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Chapte® 1:- REPRODUCTION IN ORGANISMS

A REPRODUCTION IN ORGANISMS
A Life Span
A Period from birth till natural death.

Every organism live only for a certain period of time.
¢ ReproductiafProducing younges of their kind, generation after generation.
e Types of reproduction
e Asexual reproductiosingle parent capable of produciogngtfs
e Sexual reproductiortwo parents are invovled in producing offspring.
Modes of asexual reproduction
A Binary fissionparent body divides into two halves,aligridéatical to parent.
Amoeba: It is simple or irregular. Paramoecium: Transverse binary fission.
A Multiple fissionparent body divides into many daughter organisms : Plasmodium.
A Budding daughter organisms grow from small buds arising in parent body

Exogenous budding: out side the body eg. Hydra, Yeast.

Budding in Yea&ndogenous budding : inside the body eg. Gemmule in sponge.

A Conidianonmotile, exogenous spores in chains eg. Fungi.

A Zoospors: microscopic motile structures eg. Wlgalents : term vegetative reproduction
frequently used instead of asexual reproduction, units of vegetative propaggiativealled
propagules
All organisms show remarkable similasitydifference in their reproductive structure. Similar
pattern gshases in their life cycles.

Juvenile phaserfhe phase of growth before reproductive maturity.
Reproductive phas&eproductive maturity.
Senescent phas@hase between reproductive maturity and death.

> >

U The main events of sexual cycle are:
i. Prefeitisation events:
a.Gametogenesis :
A The process of formation of male and female gametes by wiisisgis cell

x Homogamete(lsogameggmetes similar eg. Algae
x Heterogamete{mogamete): morphologically dissimilar gamete ,male gametezdq@ntber
sperm) ,female gamete (egg or ovum) eg. Human.
x  Sexuality in organisms$n plants Bisexual term is used for Homothallic and Monoecious plants
Both male and female reproductive structures in same plant eg. Higher plants, cucurbits and cocor
x Unisexual ternused for Heterothallic and Dioecious plants
Male and female reprodustrueture on different plants.
Flowering plaritsnale flowestaminate floweand female flowpgistillate floweeg. papaya and
datepalm.



¢ Animalsi Bisexual term issed for Hermaphrodite animats EartAvorm, Tap@orm, Leech,
Sponge.

e Unisexual animals have male & female sexes in separate indegluasects, frogs, human
beings

Cell division during gamete formation:

Hapbid-parent (n)produces haploid gaes (n) by mitotic division, eg. Monera,fungi, algae and
bryophytes.

Dipbid parent (2nproduces haploid gametes(n) by meiosis division (possess only one set of
chromosomes)and ssigicialized parent celldgalledneiocyte or gamete mother cell.

o Example

Name of organism Meiocyte(2n) gamete (n)
Human 46 23
Housefly 12 6

Ophioglossum (fern) 1260 630
Potato 48 24

b) Gamete transfeto facilitate fusion.

x Male gametes mostly motile and femai®tilenexception few iflamgl in algae both gametes
are motile in some cases

x Water medium for gamete tramsféswer plants. Large number of male gametes produced to
compensate loss

x Higher plants, polgains are transferred by pollination.

FertilizationFusion of maad female gametes diploid zygote.

x Parthenogenesislevelopment into new organism without fertilidattfeesy hondges, some
lizard, bird(turkey).

X

Fertilization

Two typesexternal and internal .

o External fertilisatioroutside the bodyoofjanism in extermakdium (water) eg. majority of algae,
fishes, amphibians

e Advantageshow great synchrony between thedsexes
1. Release of large number of gametes into surrounding medium
2. Large number of offsprings produced.

¢ Disadvantagefspring vulnerable to predators, natural disasters.

e Internal fertilisatiorfusion occurs inside female body eg. majority of plants and animals. Egg non
motile and formed inside female body. Male gamete motile, produced in large humbers to reach
and @ise with it. In seed plants,motile male gamete carried to female gamete-tuppollen

Post-fertilisation eventdormation of zygote
a. Zygote One celled , diploid, vital link between two generations.



External fertilizatioizygote formeddrternal medium water eg. Frog,

Internal fertilizatiofizygote formed inside the body eg. Hwemgs. Development of zygote
depends on typeliié cycle and environmerfome develdhick wall ( prevent damage and
desiccation) & undergo period efreslgae, fungi.

Haplontic life cyclezygote (2n) divides by meiosis to form haploid (n) spores.

Diplontic lifecycle zygote (2n) divides mitotically, develops into embryo (2n).

Oviparous animalgay eggs oside the female boHggs can be fergld/ unfertilized. Fertilized
eggs covered which hard calcareous shell, laid in safe placenméme. énwieotilised eggs laid
in water. Examglishes, frogs, reptiles, birds

Viviparous animal®ear and rear the embryo inside female bodyrthgit@ yourgnes.
Advantageproper embryonic care, protection, survival chancesookyaynegter. Example
cows, whales, hunings

Embryogenesigdevelopment of embryo from zygote by cell division (mitosis) and cell differentiation
Cell divisionincreases the number of cells in the developing embryo

Cell differentiationgroups of cells undergo certain modifications for the formation of different kind:
of tissues and organs.
In flowering plantzygote formed inside ovule

Changes occun flowering plants:

Sepal Fall off

Petal Fall off

Stamen Fall off

Zygote Embryo

Primary endosperm nucleus Endosperm (3 N)

Synergid Disintegrate

Antipodals Disintegrate

Ovary Fruit

Ovule Seed

Ovary wall Pericarp (epicarp + mesocarp + end
Integument Seed coat (testa + tegmen)

Parthenogenesis-emale gamete develops into new organism.

Seedless fruitbormed byarthenogenesis

Clone A group of individuals of the same species that are morphologically and genetically simila
each othek their parents



Question & Answer
Very short answer type(1 mark)

1- What is meiocyte?
Ans:Specialized cells in diploid organism, i.e., gamete mother cell which undergo meiosis.

2- Name the kind of reproduction in bees by which drones are produced?
Ans:Parthenogenesis.

3 What is special in flowering bamboo?
Ans:Bamboo species flower only once in thieiesifgenerally after150 years.

4- What is meant by homothallic?
Ans:The term homothallic refers to bisexual or hermaphrodite condition.

5 Whyare the date palms referred to as dioecious ?
Ans:In datgpalms, the male and female flowers are present in different plants.

6- If the meiocyte of an onion plant contains 32 chromosomes, work out the number of
chromosome in the endosperm and embryo?
Ans:Hint: endosperm is triploid.

7- Name two acellular organisms which reproduces sexually.
Ans:Pararpecium, Plasmodium

8 Give the scientific terms for the following
Ans:a. Morphologically and genetically similar individual derived througbdssarénepr
Clone

b. Cyclical changes shown by seasonal bAgexi®etrous cycle

Short answer type (2 marks)

9 Name the structure which gets transformed into seeds at maturity.
Ans:ovule

10 Name any one animal in whietegaization occurs
Ans:Taenidtapeworm)



CHAPTER@SEXUAL REPRODUCTION INFLOWERING PLANTS

FLOWERS
Si tua Reprbdudianx
Mal e and female reproductive organs are bor

PARTS OF A FLOWER
Four WHORLSCALYX (sepals), COROLLA (petals), ANDROECIUM (Male
reproductive organ), GYNOECIUM (Female reproductive organs).

Male Reproductiv@rgan
Aeatidnr gosists of Stamens.
Stamen consists of anther, filament & conne
A nt h bas 4 Midrdsporangid.

Refer fig. 2.1 of NCERT (L.S. OF A FLOWER WITH DIFFERENT PARTYS)

MICROSPOROGENESIS

Microspore mothall (2n)
Meiosis
Microspore (n)
Mitosis

Pollen grains (n)

Pollen grainkave two outer walls; i) Exine ii) Intine
Exine is made NATURALSUBSPANCHE)eni n ( HARDEST
Mat ur e pol | eibigvggetativercal &ddhgenarativelsed c el | s
Generati ve cel Imitdtiodivsien. t wo mal e gamet es
Pol | en -gelled/Bcalledsmdez2d i n 2

GYNOECIUM / CARPEL (THE FEMALE REPRODUUCTIVE ORGAN)

Refer fig 2.7 of text book (Structure of anatropous ovule)

ck @arpel consists of owyle &tigma.

Ovul es are attached to ovary by placent
Tuhicdé stalk of ovule

Hi | um, a region where funicle is attach
| nt éapuemembryo sac.

Mi ¢ a pone forl eetry of pollen tuben8bibe water



MEGASPOROGENESIS

Megaspore mother cell (2n)
Meiosis
4 Megaspores (n)
(3 megaspores degenerate, 1 remains functional)

Funtional%\egaspore (n) (DividteeS by mitosis)
8 Nucleated Embryo Sac formed
3 cells group at mictapgndthe egg cell(n) & 2 synergids(n)
3 cells at chalazal end called antipodals(n)

2 polar nuclei at center(n each )
Ref fig 2.7 and 2.8 of text book

POLLINATIONransfer of pollen from anther to stigma. Agents of ailljrvaditar,
inset ba, birdman.

Transfer of polle
to stigma

Self pollination |, j
(Autogamy)

Cross pollination (Hetroga Xenogamy (different flowers
L 1 > different plants of the s
Geitenogamy species)
I Different flowers
Auto gamy same plant
(Same flower

Doube fertilization
Pol |l en gr ai &polleyp wlvemgrows éhtoegh siyie. st i g ma
Pol | en t ubé&releasestowdnele gametes into @ablye
Fertilisati on i&femaldgametes (0t)acsfeam adpkfd@eys i on o f

SYNSAMY Fusion of one male gamete(n) with-eggs{n¥ygote(2n)Produced
First Fusion—— Fusion of two Polar Nuclei(n+r=&8econd fusier—»
Male Gamete(n) Fuses iglittsionrpduct of the two polar nuc)ei(3
Third Fusior—>  fusion of male gamete with egg cell.

DOUBL E F EiRusidnflmblegyandtd with Mdrrst fertilisation,
i)Fusion of fusion product of polar nuclei with maleSygnoetefertilisation.
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Refer fig 2.13 in NCERT

POST FERTILISATION CHANGES:
STAGES OF EMBRYO DEVELOPMENT ARRMER$ATION

1. Zygote divides by mitosis into suspensor & embryo cells
2. Suspensor cell forms a globular basal cell which remains embedded in the endosperm & a
multicellular suspensor bearing the embryo
3. Globular embryo becomesdteged & thenature embryo with radicle, plé&atyledons
Pri mary e hdbides epeatedly to toonlerdasperm, fooendryioe
Mature ovary becomes fruit.
Mature ovule becomes seed.
True Fruitdevelops only from dlary e.g. mango, tomato
False Fruitlevelops from parts of the iflativer than the ovasig. apple, peach etc.
Seedswo types: i) Albuminous (with Endosperm)
i) Non albuminousigeut Endosperm)
Speciaimechanism #production
I) Apomixis Production of seeds without fertilisation e.g. spsteiecehie andagses.
if) PolyembryomyOccurrence of more than one embryo in a seed e.g.Orange.

OUTBREEDING DEVICES

Continued sgibllination resulbireeding depressiofrlowering plants have developed many
devices to discouragesalination & encourage guosation such as

Bearing unisexual flowers

Anther & stigmaature at different times

Anther & stigrpéaced at different positions

Selfincompatibility where pollen grains of a flower donot germinate on the stigma of the same
flower

ARTIFICIAL HYBR3BITION:

Types of crog®llination performed by man fangopement. Achieved by

i) Emasculation i.e. removal of anthers fiomethieud of a bisexual flower before theensoes
using a pair of forceps and

i) Bagging i.e. covering theseumeted flowers vétiag of suitable size to protect them from
contamination with unwanted pollen

If flower is unisexual, emasculation needstd. Flower bud bagged & when the bstogpmees
receptive, pollination is done using desired pollewér iseébagged

11



Questios

Short Answer Type QuestigBsnarks.

1. Explain the phenomenon of double fertilization in angiospermic plants.

2. Trace the development of the mature ovule from a megaspore mother cell.

3. Enumerate the steps in artifgbiadisation.

4. Differentiate between monoecious and dioecious plants, with an example for each.
5. How is pollination effected in Vallisneria?

Long Answer Type Questiqghsmarks

1. Represent diagrammatically the formation of an embryo saasmoneanna¢her cell.
2. Draw a wddibelled diagram of the L.S of embryo of grasses. How does it differ from that of bean.

12



Chaptet3 HUMAN REPRODUCTION

Ref.: Concept map: Pagg & C2

The Male reproductive system
1. Penis
a.Urination
b.Sexual intercourse
1. Corpus cavernosgpongy tissue that fills with blood to make per
2. Glanghe head, end of penis
3. Foreskin
i. Covers glans,
ii. May be removed surgically in an operation (circumcision)

2.Scrotum a. Located behind penis
b. Contains two testes
c. Temperature sensitive (Sperm must be made in cooler corAgfiions
lower than body temperature)

3.Testes
a. Sperm is produced by the seminiferous tubules due to FSH
b. Testdsrone is produced by Leydig cells due to LH
1. Causes the development of the male sex organs at ~8 weeks
conception.
2. Responsible for facial, armpit, and pubic hair, bone growth ar
development.
c. Testes formed in the abdomerre téfthDescend through the "inguina
canal" during fetal or ypagal life. Sometimes it may take months/year:
reach right pladeossible site foernia.
4. Epididymis: Stores sperm until they have matured

5. Vas deferens:  Tube that leafit®m the epididymis to the urethra
Many sperm cells are stored here too

6. Prostate gland: Provides an alkaline fluid that can protect sperm from harsh vac

7. Seminal Produce food for spdfond "Fructose”
Vesicles:

8. Cowper'gland: Produces clear lubricating fluid

13



The FemalReproductive System

Ovary
i) Each ovary contains immature ova (eggs) in follicles.
i) Femaleborn with lifetime supply of eggs(2B80M@000 in each ovary)

i) Ovarieselease ovumAlmostll ova degenerate between birth and puberty.
iv) Apprax400 eggs will be ovulated over woman's life.
v) Egags the largest human cell.

vi) Ovarieare located lower abdomésfiaind 1 on the right.

Fallopian tubes
i) Two thin tubes attachetléaupper sides of uterus

i) Tubes terminate near the ovaries but are not attached
ii)"Fimbriae" are findjlee structures on the end of each tube
iv)Tubes conduct egg to uterus by use of small hairs called "cilia"

v) Fertilizatiorof ovum takes pgaia thempullaryisthmic junction of the fallopian tubEggviable
for only 248 hours after ovulation.

Uterus
i) Pearshapedorgan located in lower abdomen

i) Musclegmyometrium) stretch to allow baby to develop. Oxytocin starts lafr contractio
iif)Lining of uterug¢endometrium) thickens with-bidotissue due to progesterone
iv)Endometriunsupports embryo/fetus during growth

v)Placentalt is the interface between baby and nifatibépregnant, lining breaks down and is
dischaged frorbodythrough vagina. Thisienstruatiorfperiod)

vilCervix connects uterus to vagib&e a door that opens during ovulation. Cervical mucous closes the
door at all other times.

Vagina:

Birth canal:

i)Menstruablood leaves the body

i) Orgaof intercourse

iii)Musculastretches to allow a baby to grow

14



iv)Vaginal opening partly remains closed by thin membrane of higses béajele stretched or
tornduring any physical activity

Cervix:

i)Located @iner endf vagina

iOpeningf aiterus into vagina

iii) Mucous prevents bacteria and viruses from entering uterus
iv)Lets sperm into uterus after ovulation

V) Where baby also passes through during vaginal birth

Labia:

2 layers of skin, which fold over the opening to vaginaand urethr
i) Inner labidabia minora)

iiiOuter labidabia majora)

1.Two folds of skin, surround vaginal area

2. Pubic hair grows on outer labia

Clitoris:

i) Small organ, 5 to 10 millimeters long

i) Located ainctiorf inner labia near front of body

iif) Containsrectile tissugesexuallgensitive

Mons pubisCushion like fatty tissue covered by skin and pubic hair
GAMETOGENESIS & ITS HORMONAL REGULATION :

Ref: Concept Map Page C 3
Differentiate betweelspermatogenesis and oogenesis :

Spermatognesis Oogenesis

Produces male gametes (sperm) produces female gametes (odcytes

Toccurs in the seminiferous tubules (in tg Toccurs in the ovaries

Tinvolves meiosis T involves meiosis
Toccus throughout life after puberty occurs after pubertyilunenopause
may produce 400,000,000 per day Thumans normally produce one oocyte dul

each ovarian cycle

Primary spermatocyte divide equally to f¢ Primary otocyte divide unequédisniane
similar secondary spermatocytes large secondary ae@nd a small polar body,

One spermatogonium produces 4 functig An oogonium produces one functional ovu
spermatozoa 3 non functional polar bodies

15



2)Follicular phase (Proliferative phase ) and Luteal phase (Secretory Phase)

Proliferative phase

Secretory Phase

Follicular phase

Luteal phase

Stage of repair and proliferation

Prepares endometrium for implantatic

It extends from the end of menstruation to o

It extends after ovulation to menstrua

LH and FSH increases

LH is high (LHrge)

Estroge level imeases

Progesterone level increases

Estrogen is secreted by Graffian follicle

Progesterone secreted by corpus lute

Menstrual Cycle

Menstruatién Repair of the Ovulatiofy Thickening of th  Breaking
endometriuin endometriuin dowr
Follicular Phase Due to LH Luteal Phase
FSH/Estrogen LH/Progesterone

MENSTRUAL CYQRé&. Concept Map Page C 4

~ Luteinizing
hormone (LH)

Follicle-stimulating
hormone (FSH) |

Estrogen

Progesterone

3 e
&® & C)

| | |

] - 3 L |
Developing follicle Ovulation Corpus iuteum

—

s S
.

Foliicular phase

3

S
SRR A

T
ig
Menstruation Days of cycie
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Endometrial changes following fertilization

Implantation

ovulation
occurs on day 5§

!

progesterone

THE MENSTRUAL CYCLE

Blood and fragments
of ulerus lining
feave the
body

Stage 1
MENSTRUATION

Stage 4
PRE-MENSTRUAL

A
TYPICAL
MENSTRUAL
CYCLE

TuLs

Slage 3
RECEPTIVE PHASE

OVULATION
takes place about day 14

. . A typical menstrual cycle. It is usual to regard
the first day ol the cycle as the day when bleeding

begins.

17



. ] FUNCTION
FSH and LH from the pituitary: /PRODUCTION
Hormone In Females In Males
FSHControlg, Eggs + Estroge| Spermatogenesi
ion +
LHControlg, Ovulation Testosterone
Corpus Luteum
STAGES OF MATURATION OF OVA
(Surrounded by a) (more gramlosa cells ) (contams) Theca Externa
PRIMARY OOCYTE —  PRIMARY FOLLICLE — »SFCONDARY_ FOLLICLE Theca Interna
(layer of Granulosa cell9) (&a Theg layer) Anfrum
Polar Body (contains) Matures Liguor Folliculi

GRAAFIAN FOLLICLE ¢+——— TERTIARY. FOLLICLE

SECONDARY OOCYTE (Meiosis I completed)
(Metaphase,.of Meiosis IT completed ’—’]Mﬂlﬂdﬂ; (Ruptures)

Rematns covered by » —  » OVULATION
\—p Corona Radiata

From Primordial Follicle to Tertiary Follicle
Primordial follicleThesurviving primary oocya®irth, are surroundethioy single layers celts
socalled follicular epithelial cells.
Primary follicle
The primordial follicles while developing into primary follicles the follicular epithelium that surrounds th

oocye becomeso- to highlprismatic

Oocyte

Pellucid zone
Stratum granulosum
Theca folliculi cells

Primordial follicle
Primary follicle
Oocyte

Follicular epithelium

N, >
A WODN P

18



Secondary follicle
Secondarfpllicles with follicular epitheliums encommpadisug rowsre formed called siatum
granulosumPellucid zongbetween the oocyte and follicular epithelium bab@mes vis

Tertiary follicle

Aweldeveloped net of capillaries in the thecé interna
Antrumi a fluid filled cavity develops

Thethecalayer organized inTheca interh& Theca extetna

Tertiary follicle

Oocyte

Pellucid zone

Stratum granulosum

Theca inted

Theca exterha

Antral follicle

Cumulus oophorus (Granulosa cells, together with the o
Basal lamina between theca and stratum granulosum

00 ~NO Ol bk WN P

Conception to Birth

The following shows some of the many stages of human development:

The singleellthat results fro
fertilizatioof anovunbyasperm

Zygote

Morule *The morula (&tthuberry)l

e Solid ball (14 64 cells).
e Morulaarises frommitotic
(cleavagedivisions

19
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Blastocys

The blastocyst is a lidillied ball of
cellsCccurs aroundi B days after
conception. Implantation in the
endometrium occurs at this.stage

Embryc

Humarconsiderean embryo from
implantation until about 8 weeks a
conception

Feoetus

8 weeks after conception until b

ef;g Egg Polar Zona
‘ nucleus bodies pellucida

Sperm
nucleus

Day O
Pronucleus
formation
begins

Fertilization
occurs about
12-24 hours
after ovulation

Ovulation

Zygote cleavage 2-cell
division stage stage morula morula

Copynght @ The McGraw-Hill Companies. Inc. Parmission required for reproduction or display.

Cleavages (first cleavage completed
about 30 hours after fertilization)
Stem cells

4-cell

Early Late

Stem cells
(pluripotent)

fertilization
Blastocyst
implantation



Fate of three germ layers

Ectoderm Mesoderm Endoderm
Nervous system Skeleton Digestive tract
Epidermis of skin Muscles Respiratory system

Circulatory system

Liver, pancreas

Gonads

Bladder

Mnemonics

Tubules in male reproductive system
0 S EWEPN

Seminiferous tubules
Epididymis

Vas defeens,
Haculatory duct
(Nothing)

Urethra

Penis

Menstrual Cycle
oFOL(d) M(a)PSo
Ovarian cycle:

Follicular phase
Ovulatory phase
Luteal phase

Menstrual cycle:
Menstrual flow,

Proliferative phase
Secretory phase

DIFFERENT STAGES OF EMBRYONIc

DEVELOPMENT
INNER
CE L;.s

@ @’ A mfﬁo-

ST
ST
LEAVAGE MORULR BLASTOCY.

(c 8-cELL STAGD (16 CELL STAGE)

= TROPHOBLAST
—— 5L sToCOEL

[
DEVELOPHENT OF EmPOPERM

EMBRYON 1 pyse

wsT W%
TKOf”?B e ‘.G 09 ) &9
G

AL _CELL PROLIFEKLT:
~ o8> P
o~ S Xy Ys
g LaF PRIMITY ve o xﬁ\‘ﬁ\
& GUT N ¢
A Vo ENDOPERY,

& —~ MESODERMA,.
2 CELL

et GGy,

TroPo ¢
7"'- = b <&
” NG,
R A
MEsOPER™ o= T '
7
ENDOPERM

c

DEVELOPMENT OF MESODERM,
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M )’OME"RIUH%————,-‘ DECIDUA BASALIS

J X\ eHORIONIC VY LL!
UMBEICAL - ‘, SN \ ALLANTOIS
coRP LEg 8- W
DPE;%/DEUT‘;&U: l \ B W \’.\
’ | B SR RAEE. VITELINE SAC
AMNIOTIC (|
CAVITY ]
DECIDUA ’ CHORIBNIC CcAVITY
CAPSULARLS /

L UTERINE CAVITY

EMBRYONIC DEVELOPMENT
IN MAN.
(EXTRA EMBRYONIC MEMBRANE)

TERMS TO REMEMBER
Acrosomethe part of a sperm cell that contains an e(Egisenables a sperm cellrietpse an egg.)
Afterbirthplacenta and fetal membrane expelled from the uterus after the birth of a baby

Amniotic sadluidfiled membrane or sac that surrounds the developing embryo
uteruqpotects baby from hard sh&eleps it at amstant temperature. )

Birthrthe process of being born. process byballychmoves from the uterus into the outsic
Parturition

Blastocyst= blastula = early stage of an embryo-dlédusghere whose wall is composed of
layer of csll during this stage (about eight days after fertilization) implantation in the w
occurs.

Cervix lower part, or neck, of uterus. (Opening to the uterus.)
Clitorissmall, sensitive organ in front of the vagina
Coitussynonym for sexumércourse

vhile in the
e world.

a single
all of the utel

Conceptiorertilization of an egg cell by a sperm cell
Corpus Luteum After ovulation, this crblter structure produces progesterone and estrqg
corpus luteum is the old RUPTURED GRAFFHI
Cowper's glads - 2 glands that secrete an oily liquid, which cleans and lubricates the ju
male

Egg cela female sex cell (female gamete or aecuoratary oocyte
Ejaculatiorthe discharge of semen from the penis

Embryethe unborn child developitigeinterus between the second and eighth weeks of life
Endometriumthe lining for the utersge for blastocyst implants and develops.
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Epididymighe tightly coiled tube at the back at each testis that holds newly ciieétadh
epididymis i&e a nursery where sperm mature and learn to swim.)

Erection condition of penis when it fills with blood and becomes firm, enlarged, and ere
Fallopian tubegubes leadingom each ovary to the utemseslcarry the egg from ovary
uterusFertilization occurs here. (Also knowrosisi thogs)

Fimbria- Afimbria(plurafimbriag Latinworditerally means "fringeffinge of tissue near the
leading to the fallopian tube

Fertile able to conceive a child

Fertilizatiorunion oferm and egg. Conception.

Fertilized eggegg after sperm has united with it. Zygote

Fetusunborn child developing in the afezdbke first eight weeks of life

Follicle- In ovaries. Each holds and nourishes an egg until Mesi&smome corus luteum aft
ovulation.

Foreskiri A sheath of skin that surrounds the penis.

Follicle Stimulating Hormonsecretedrom pituitagland in both men and women. In womg¢
promotes the development of eggs and estrogen. In men, FSH proatapeseaiiecdeperm ce
Fraternal twinbabies that develop from two eggs, each fertilized by a sperm cell; may o
the same sex

Gameté a sex cell. Sperm cells and egg cells are gametes.

Genitalghe reproductive or sex organs, espkeialyernal organs

Germ Cellegg or sperm c@8amete. In humans, germ cell contains 23 chromosomes
Hormoneshemical substances produced by the endocrine glands; they act in other pd
and affect maturation, growth, and behavior; IGH,F=idtosterone, Estrogen, Progesteron
hormones.
Hymenra thin bit of tissue, or membrane that may partially cover the opening of the vagin
Identical twindabies that develop from a single fertilized egg that separates into twdl
twins are always of the same sex

Labiatwo folds of skin surrounding the entrance of vagina

Laborthe muscular contractions that expel a baby from uterus during childbirth

Leydig Cell$ when prompted by LH, Leydig cells create testosterone.

LH - Luteinizing HormoneSecreted fromituitary glandauses ovulation and formation of
Luteum in women. In men, LH causes Leydig cells to produce testosterone.

Menstrual cycleperiodic building up and sloughing off of lining of uterus appr@xyriateh
eight days

Menstruatiosthe periodic discharge of blood and waste material (unfertilized secondar
and the degenerating endometrium lining) from the uterus
Miscarriageexpulsion from the uterus of a fetus befalevélapd sufficiently to livsokalled
spontaneous abortion
Myometriuni muscles of the uterus that stretch to accommodate the growth of the
muscles contract during | abor and push
Orgasmhe peak of sexual excitement when the médéesjaemen,

Ovaryfemale sex glands; they produce egg cells, estrogen and progesterone.
Ovulatiorthe discharge, or release, of an egg cell / secondary oocyte from the ovary
Ovumscientific name for an egg cell / secondary oocyte

Oxytocin- hormonegteased from the pituitary gland , stimalatestioof the myometriwthe
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uterus during labor and facilgggeson of mfilom the breast during nursing.
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Penisthe male sex organ through which sperm cells leave the body; it alsardischarges u
Placentanetwork of blood vessels and other tissues by which the unborn child is attach
the uterus. grows out of the endometrium The umbilical cord is attached to it. It is the
mother and developing fetus.
Pregnang-the process in a woman from conception to birth
Pregnanthe condition of a woman with an embryo or fetus in her uterus
Progesterond pregnancy hormone, which is first produced by the corpus luteum an
placenta.

* increases lining of@amdtrium.

*maintains pregnancy

*helpdevelop mammary glands.
Prostate glandsurrounds the upper end of male urethra and produces part of the fluid 1
the sperm to form semen. Prostate fluid akipiai® protect sperm from vaguhal aci
Scrotum pouch of loose skin containing the tdsiees and aipnditions the testicles by m
and sweating.
Semerhe mixture of sperm and flaidased duriegaculation. Semen comprisgokoffructose
prostate fluahd oil fromCpve r 6 s gl and.
Seminal vesiclesmall saclike organs opening into each vas deferens near the upper end
produce part of the fluid that mixes with the sperm to form semen; provide food (fructosg
Seminiferous tubulegubes itestes that produce sperm
Sexual intercoursentry of penis into vagina and subsequent release of seatler;@itsis
Spermthe male sex cell (male gamete or spermatozoomnptainsi28 chromosomes in hum
Spermatozoocacientific name fpesm
Spontaneous abortieaynonym for miscarriage
Testesmale sex glands; produce sperm cells and testosterone;
Testiclessynonym for testes
Testosteronéemal e hor mone devel

t hat regul at es

Umbilical corergpelike structure connecting embryo or fetus to placenta within the uterus.
ales and throu

Urethrathe tube through which urine is expelled from the bladder in both males and fem
which semen leaves the male body

Uterus=womb- the hollow pesinaped ogg in which a baby develops before it is born;
Vaginapassage from the uterus to the outside of the body , accepts the penis durilids
the birth canalng&nstrual fluids leave through it

Vas deferengube extending from each epididytnesurethra in males

Wombsynonym for uterus

Yolk saea structure that develops for the nutrition of embryo during early embryonic life
to function

r
ed to the wall
interface betw

d then by the

hat mixes with
oving

of the urethra

2) for the sperr

opment

ntercourse.

and then ceas

Zygote- The cell formed by the union of two gametes. [ fertilized ovum before cleavage.
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IMPORTANT NOTES

An adult male produces ovétd 0@3spermeach day

Human female oogonial development by mitosis is completed by 25 weeks of foetus and
oogonia are formed after birth

Sperm entry into the ovum stimulates Mitfas@promoting factor) & APC ( Anaphase
promoting complex) for completion of Meiosis Il

During Spermatogenesis, spermatogonium produces four sperms while in oogenesis, oogon
produces one ovum and two polar bodies.

Human Sperm contains Clupein proteins.

YolknucleusA mass of mitochondria and golgi bodies near nucleus is called as yolk nucleus an
controls vitellogenesis.

Maximum level of estroger#h day, LHL.3th day, Progestran@lst day, Corpous luteum
formation 19"day of menstrual cycle.

Menstrual cycle is absent dgriegnancyactation periods and permanently duringseenop

Two ovaries alternate in ovulation

13 mature eggs are released per year, so about 416 eggs (13x32 years) are ovulated during w
reproductive period of humaaldem

Menstruation is also called AWeeping of wut
In human embryo, yolk sac degenerates since eggs is microlecithal, which shows evolution
significance.

Placenta acts as a physiological barmiens altrfilter between foetal and maternal blood.
Progesterone is also called pregnancy hormone since its secretions controls pregnancy
Teratogens are physical, chemical, biological agents which may cause malformation in develo,
embryo

Period betweéertilization and parturition is called gestationfsresdbetween 266 days up

to 280 days ( deeks)
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Chapted: REPRODUCTIVE HEALTH

Reproductive Health:
Human reproductive health and sexuality involve greatpoaeptmndinterrelatiohgs.

Atotal view of human reproductive health is arsiortal wddkingas well as to interpersonal
relationships.

Every individuabisinique sexual being

Adolescents averant, fragile and prone to experimentationtakihgak a resuthey are the
most ulnerable populatamfar agdelinquent behawaodattitude isoncerned.

Everydecisiomas its owoonsequencény wrong decision can ledéastrous consequence
which in turn can ruin oneds I|ife.

Sexual adjustment is pardtal personality adjustmeneste#fim is the key to sexual maturity.
Broad based community and institutional support for reproductive health is essential.

Adolescence Reproductive and Sexual H@ERBH)jopics are to be taken care of to dispel the
myths and misconception about this important aspectonith focus

e reducing risky behavior

o theories which explain what influences people's sexual choices and behaviour

« reinforced message about sexual behaviour and risk reduction

e Providing accuraterimfation about, the risks associated with sexual activity, about contraception
birth control, methods of avoiding or deferring intercourse

« Dealing with peer and other social pressures on young people; providing ppgcirognities to
communication, nggtion and assertion skills

e Uses a variety of approaches to teaching and learning that involve and engage young people a
help them to personalise the information

e Uses approaches to teaching and learning which are appropriate to young people's age,
experience anclltural background

Methods of birth control

CONCEPT MAP Ref-~C{Page)

o Behavioural methodBehavioural methods depend on a good knowledge of the menstrual cycle
as well as adequate self control by the couple.
o Coitus InterruptusCoitusinterruptus means 'interrupted sex". In this birth control
method, the penis is withdrawn freagthqust before ejaculation.
The main advantage is that this method does not requio¢ d@ing dseg, does not
interfere with normal body functions, and the couple camepiaanfoat any time
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they want. The main disadvantage is that it is dependent alnmogtennaltyscself
control. The failure rate is high-48%.

Rhythm method or Safe Peridtlis method requires a good knowledge of the female
partner'snenstrual cycte identify the dage which sexual intercourse is possible
without the riskpyegnancy

e Avoiding vaginal Intercoursnal sx, oral sex or sex without penetratuamitte

« Barrier methoddn barrier methods of birth control, a barrier is placed between the penis and the

vagina during intercours@aiothe sperm cannot meet the ovum for fertilization.

(0]

Male Condomsusually made of latex that covers the erect penis during penetration of
the vagina.

Female Condomsmade of polyurethrane, loose sheath with two rings on either side.
can be insertecbaut 8 hours prior to sexual intercourse and can be kept in for about
another 12 hours after intercatasebe used more than once during this period.

Condoms protect against pregnancy as well as sexually transmitted diseases
(STDs), including HIV/AIDS.

Diaphragmvaginal is a small saucer shaped rubber sheath with a metal coil in its rim
which is fitted acrossrtoaitiof the uterusdrvix

Cervical Caprhecervicatap is a small dosteped rubber device fitted on the cervix.

It is uncomfortable to apply and is rarely used nowadays.

Vaginal Spongéfhe sponge is a small polyurethrane round device which needs to be
placed inside the vagina before sexual intercourse. It releasesvbpehimadids

sperm inactive. It should be left in place for 8 hours after use and can be used more th.
once durintis time.

The sponge also acts as a barrier contraceptive to some extent since it swells up to
across the cervix once it is inside the vagina.

« Hormonal Method&xugs are used to either premaniationr to preveinplantatioof the

embrya@afterfertilization

o Combined oral contraceptives cmtaihormones similar to the natural hormones in a
w0 ma n 6-an ebtrogklyand a progestin.

How the Birth Control Pill works

Mainly work by preventimglationn a normaienstrual cyclbe pituitary gland secretes the hormones
FSH and LH to stimulat@taeyto release an egav(ilatidl).

Progesterone in pills makednecal muchsstildo the sperm.

o Causschanges that make ¢hdometriuomreceptive tdextilized ovuiinovulation and
fertilizatimdo take place

(0]

Oral Contraceptive pillSombined oral contraceptive pills or birth control pills contain
two hormonegstrogen and progesterone. They have two functions. The main one is to
prevenbvulationThe second function is to disrupt the normal growth of the internal
uterine liningridometriynso that the embryo cannot implant in it.
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o Centchromanrhisis a no#ormonal non steroidal contraceptive. The main function is to
cause a slowing down in the growth rate of the internal uterine lining as well as to spe:
up the movement of the embryo so that implantation cannot occur.

o The PatchThe patch (Orthwra). This is a thin baibllike patch containing estrogen
and progesterone should be applied over fReleskses the hormones slowly into the
skin through which they are absorbed.

o Depaprovera:This birth control method consists of injectndasénigf the hormone
progesterone every three months. It acts mainly by prewktimglhe main
disadvantage is that there may be irregular bleeding throughout the three months.

o NuvaringThis is a thin silastic ring which should be inserted into the vagina once every
month. It releases the hormones estrogen and progesterone awilpteduntisg

themenstrual cycle

Subdermal Implants
The Norplant (a registered trademark of The Population Council for levonorgestrel subdermal
implantdmplant system set of sixigoiestic capsul€apsules placed under the skin of a
womands upper ar m.
Nor pl ant capsules contain aprogestin, si mi
released very slowly from all six capsules. Thus the capsules supply betesde. ver
Norplant implants contain no estrogen.
Norplant capsules thicken cervical mucus making it difficult for sperm to pass through. It stops
ovulation (release of eggs from ovaries) in about half of the mersfieraltheytlst year of
use.

Emergency Oral Contraception
After unprotected sex, emergency oral contraception can prevent pregnancy. Sometimes called
postcoital or Omorning afterd contraceptio
Mainly stopsvulation

Regular use @fmergency contraceptivbas serious health hazards

Vaginal Pessaries, Tablets, Creantams:
These contain spermicides which are toxic to the sperm and shouldtbehesetgda just
before coitus. Their advantages are that they are easy to apply, do not interfere with coitus and a
as lubricants. Disadvantage is that they are not very effective always.

IntraUterine Contraceptive Devices (IUCD):
IUCDs or IUDseacontraceptive devices which are placed inside tSanalidlessble plastic
frameHas copper wire or copper sleevedoaie r t e d i utetushroagh hemagima n 6 s
Have two strings, or threads, tied tothiegs hang through thenopeof the cervix into the
vagina. A provider can remove the IUD by pulling gently on the strings with forceps.

Preventing sperm and egg from meeting. Perhaps the IUD makes it hard for sperm to move throt
the womands r epr otheabitity of sperm to fartlize thBreggndthei t r e d u
egg from implanting itself in the wall of the uterus.

IUCDs preveptegnanclyy making tlemdometriuomreceptive to thegtilized ovurt

stimulates tredometriuto réease leukocytes (WBCs) and prostaglandins making it hostile to the
sperm. It also causes bizarre and irregular growtidofmégiunthis preventaplantatioof
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a fertilizedvum
IUDs like CoppEs also come wrapped in coppeper is toxic to sperms and is a method of
enhancing the congaiive effect of the 1UDs.

The IUCDs can come in various shapes and sizes.

o Lippes LoopThe Lippes loop consists of a thin plastic (or polyethylene)wire bent in a series of S
shapes.

Lippes loop CoppefTs

o Copper TT-shaped structure which stays insigkethsvith the long arntted T along the
uterineavityendometrium) and the shorter arms transversely apmesphg of the
endometrium.

e MirenaReleases a progesterone called levonorgestrel. It works byafigonatijecting
the normal growth ofehdometriuamd by affecting texvical mucsgs that the movement of
sperm is obstructed. In the United Kingdom, hormone based IUDs are-ktenme as Intra
Systems (IUS).

e Surgical MethodShese are mor
or less permanent methods
contraceptio

o Tubal Ligation:Both the
female tubes are tied
and usually cut during tj7

t

ligation to prevent
sperm from reaching
ovum during intercourse.| ,,ua by spem
o VasectomyThe two tubes
which carry sperm from the
testes to the penis are the
vas deferens. Tyirthem

I Iterine wall

sperm swimming
through uterus
and tubes

sperm deposited in

——vagina during coitus
0
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off anctut.

o Essure:Essure is a method in which smalimeants are placed at the mouth of the
fallopian tubes to cause scarring and block them. This prevents sperm from reaching t
ovum for fertilization.

HOW PREGNANCY OCCURS

Occurs whenspernwith an ovum.

Ovumroundabout 100 microns in diameter, The ovum is pickedalppiatheilen the same side.

The tubes have long fingerlike projections calledHiahbriauses, rather like hands to pick up the
ovumOvum then moves through the tube, propelled along by long hairs growing from cells in the tut
Like grass bending before the wind, the hairs bend towards the uterus in waves, pushing the ovum s
towards the uterus. The egg remains(aiatgdor about 72 hours, but is capable of being fertilized for
only about 1224 hours. If it remains unfertilized during this period, it disintegrates in the tube witho
leaving any trace. Its end pro@uetisly proteins) are absorbed into the bloodstream and excreted
through the urine or stool.

-
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{29 ) | Corpus Luteum
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|
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Endomeirium {(Progestatonal Stage)

Fertilization, Implantation and Pregnancy

The sperm viable for a longer peniod in uterusi & days after coitus. But capable airfgrain
ovum for only 482 hours after being ejaculdwe. taken by sperm to reach tubes is beiwkzn 6
hours but many authorities say it can be as early as 1 hour.

Intercourse has to take place within this narrow time flagseb@fore aatibn or immediately after
ovulation), for a pregndnayccur. At every interconosgal man deposits 2 mililitre of semen in
the upper part of the vagina (see diagram). Each mililitre of semen normally cor2@dsrabont 50
of sperms.
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Sperms swim rapidly upwards into the uterus and from there into the two tubeatdheeithier cide
3mm per houraKes an average of 10 hours for sperm to reach tubes.

All the spesweposited in thaginacannot swim into titerus Only about 1 % of the total number of
sperms deposited in the vagina make the journey.

Hundreds of sperm (estimated to be a3@@)rsiirround the ovum in the tube. They press against the
membrane of the ovum attempting to penetrate it and fertilize the ovum. Finally one sperm succeec
once a chemical reaction is triggered off in the wall of the ovum, making it engesteeabfzeton.

No other sperm can enter the ovum now.

SPeEm

/ !
= e »&J . aco
1‘ |

Zona

Pellucida

Process of Fertilisation Zygote N 4-celled embryo

Unsuccssful sperms slowly degendyagak down and become indistinguishable from any other protein
end product i n tspearmdde upanhidy oppaotein) nTdase gatealisdodhe  (
blood strearare carried away to be expelled from the body in the stool or the urine.

Sperm that manages to penetrate the ovum fuses with it to form a single cell Zgtieteasigste.
to divide as it is propelled towards treiut@énging first into 2 cells, then ,itherd 8 and so on.
Dividingygotecalled an embryo.

When the process efitro fertilizatigivF) is carried out, the ovum and the spknwets @l fertilize
in a | aboratory dish (petri di sh). Thé8 embr vy«
celled stage, usually on the third day after fertilization.

By the time the zygote reaches the uterus at about the 6thfterdtlrulation, it is ecébed cluster
of cells called a morula. The morula looks rather like a bunch of grapes. Each of its cells is identical to
other.

Theoretically, it is from thell2d to the £@lled stages that the cells can betselp@oan each other

and allowed to develop into clones of each other (identical twins). In nature, separation occ
spontaneousiyusually at thec2lled stagieto form identical twins. Separation at later stages can lead

to the potentially fatal ¢mmdof conjoint twins or Siamese twins.
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When it reaches the uterus, the morula sticks to the inner lining of the utéens doadiaixhBy
this time, the hormone progesteeleased by the ovaries finishes preparing the endometrium to receive
the morula.

The morula burrows deep into the endometrium and-d@thel8yhafterulations fully buriedlit.
Burrowi ng can c au snelan@tiod bleedingiriedntbtydegidsitandgveldiza | | e d
cells increasing in number and gradually becoming different from each other in the way they function.

The development of the embryo cenimtilat the end of 9th mufipttegnancf40 weeks or 280
days), a fully forneby capable of leading a life independent from its reathetoideorn

INFERTILITY AND ITS TREATMENT

nif ertilityd when a coupl e f ai tostraceptio®@oohalei v e
women desiring children, conceive wehinof marriage and another 10% within the second year.

According to the WdikhlthOrganisation, incidence of infertility is about 10 % worldwide: Another 10
12% of all the other cesiglave only one child and wish to have more. The incidence of infertility is
gradually increasing all over the world.

For many people going thrinfghtility treatmettie level of distress and tension can be very high.
Mutual trust and faith in the doctor can help the couples to enquire about different modalities of treat
for both thmaleas well as tlfemale partnesind make informed decisions of their reproductive status
azoospermia (complete absence of sperm). In these cases, speraspiadeoedom the testes
directly.
o IntraUterine Insemination (IUThis method is used in men with moderately low sperm count.
the semen is collected by masturbation, washed and centrifuged to increase the sperm dens
This high density sperm samsplana injected into tierusbypassing tivaginaThe chances
of hostileervical mucus thus eliminated. Since the sperm is injected into the uterine cavity,
chances gfregnancig increased. The procedure should beittion@ Wwours of collecting the
semen.
o Insemination with Husband's Semen (AW} is done in cases of impenetableal
mucou®r when disease or deformity of the cervix mgkessible for the sperm to enter the
uterus. It is also carried out in cases of impotence or premature ejaculation.

o Insemination with Donor Semen (AID) is usually carried out in couples where the husband
suffers from azoospermia.

InVitro Fertilis&dn (IVFprocess by whiefg cellarefertilisedby sperm(usually 100,000 sperm / ml)

outside the womip, vitro IVF is a major treatmeninifertilitywhen dter methods efssisted
reproductive technolbgye failed. The process involves hormonally controlling the ovulatory process
removingva(eggs) from the womavariesand lettingperntfertilise them a fluid medium. The

fertilised eggygotg is then transferred to the patigetissvith the intent to establish a successful
pregnancy. The first successful birth of a "test tubheusd\Browwccurred in 1978. Prior to that,

there was a transient biochemical pregnancy reported by AustrSichiodtoesearchers in 1973

and an ectopic pregnancy reported by Steptoe and Edwards in 1976.

32


http://www.gynaeonline.com/uterine_cycle.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/implantation_bleeding.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/2nd_trimester.htm
http://www.gynaeonline.com/normpreg.htm
http://www.gynaeonline.com/first_stage_of_labor.htm
http://www.gynaeonline.com/contrap.htm
http://www.gynaeonline.com/infertility.htm
http://www.gynaeonline.com/treatment_female_infertility.htm
http://www.gynaeonline.com/treatment_male_infertility.htm
http://www.gynaeonline.com/treatment_female_infertility.htm
http://www.gynaeonline.com/internal_anatomy.htm
http://www.gynaeonline.com/anatomy.htm
http://www.gynaeonline.com/cervical_cycle.htm
http://www.gynaeonline.com/1st_trimester.htm
http://www.gynaeonline.com/cervical_cycle.htm
http://www.gynaeonline.com/cervical_cycle.htm
http://www.gynaeonline.com/cervical_cycle.htm
http://en.wikipedia.org/wiki/Ovum
http://en.wikipedia.org/wiki/Fertilisation
http://en.wikipedia.org/wiki/Spermatocyte
http://en.wikipedia.org/wiki/In_vitro
http://en.wikipedia.org/wiki/Infertility
http://en.wikipedia.org/wiki/Assisted_reproductive_technology
http://en.wikipedia.org/wiki/Assisted_reproductive_technology
http://en.wikipedia.org/wiki/Assisted_reproductive_technology
http://en.wikipedia.org/wiki/Ovum
http://en.wikipedia.org/wiki/Ovary
http://en.wikipedia.org/wiki/Spermatozoon
http://en.wikipedia.org/wiki/Zygote
http://en.wikipedia.org/wiki/Uterus
http://en.wikipedia.org/wiki/Louise_Brown

In vitro (Latin meaningvithin thglass biological experiments involving cultivatioesobtitsde the

living organismwere carried out in glass containers suesikasstest tubesorpetri dishe§ermin

vitroused to refer to any biological procedure that is performed outside. thevimgaoistdure,

tissue remains inside the living organism within which it is normally found. A colloquial term for be
conceived as the result oftégFtube babiedHowevem vitrdertilisation ually performed in &hal

containers callBetri dishegmade aflass oplastigesing

Zygote intrafallopian transf@iF7 infertility treatmemiereblockage in tliallopian tubgsevents

the normal binding of sperm tegin&gg cellsemoved from womasvariesandin vitro fertilised
Resultinggzygoteplaced into thfallopian tubley laparoscopylhe procedure spffi of thegamete
intrafallopian trangfétFT) procedure. ZIBS & success rate of 64.8% in all cases.

Takes an averafige weeks to complete a cycle of ZIFT. First, the woman feudittakesdication

to stimulate eggpguction in the ovaries. The doctor will monitor growth of ovarian follicles, once they &
mature, woman will be injectedhwmtian chorionic gortemmns(hCG. Eggs will be harvested
approximately 36 hours later, ususiipdyaginal ovum retrieMaér fertilization in laboratory resulting

early embryos or zygotes are placed imtotae's fallopian tubes uapayoscope.

Gamete intrafallopian trans{@ F7) assisted reproductive technalgaysinfertilityEggs removed

from a woman's ovari¢ascqd in one of thallopian tubealong with the man's sperm. The technique,
which was pioneered by endocrinBlicgisto Aschllows fertilization to take place inside the woman's
body

Takesan averageffour to six weeks to complete a cycle of GIFT. First, the woman must take a fertilit
drug to stimulate egg productionawahesThe doctor will monitor growth of ovarian follicles, once they
mature, woman will be injectecHwiidn chorionic gonadotrdp®G). The eggs will be harvested
approximately 36 hours later, mixed with the man's sperm, and placed back inkaltbpiavoman's

tubesusingaparoscope

Intracytoplasmic Sperm Injection (IG8tmique in which a single spjeated into the centre of the

egg, in order to achiéssilizationSperm is collected from thle partner by masturbationgl&

healthy sperm then injected into the prepared ovum.

The advantage of this method is that only a single sperm- isveeeaheth with a very lownspe

count can become fathers with this tredenefoiund to be azoospermic, that is with no sperm at all in
the semen, sperm can be suctioned out of the vas deferens ( male tubes). Sperm can also be libe
from the testes itself by careful tedtioplsy and culture by a method called- MiE$@epididymal

sperm aspiration.

Prevention of Male Infertilityndescended testes shoutcebéed at the earligsting infancy before
testicular function is damaged. Infections by mumps\antestbkould be managed by keeping a
watchful eye on complications in the testes.

General Facts About STDs
Sexually transmitted diseéalss called STDs, or STIs for sexually transmitted:ififiections)
transferred from one person to another through sexual contact. According to the Centers for Dise:
Control and Prevention, there are over 155irilioasesported annually in the United States.
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More than 25 diseases that are transmittgtl gexwwal activity. Other than HIV, the most common
STDs in the United Stateschl@mydjagonorrheasyphilisgenital herpeBuman papillomavirus
hepatitis Brichomoniasiandbacterial vaginasfglolescents and young adults are the age groups at
greatest risk for acquiring an STD. Approximatein b@wnitfections occur each year, almost half
of them among people ages 15 to 24.

Some STDs can have severe consequences, especially in women, if not treated, which is why it is
important to go 8FD testinggome STDs can leagélvic inflammatory diseadech can cause
infertilitywhile others may even be fatal. STDsprandmged hrefraining from sexual actanty,

to a certain extent, s@oetraceptive devices;h agondoms.

Specific STDs: An Overview

Human Papilloma Virugiought to be one of the main causeiwichl cancédths been linked v
other types of cancers of female reproductinetdip$tean be treated to rezsigne and symptol
Currentlyo cure for this vild®V vaccimecently developed to prevent HPV infection.

Herpes VirusSTD that presentlithno cureTreatmeravailableHomeremedies &aturatreatmer
available Herpes symptonmelude blisters or sores that periodically break out on tHeefe

FAQs

Hepmtitis: To cure for those already infectddpatitis B (HBY¥§ccine available to prevent spr
this infection. Many are asymptomatic, however those who délepétigrBrsymptomey hav
many unpleasant discomflofesctionrmay clear up on its o8eme peoplmaysuffer from chro
infections for many yea@rsatmeravailable for chronic sufferers. Other types of hepatitis inf
can be passed through sexual contactlitepatiés And Hepatitis C.

HIV/AIDSMost dreadeSTD New ways dfeatinghis infection significantly prelanginfecte
person's lifeoFmany this infection eventually progresses to AIDS and, ulitmately, deatt
million people worldwide are infectéduewitlv virus; women account for 50% of those infect

Syphilis: Throughout history, casesyphilihave been record€idn easily bgeatedand curet
Without treatmeslyphilis symptorman progress and affect the nervous system and brain
dementia and even death.

Trichomoniasismost common, curable SHasveversymptomsnay be mistakdar a yea:
infection causimgmen to use wrong typreeafmerfor her vaginal discharge.

Common InfectionShlamydiandgonorrheaften infect a person at the same time. Alth
symptoms of chlamate different fraranorrheaot unusual fperson to be asymptomatestih¢
for chlamydigood idea test for gonorrhddoth STDsao be cured but can damage repro
system if left untreated.

Pubic LiceCrabsare very similar to head lickeysymptomean be &rd to mis3reatmerfor pubi
lice can easily take care of the discomfort these pests can cause.

Rare InfectionsGranuloma inapale and chancroid Other lessa¢alked about STDs inc
nongonococcal urethamidmollusum contagiosum
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KNOW THE SYMPTOMS OF STDs

Men
¢ Swelling or tenderness in genital area.
¢ Blisters ,sores or bumps around the mouth or genitals.
¢ Fever,chills and aches.
¢ Unusual itching.
¢ Burning sensation when you pass urine or move your bowels.
¢ White,watgior yellow disharge from the penis.
Women
¢ Have fewer symptoms than men, often none at all. STDs can lead to cancer. Women should wz
for

Bleeding that is not part of their period.
Pelvic or vaginal pain.
Discharge from the vagina.
Painful urination.
Urusual rash, sore or growth in titalgerea.
DONG6T LET STDs TAKE YOU BY SURPRI SE
Pelvic Inflammatory Disease Overview
Pelvic inflammatory disease (PID) is infection of a woman's reproductive organs. Infection spreads ug
from the cervix to the utdfaliopian tubes, ovaries, and surrounding structures
Pelvic Inflammatory Disease (PID) Symptoms

O 0 0 O 0

If a woman has PID, she may have any of these symptoms:
e Abdominal pain (especially lower abdominal pain) or tenderness
« Back pain
e Abnormal uterine bleeding
e Unusual or heavy vaginal discharge
 Painful urination
« Painful sexual intercourse
e Symptoms not related to the female reproductive organs include fever, nausea, and vomiting.
PID symptoms may be worse at the end of a menstrual period and dexegatiaafisstalowing
a period.

Ectopic Pregnancy Overview
Pregnancyhat develops outside a woman's uterus {iMoenbihe fertilized egg from ovary does not
implant itsatbrmally in the utefaggdevelops somewhere else in the abd&mbroncepticaare
abnormaind cannot develop into a.fetus

« Common ectopic pregnancy in fallopian tubale@obal pregnarcylso found on the
outside of the uterus, on the ovaries, or attached to the bowel.

o Complication of ectopic pregnancy iabdtiainaghemorrige (severe bleedindgg. tubal
pregnanctheproducts of conception cortitaugrow in the fallopian tube, tube expands and
eventually ruptures. This can be very dangerous because a large artery runs on the outside
each fallopian tube. If theyartgatures, you can bleed severely.

o Ectopic pregnancy usually found in th&Gixge&ks of pregnancy
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INFERTILITY IN HUMAN: Causes & Consequences :

IN MALES

IN FEMALES

Oligospermia: Low sperm count

Anovulation: Absence of ovulation.

Azspermia: Absence of sperm.

Oligoovulation: Deficient ovulation.

Asthenozoospermia: Low sperm motility

Hyperprolactinemia: Ovum remain trap

inside the follicle.

Teratozoospermia: Defective sperm
morphology.

Idiopathic Infertilfgilure or abnormal

fertilization.

Cryptorchidism:Failure of Testes to des
the scrotal sac.

Tubal Infertility: Damaged/ligated falloy

tube

COMMON SEXUALLY TRANSMITTED DISEASES (STDs)

SL. STD CAUSAL SYMPTOMS EFFECT ON EFFECT ON PERSON
NO. AGENT FOETUS AFFECTED
1 CHLAMYDIOSIS | Chlamydia Painful urination | Premature Pelvic inflammatory
trachomatis | & intercourse birth,blindness, | disease, Infertility,Ectop
Mucus dischargg Pneumonia pregnancy
from
penis/vagina
2 GONORRHOEA | Nisseria Painful urination| Still birth, Pelvic inflammatory
gonorhea in men Blindness disease,
Infertility,Rash,Death
3 TRICHOMONIASIS| Tricomonas | Inflammation, Not known Valvar erythema, Burnin
vaginalis Itching& vaginal dysuria
white discharge
(Leucorrhoea)
4 GENITAHERPES | Herpes Genital sores, Still birth, Brain | Cervical cancer.
simplex virus | Fever damage
5 SYPHILIS Trepanema | Initially sores in | Premature birth, | Death
pallidum genitalia & Miscarriage, Still
mouth, birth
Rashes
6 GENITAL WART | Human Warts on Not known Cervical cancer
papilloma genitalia
virus
7 HEPATITIB Hepatitis B Fatigue, Fever, | Low birth weight | Liver cirrhosis, Liver
virus Jaundice, Rash, cancer
Abdominal pain
8 AIDS HIV Fever, Prone to | AIDS affected Dementia, Death
infection,
Inflammation
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IMPORTANT NOTES

e I ndian population is identified as 06Young
, Germany etc. are identified as O6Ageing po

¢ InIndia, Kerala has lowest Birth rate & U.P. highest.

¢ Deficiency of Manganese causes infevtitaynin E is considered as Antisterility Vitamin.

e 11hJuly celebrated as World Population Day.

e Every 1®Bperson in the world is an Indian.

¢ Main objectives of National Population Policy, :2@fukaton stabilization, compulsory

school educatioaduce infant mortality rate, decrease fertility rate, promote delayed marriage,
incentive for sterilization, restrain child marriage etc.

e Kerala declared as the 6 First baby friend
2002.

¢ |pills ointelligent pills are Emergency Contraceptive pills that should be used in emergency
only.Frequent use of it may bring ovarian damage & Menstrual problem.

e Contraceptive Corn: Scientists have produced a genetically modified corn crop which produces
antispan antibodies &suggest that a plant based jelly may be prepared which will prevent
pregnancy gpread ddTDs simultaneously.

IMPORTANT TERMS TO REMEMBER

AMNIOCENTESF®etal test based on chromosomal pattern in amniotic fluid surrounding the developir
embryocan be used for sex determination.

LACTATIONAL AMENORiBsence of menstruation due to disruption of ovulation during the period of
intense lactation following parturition.

INTRA UTERINE DEVICES(IWDwedical device of insertion of artifigel inathe uterus through

vagina for obstructing sperm entry.

STERILISATIOBurgical interventionstmppingregnancy by blocking gamete transport pathway in
male/female.

ASSISTED REPRODUCTIVE TECHNOLOGIEZS{#iEia)technological devicesahdeecouples to

have childremhen fail thég get child due to any reproductive disorder.

ARTIFICIAL INSEMINATI®KNdical technological devices by which semen collected from a healthy
donor is artificially introduced into the vagina or uterus of female.

ETIOLOG%tudy of causes of diseases.

PROPHYLAXIBrevention of diseases.

EPIDEMIOLOGXode of transmission of diseases.

RECANALISATIOAitachment of cut Vasa deferentia with plastic tubes during Vasectomy.
CASTRATIOISurgical removal of Testes.

POPURTION CRASRapid decline in the population.

POPULATION EXPLOSIRApid increase in the population.

AGE COMPOSITIMiative abundance of the organisms of different ages in the population.

INVITRO FERTILISATIOMtificial technique of fusion of garoetside the body in laboratory
condition, in almost similar conditions as that of the body.

INFERTILIT Yhability of a couple to produce children in spite of unprotected sexual cohabitation.
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Chapter 5 : Genetics

Relationship between genes and chrnoeenokdiploid organism and the terms used to describe them

alleles of same gene

"1 §
T ¢
!
. .> different genes
a Y

loci _|

remozygous dominant alleles

hetferozygous alleles

hoemozygous recessive alleles

Know the terms

Terms Meaning Example
Locus Address/ location of a gene in a chromosor| T,A.b,d etc
Allele Allelomorphs= alternative form of agene | T andt OR A and a et

Homozygous | Both alleles of a gene at a locus similar AA or aa

Heterozygous | Both alleles of a gene at a locus dissimilar | Aa or Tt etc

Homozygous | Both alleles of a gene at a locus similar & | AA

Dominant dominant
Homozygous | Both alleles of a gene locus similar & aa
recessive recessive
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Mendel's first law Law of dominance )characters are controlled by discrete units calletegenes
which occur in pair hieterozygous condition only ondhgeng dominant can expresH.i{Can be
explaing by monohybrid cross)

Mendel's second lafaw of segregation): The two alleles recawdbm each paresgigregate
independently in gamete formation, so that each gamete receives one or the other with equal proba
(Can be explained by mdorathgross)

Mendel's third lawlaw of recombination): Two characters determined by two unlinked genes are
recombined at random in gametic formation, so that they segregate independently of each other,
according to the first law (note that recombieatiis not used to mean crasg&@ngn meiosigLan

be explained by dihybrid cross)

This is what Mendel sagli(nmary) :
1)Dominanalleles overpower recessive alleles. Dominant traits overpower recessive traits.
2)Rule o$egregation (Separatipametes (sex cells) only receive one allele from the original gene.
3)Rule olhdependent assortmefiine trait will not determine the random selection of another.
Incomplete dominan@éhenone allele of a geisaot completely domirardr the ber and the F1
hybrids aretermediate between two parents. The phenotypic and genotypic ratio is same.1:2:1 in
generation. E.g. Snapdragéntiorhinum majus
Co dominancéwo alleles of a geneeayeally expressaeddominariha generaticmgHuman blood
group
(Note :Human blood grasmlso an example for multiple allelisim i,e when a ganma@edtsan
two allelidorns)

Basic outline of Mendels cross
1. Pure breeding parents for a pair of contrasting character (allelic Pagr) is tak
e.g,Tall purbred pea plants (TTh&rt purbred pea plants (tt)

N

. Gamete formation (Meiosis)
3. Hybridization (crossing is done)
N
4. F1 generationthe product of the above cross (are called hybrids)
5. Selfing (allowed to self fertilize / self bneg)

6. Gamete formation (Meiosis)

7. F2 generationthe product of the above selfing

8. Analysis of result (Phenotype and Genotype)
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Linkage

Tendency of genes same chromosome to remain together
Such genes are calldithked genes.

Linked genes prasenly parental types

AN B
o~ = B C ~ =
= = ) = = )
ah o AR linked a A linked
bty @ /B —— — s 0enes b B genes
binz L1/ 2V I8 Bint  binz {TUS “Bin1 binz || [l Bin1
— & +— — || o — — | |
bind4 |€ gl bin3 bin3 [g] |E] bind bin3 |C €| bin4
—_ — —
E Zl |a
— |b
L]
=
5 A
Recornbination 9 £ - . E
Frequency — | @ binz bin1

Between Genes

[ A1 —
bin3 bind |E

(e

Gametes

Figureschematic of Genetic Linkage and Recombination

(A) Two homologous chromosoiles: (paternal) andrange (maternal). Threengs with
separate alleles and linkage " noted (A,a; B,b; C,c;).

(B) Crossing over during meipsis.

(C) Two alleles and their linked genes have switched locations via recombination. Four additio
alleles and their associated (A,a; B,b;) have not switeghedresndieaed linked.

(D) Recombined haploid chromosomes segregate separately during meiosis as gametes bef
fertilization.

(E) Sample recombination frequencies between genes demonstrating higher rates of recombina
for genes further apart.
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Cross

Result oF2 generation

Phenotypic ratio

Genotypic ratio

Monohybrid Tt X Tt 3:1 1:2:1

Dihybrid cross 9:3:3:1 1:2:1:2:4:2:1:2:1
YYRr X YyRr

Incomplete dominance 1:2:1 1:2:1

Rr X Rr

Co Dominance and multiple allelisim

Blood group Possible genotype
A NAOR A

B IBIEOR i

AB IAB

0] i

Crosses of blood group (CO DOMINANCE)

Blood group Possible genotype Possible phenotype
AXA [AIA X IAIA A
[AA X 1A A
A X A A;O
BXB [BIBX PBIB B
[BIBX Bi B
B X Hi B; O
AB X AB [AIBX [AIB AB: A; B
OXO0O i X i O

POSSIBLE BLOOD GROUP OF PROGENY WITH RESPECT TO THE BLOOD GROUP OF PARENT

Parent

Progeny

|
AYX A

AXO

AXB

+ |+ |+ (>
1

BXB

BXO

AB XA

AB X B

ABX O

AB X AB

++|+|+]
+lH |+ |+ |+ ]|+

+ -

Oo0XO

- +

KEY

+= POSSIBLE

-= NOT POSSIBLE
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Sex determination and sex chromosome

Organism Male Female
Human beings XY XX
Birds Y4 ZW
Insects XO XX

Pedigree Analysis
Pedigree is a chart of graphic representatondodfrinheritance of a trait through several generations
in a family
Symbols usedefer NCERT Text Book
Four patterns of inheritance

AUTOSOMAL DOMINANT AUTOSOMAL RECESSIVE

1. Traits are controlled by dominant genes 1. Traits controlleg recessive genes an

2. Both mak and females are equally affecte appeaonly when homozygous

3. traits do not skip generations 2. Both male and femedgially affected

4. e.g. polydactyly, tongue rolling ability etc 3. Traits may skgenerations
4. 3:1ratio between normal and affected
5. Appearance of affected children from

normal parents (heterozygous)

6. All children of affected parents are als

affected.
7. e.g-Albinism, sickle cell anaemia etc

pormal O
O

O
OO0 o m

Autosomal recessive pedigree

Inj

Normal
I Female o_

=<{I 0

Siblings

TAeeea

amodel of pedigree chart

oL 10

0 5
TRty | Sk e

A 'typical' autosomal dominant pedigree x-chromosome linked pedigree
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Now try to answer
1. Is it possible that this pedigree is for an autosomal dominant trait?

ot

2. Can tw individuals that have an autosomal dominant trait have unaffected children?

T

3. Is it possible that this pedigree is for an autosomal dominant trait?

a

4. Is it possible that this pedigree is for an autosomal dominant trait?

n

5. Is it possible that fesligree above is for an autosomal recessive trait?

6. Assuming that the trait is recessive, write the genotype of each individual next to the symbol
A = normal
a = the trait (a genetic disease or abnormality)

iaen

Is it possible that the pedigree abovansafdosomal recessive trait?
Write the genotype of each individual next to the symbol

o

9. Is it possible that the pedigree above is for an autosomal recessive trait?

)

10.s it possible that the pedigree abforeais Xinked recessive trait?

11 Write the getype next to the symbol for each ;jerson in the pedigree

© N

12.s it possible that the pedigree abfwreais Xinked recessive trait?

3

13.Is it possible that the pedigree abforesis Xinked recessive trait?

.ID



14 s it possible that the pedigree abforeais Xinked recessive trait?

15.s it possible that the pedigree atfovarsXinked recessive trait?

16.is it possible that the pedigree adovaisdinked recessive trait?

Clues
Affected Unaffected
Autosomal Dominant | AA aa
Aa
AutosoméaRecessive aa AA
Aa
X-chromosome linked | X X XX
recessive XY X X
XY

TERMINOLOGIES

Allele= A factor or letter that makes up a gene. 2 alleles make up one gene. Alternative forms of a gel
locus a single allele for each locus is inherdemtedgdrom each parent (e.g., at a locus for eye color
the allele might result in blue or brown eyes).

Alleles= "B" and "b" are different alleles.

Autosomak refers to genes that are not found on the sex chroAgssoesl chromosomes are

ones thiaare notXX and XY. éhromosomeot involved in sex determinationdiplbedhuman
genomeonsists of 46 chromosomes, 22 pairs of autosomes, asdxXlLghaombsomiise X and Y
chromosomes).

Carrier= a person who has a defective gene anshanDoormal gene and therefore, is.r{bimal
Centimorgan (cMX unit of measurere€ombinatidrequency. One centimorgan is equal to a 1%
chance that a marker at one gdoetiswill be separated from a marker at a second locus due to
crossing @vin a single generation. In human beings, 1 centimorgan is equivalent, on average, to 1 mill
base pairs

Chromosomes 46 are found in human cells. Genes are carried among chromosomes.

ClonesA group of cells derived from a single ancestor.

Cystic Forosis= Autosomal recessive. Mucous in lungs... Death in the 20s.

Dominance ¥ hi s is one of Johann Gregor Mendel ds p
notices that pure tall plants bred to pure short plants resulted in tall Tgbnesglavdas. dominant
overshortness.

Dominant an allele that overpowers another is dominant.

Down's Syndronre due to an extra chromosome. (21st pair).

Gamete= sperm or egg. Germ Cell. In humans, germ cell contains 23 chromosomes.

GeneticsThe studgf the patterns of inheritance of specific traits

Gene= Every trait is controlled by a gene. A human has 20,000 genes. Genes are controlled by 2 fac
called Aall el eso. Each allele comes from a pa
Genotype= All the genes of a beastie equahibiy e of the beastie. (Genes an organism possesses)
GenomeAll the genetic material irctihemosomes a particular organisiregenerally given as its

total number lohse pairs

Germ CellAn egg or sperm cell. A gamete. In humans, a getiairce28@hromosomes.
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Haploid=A single set ofiromosoméhalf the full set of genetic material), present in the egg and sperm
cells of animals and in the egg and pollen cells of plants. Human beings have 23 chromosomes in
reproductive cells.

Hamophilia= seXinked recessive. Males get it most often.

Heterozygous means alleles of a gene are "different".

HeterozygosityFhe presence of diffeadietesat one or molecionhomologous chromosames

Homozygous alleles of a gene are "the same™

Homologous chromosome&:pair oEhromosome®ntaining the same liggEaresequences, each

derived from one parent

Huntington's Chorea Autosomal Dominant. People die at 40 +... Jerky muscular motions

Hybrid= alleles of a gene are "different"delhgtrozygous.

Independent Assortmefitth i s i s J o h a n'hprinGpleet&tes that Mleles dfeoheégene 2
separate independently from alleles of anothe
ability to roll his or herueng

In vitro:Outside a living organism.

KaryotypePhotomicrograph of an individhatenosomesranged in a standard format showing the
number, size, and shape of each chromosome type;

Linkage:Proximity of two or mgemeson achromosoméhe cleer together tiyenesthe lower the
probability that they will be separatednokiosgnd hence the greater the probability that they will be
inherited together.

Linkage mapA map of the relative positions of gecieticachromosomeetermad on the basis of

how often the loci are inherited together. Distance is naagumelgans (cM)

Locus (pl. loci)The position orceromoson® ageneor other chromosomarkeralso, the DNA at

that position. The uskofiss sometimes tasted to mean regions of DNA tletpeessed

Meiosis= the kind of cell division that produces sperm and egg. Meiosis cuts the number of chromosol
in half. In humans, for instance, the nuclei of body cells contain 46 chromosomes. &uecits meiosis, s
carry only 23 chromosoim@se chromosome from each original homologous pair.

Mendel, Johann GregoiThe father of genetics (said that traits are controlled by 2 factors etc...)
Mutation= Change in the DNA instructiGhange in DNA sequenChange can be beneficial,
detrimental or neuttdifimately results in change in protein. For instance, random genetic mutation gav
rise to the dark phenotype of the peppered moth.

NonDisjunction:When homologous chromosomes fail to segregaye doropgrmeiosis. Down
syndrome, Turner syndrome and Klinefelter syndrome resdisjomictioan

Phenotype= the way an organism looks.( EXTERNAL CHARACTERISTICS)

Recessive= A small, weaker allele is recessive. (CANNOT EXPRESS ITSELF IN HETEROZYGOL
CONDITION)

SegregatiorrOn e of Mendel 6s principles. Mendel said
each parent. Chromosomes segregate during meiosis. These factors (alleles) of a gene separate durir
formation of gametes (sperm andTégg)ensures that each parent contributes 50% of their genetic
information.

Sex chromosomes chromosomes that determine sex (XY and XX)

Somatic Cel Body cell that contains 46 chromosomes in humans.

Tay Sachs Autosomal recessive. Children diekleadgenlarges....

Trait= is a feature of an organism.
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Questions
1 Mark Questions

Q1. Mendel 6s work was rediscovered by three s
Q2. How do we predict the frequency of crossing over between aggn@&glinked
Q3. Why did Mendel select pea plant for his experiment?
Q4.In amonohybrid cross the genofypmlcphenotypic rasol:2:1. What type of Inheritante is
example ofGive one example
Q5. If a human zygote has XX¥somosomes along witha®3 oauosomes. What sex will the
individual be? Name the syndrome
Q6. Which of the following is a dominant & recessive trait in garden pea
Tall stem, constricted pod.
2 Mark Questions
Q7. A mother with bloodAg@r dap h@eBoiBad Ad .f etExP
Q8. The genes for hemophilia are located on sex chromosome of humans. It is normally impossible
hemophilic father to pass the gene to his son. Why?
Q9. Justify the situation that in human beings stwdigidetermined by father and not by mother?
Q10. What is trisomy? Give one example.
3 Marks Questions
Q11. A man with AB blood group marries a woman with AB blood group.
0] Work out all possible genotypes & phenotypes of the progeny.

(i) Discuss the kinddoimination in the Parents & progeny.

Domination in Fath€o dominance
Domination in progeByminance
Q12. Enumerate points to estgimrallelism between chromosomes & genes.

Ansl12. Refer Pg 82 NCERT Book (3)
Q13. What is OPedigree Analysisd ? What are t
Ansl13. Refer Pg87,88 of NCERT Book 3)

5 Marks Questions
Q14 A dihybrid heterozygous rogeltbw seeded garden pea was crossed with a double recessive
plant.

(1 What type of cross is this ?

(i) Work out the genotype & phenotype of the progeny.

(i) What principle of Mendel is illusbypie ?

Ans14. Test Cross 1)
Working out (3)
Principle of segregation (1)

Q15. Describe the nature of inheritance of the ABO blood group in humans. In which ways does
inheritace differ from that of height of the plant in garden pea?
Ans15. Refer Pg 77 NCERT Book (3)

Dominance & multiple allelisere as height shawesminance (2)

46



O)x O)¢

O)x )¢

OO O)XOXO)X O O) O

Chapter 6. MOLECULAR BASIS OF INHERITANCE

DNA largest macromolecule ache of helically twisted two, antiparallel
polydeoxyribonucleotide chains held together by hydrogen bonds.
Xray diffraction pattern of DNA by Rosalind Franklin showed DNA a helix.
Components of DNA are (i) deoxyribose sugar, (i) a phosphatgpged @aptaining organic
bases.
DNA contains four different bases called adenine (A), guanine (G) cytosine (C), and thymine (T).
These are grouped into two classes on the basis of their chemical structure: (i) Purines (with a dc
ring structure) afjl Pyrimidines (with a single ring structure)
1953.James Watson and Francis Crick proposed three dimensional structure of DNA
DNA double helix with sugar phosphate back bone on outside and paired bases inside.
Planes of the bases perpendiculaxtaxieli
Each turn has ten base pairs{) 34 A
Diameter of helix 20 A
Two strands of DNA antiparallel.
DNA found both in nucleus and cytoplasm.
Extranuclear DNA found in mitochondria and chloroplasts.
Two chains complementary
Two chains held togetherytdyolgen bond.
Adenind hymine pair has two hydrogen bonds.
Guanin€ytosine pair has three hydrogen bonds.
Upon heating at temperature ab@gxggree two strands uncoil and separate (Denaturation)
On cooling two strands join together (renaturaadingann
DNA is mostly right handed and B form.
Bacterial nucleoid consists of a single circular DNA molecule .

PACKAGING OF DNA HELIX

# DNA of eukaryotes is wrapped around positively charged histone proteins to form nucleosome.

# Nucleosome contaid® Rase pairs of DNA helix.
# Histone octamer =2(H2a+H2b+H3+H4)
# Linker DNA bears H1 protein

# Chromatin fibfesmed by repeated units of nucleosomes.

# Non histone proteins required for packaging.

# Regions of chromatin, loosely packed and dtacadlegrtuchromatin.

# Regions of chromatin, densely packed and stains darkly is called heterochromatin.
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DNA AS THE GENETIC MATERIAL

Transformation experiment or Griffith effect.
A Griffith performed his experiments on Mi¢#plscarcysieumoniae
A Two strains of bacteria aygp& and ®/pe cells.
A Experiments

Living Strairinjected inticeY Micekilled
Living Rtraininjected intmiceY Mice lived
Heat Killed-Srairinjected intmiceY Mice lived

Living Rtraint Heat Killeds®airinjected inmicd’ Mice killed

# Grffith concluded that R type bacteria is transformed into virulent form.
# Transforrtian is the change in the genetic constitution of an organism by picking up genes present
the remains of its relatives.

BIOCHEMICAL CHARACTERISATION OF TRANSFORMING PRINCIPLE
# Proved by Oswarld Avery, Colin Macleod, Maclyn Mc Carty

Heat killed (S)type
Streptococcus
pneumonia bacteria

Cell component
separated
1 1 1 1 1 1
Carbohydrate+ Protein+ RNA+ RNA+RNA ase DNA+ DNAase DNA+
LiveR type live R type LiveR type tliveR type tliveR type LiveR type
e

From this wewclude that DNA is the genetic material.
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Semi cagervative nature of DNA Matlesaeldon and Franklin start.

Grown on'® NH,Cl culture
medium

Both strands of DNA havEN
(N'° N 5)

Shifted to*NH,CI culture
medium

After | Hybrid/ Intermediate type
of DNA (N°N')

A

DNA extracted subjected to
CSCI density gradient
centrifuaations

20 min.

Equal amount of light DNA
| (N**N*) and hybrid DNA
40 min. (N15 N14)

After

8. 3 Replicatioof DNA In Eukaryot&sefinition: Fécess by which DNA preslulaughter DNA molecules

which are exact copies of the original DNA." In eukaryotes, DNA is double stranded. The two strands are
complementary to each other because of their base seguizweservative method of DNA replication
Important points:

(i) Most common method of DNA replication.

(ii) Bkes place in the nucleus where the DNA is present in the chromosomes.

(i) Replication takes place inphas® (synthesis phase) of the interphase nucleus.

(iv) 2oxyribose nucleotides needed fatiéorraf new DNA strands are present in nucleoplasm. At the time of
replication, the two strands of DNA first separate. Each strand theematissas the formation of a new
strand. A new strand is constructed on each old strand, anddertieahdtylble stranded DNA molecules are
formed. In each new DNA moleoélestrand is ol@original) while tb#her is newly formedience, Watson

and Crick described this meth@dragonservative replicatiorfA) An overall process of DNA tieplica
showing replication fork and formation of new strands template and lagging template.
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The various steps involved in this process are summarized as follows:

i. Mechanism of replication starts atifispemt of the DNA molecaliedrigin

ii. At origin, DNA strand breaks becausaai$ian(nick). This is made by an enzymeiceaibésh enzyme
(endonuclease).

iii. The hydrogen bonds joining the two strands are broken by the enzyme.

iv. The two strands stiamvinding This takes gk with the help oDAA unwinding enzyme Helicageg
polynucleotide strands are thus separated.

v. The point where the two strands separate appears like YastmabeiThis is described amseplicating

fork

vi. A new strand is constructedan old strand. This takes place with the help &MNAsprathemolecule

which is complimentary to the DNA at that point.

vii. Each old DNA strand actderalatdsite) for the construction of new strand. The RNA primer attaches itself
to the d strand and attracts the enzipNéggolymerasell) which add new nucleotides thimaggh
complementationThe deoxyribose nucleotides are presensimrounding nucleoplassw. DINA strand is

thus constructed opposite to each old strand

viii. Formation of new complementary strand always begins at the 3' end of the template strand (original strand)
progresses towards the 5' end (i-5irdBection). Since the new strantparalleto the template strand, it is

obvious that the nevarstritself is always developed in-Ba@lifgction. For this reason when the two original
strands separate (then with respect to the origin of separation), ebldeanfdate @hile the other acts as 5'

3' template.

ix. Of the two, the repboadf 35' template begins first. Hence the new strand formed on it isadiihed the

strand The other template3(b'must begin replication at the fork and progress back toward the previously
transcribed fragment. The new strand formecetitigagging strand

X. Replication of the lagging strand takes place in small fragn@@kdzadalfealgmentdhese are then
connected together by the eniyase.

xi. Replication may take place in only one direction on the DNA twxalumdire two directions
(bidirectional).

xii. At the end of the process, two double stranded DNA molecules are formed from the original DNA molecule.

Transcription in Prokaryotes

Promoter+ [ RNA polymerase ] With Sigma factor ]

Co ding Strand ]—~ Template Strand ]

A

{ Ribonucleotide ]

With the help of rho factor ]

[ Terminator

RNA ]
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Transcription in Eukastes

( RNA Polvmerase )
A 4

‘< DNA template strand )

@ranscripts (Exon + IntroD

Splicing

Introns removed

Exons joined (hn RNA)

A
\ 4

¢cAftAY3 -800 0 Q
Adenvlate residue)

[ F LAY i
(Methylated Guanine)

m RNA (Released from nucleus to
cytoplasm)

GENETIC CODE

Initiation
Codon AUG

Genetic Code

w/
@

Nonambiguodi®articular codon will always code for same amino acid.
DegenerafeNumber of codons can code for one amino acid.
Universal Specific codon codes for same amino dadyangsms.

Nonsense codon
(UAAUAG,UGA)

Non
overlapping
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Translation:
x  Process of joining of amino acids by peptide bond to form a polypeptide.

1. Activation of amino acids
o AA+ATP+E"9*2 AAAMPE+ PPi
o AAAMRE+RNAY AAtRNA+AMP+E

€

. Initiation N
e Small subnit (40s) of ribosome binds with mRNA.
e Charged t RNA specific for initiation codon reaches P site
e Larger subunit (60s) of ribosome now combines with-dORNA t
RNA™ complex in the presence of Mg

- /
/3. Elongation N

e Second-RNA chargd with amino acid ccupies A site of ribosome.

e Peptide bond formation between methionine and second amino
acids with the help of enzyme peptide transferase.

e WAD242YSa Y20S30XWSNI Y wb! Ay

o

4. Terminator

e Translation stops when non sense codons (Stop codons) reached
e Not RNA for stop codons (UAA,UAG,UGA)
e Synthesized polypeptide is released with the help of release facto

* AA Amino acid

*ATE® Adenosine Triphosphate

*B Pyrophosphate

AAS AMPE-Amino acid adenylate enzyme complex
AL t RNA Amino acyIRNA complex

LAC OPERON

*Discovered by Jacob anaoilla

*Experimented on E.coli.

Refer to figure number 6.14 of page 117 of text Book
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SWITCH OFF CONDITION

RNA polymerase can not access the structural
gene due to repressajoperator complex (ROC)

v
@riphn of the struc@
@me or protein formation)
SWITCH ON CONDITION
v
@ssor Protein+ Induc&@r
v
@or Inducer complex (RD

A

Structural gene accessed by RNA
polymerase (no blockage at operator)

v
Qnscription of StructuraD
(Enzyme/ protein formeD
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Methodologies of Human Genome Project

Sequence annotation (Sequence the
whole set of genome)

'

-Isolation of total DNA from the

Expressed sequence Tags

RNA)

(E

(Identifying all the genes Expressed

cell

-Fragmentation by restriction
endonuclease

\ 4
Fragments cloned in suitable host
BAC/YAC

\ 4
Fragments sequenced using
automated DNA sequences.

\ 4
Sequences arranged on the basis
of overlapping regions.

Addressthe
ethicallegal

and social
issue (ELSI)

Identification
of all genes
inhuman

Sequencing 3
billion base pairs
inhuman DNA

Storing

Goals of
HGP

Improving
toolfor data

Using

technologies
inother
sectors

analysis

informationin

A 4
Alignment of the sequences by
specialized computer based
programires
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Average gene consists
of 3000 bases

/ Total gers 30,000
Salientfeatures
of Human <2% gene codes proteil

Largest gene Genome

dvstrophic {
@osome has 231 gene

Application of Human genome project
- Identification of defective genes.
-: Opportunity to offer early treatment.
- Identification of genes that confer susceptibility to esgain dise
-: Prediction of protein that the genes produce.
-: Drug designing to enhance or inhibit the activities of the proteins.

TECHNIQUE FOR DNA FINGER PRINTING

x  Technique developed by Dr.Alec Jeffreys.
x Process is also known as DNA typing/DNA profiling.

4 1\

DNA extraction from the cells in high speed refrigerated centrifuge

v

Amplification of DNA content by PCR (Polvmerase chain reactions) )
v

s N

DNA fragmentation by Restriction endonuclease

. J

v
Gel electrophoresis

\. J

v
[ DouHe stranded DNA snlit into sinale stranded ]

v
Southern blotting (Transferring separated DNA to nylon or nitrocellulose sh]

v

( N\

Nylon sheet immerse in a bath having probes/marker* (Hybridisation)
+ J

4 N\

Nylon membrane pressed onrdy film (Autoradiography)

(. J

v
Dark band develops at probe site

Functions of 50%

discoursed genes
1inknown

3164.7 millions
Nucleotides

Repetitive sequences
contribute large portion

Chromosomel has
2968 gene

N

*Probes/ Markers are radioactive synthetic DNA complementary to VNTR
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QUESTION

ONE MARK QUESTION

1.Name the genetic material in TMV.

2.Write the scientific name of the plant on which Taylor et al performed their experiment.

3.Wilat would be the proportion of light and hybrid density DNA molecules after 80 minutes of a si
cell of E. coli growth?

4.When does DNA replicate in the cell cycle ?

5.Name the amino acids having only one codon.

TWO MARK QUESTION

1.What is mednt semiconservative nature of DNA replication?

2. What are the functions of DNA polymerase?

3. What is frame shift mutation ?Name the type of mutation that does not affect protein synthesis .
4. What are the untranslated regions (UTRs) ?

5.Briefly descripelymorphism.

THREE MARK QUESTIONS

1.Describe the discontinuous synthesis of DNA.

2. How i s Ledaxn @ pierrcaen AB.wd d Icih

3.Name the three RNA Polymerases found in eukaryotes and mention their functions.

4.Explain the two major approavlaged in the sequencing of genomes.

FIVE MARKS QUESTIONS

1.Describe the salient features of the double helical model of DNA.

2. Bring out the salient features of genetic code .

3.Describe in detail the steps in the technique of DNA finger printing.

4.Describe the process of replication of DNA.

5. What is satellite DINlarde their types. Mentionlihsis for the classificatiosatellite DNA.
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CHAPTER: EVOLUTION

Evolution: Process that results in heritable changes in a population spraay geeerations
(change in allele frequencies over time) leading to diversity of organisms on earth. It is the
in a population or species over generations( Genes mutate, individuals are selected, an
evolve).

Evidences of evolon:

From comparative anatonyomparison of body structures amongst different species come

jenetic cf
d popula

S under

comparative anatomy. Certain anatomical similarities among species bear witness to evolutionary hi

e.g. the same skeletal elements make up thes fofetiam, horse, whale and bat, but each of

them

performing different funchimwever, structural similarities in all mammals descended from al common

ancestory with prototype forelimbs are common suggestingCoompal@givanatomy confirms
thatevolution is a remodeling process. Ancestral structures that originally functioned in

one capa

become modified as they take on new fulhation® ent wi t h modi fi cat.

Homologous organs Analogous organs

Same basic structural plan and origin but Different structure and origin but same
different function function

It suggests common ancestry It do not suggests common ancestry
Indicates Divergent evolution Indicates Convergent evelution

Thorn of Bougainvillea Thorn of citrus and spine of Opunria
Tendril of Cucurbiis Tendril of cucumbers and tendril of pea
Flipper of seal, wing of bat, cats paw, human Wing of insect and wing of bird

hand

Vestigial organsfunctionless homologous organs that have no apgarennfoedain organism

ono.

(supposed to be remnants of organs that had been well developed and functional in their ancestral

but had become modified during evolution)
E.g. 1. Vermiform appendix in man,2. Pelvic girdle in python,3. Nictitatjhg Qoesbran tail
vertebrae in man.
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Divergent evolution

Convergent evolution

Origin of a variety of species from a common
ancestral form

Divergent evolution is the process of two or
more related species becoming more and more
dissimilar.

[ndependent development of similar forms and
features by unrelated organisms to adaptto a
similar environment

Unrelated species become more and more
similar in appearance as they adapt to the same

o . kind of environment
As they adapted to different environments, the

appearance of the two species diverged

Homologous organs supports it Analogous organs supports i

Divergent EvolutioriEvolutionary pattern in which two species gradually become increasingly different
This type of evolution often occurs when closely related species diversify to new habitats. On a large :
divergent evolution is responsible for the creation of the current diversity of life on earth from the first
cells. On a smaller scale, it is responsible for the evolution of humans and apes from a common pri
ancestoAdaptive radiation is oneample of divergent evolution.

Adaptive radiatiomiversification, over evolutionary time, of a species or group of species into

several different species or subspecies that are typically adapted to diffeGpupaai@ygatisms

diversify greathnd taken new ecological roles. (for exaD®isin's finches in the Galapagos

Island and Marsupials in Australia

Convergent EvolutiorfConvergent evolution takes place when species of different ancestry begin tc
share analogous traits becausshafrad environment or other selection pressure. For example, whales
and fish have some similar characteristics since both had to evolve methods of moving through the
medium: water.

Parallel EvolutionParallel evolution occurs when two speciesirelependently of each other,
maintaining the same level of similarity. Parallel evolution usually occurs between unrelated species tt
not occupy the same or similar niches in a given habitat.

Biological Evolution:

In the early 1800s French natudalin Baptiste Lamaseggested thatolution is a process of
adaptation , the refinement of charecteristics that equip organisms to perform successfully in t
environment.However, unfortunately we remember Lamarck for his erroneous yigatioof how ada
evolve (the inheritance of acquired characters).

Branching descent and natural selection are the two key concepts of Darwinian Theory of evolu
According to him all the species inhabiting earth today descended from ancestral spicies (descent
modification)and natural selection is the mechanism for such descent with modification. Natural Sele
states that a population of organisms can change over the generations if individuals having certain het
traits leave more offspring tham othizidualgesulting in a change in the populations genetic
composition over time.
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Stabilizing selectiofavors the norm, the common, average traits in a population .In nature, natural
selection is most commonly stabilizing. The average merpberdaifahewith intermediate body

sizes, have higher fitness than the extremes. Stabilizing selection culls extreme variants from
populations.

Directional selectioshifts the overall makeup of the populdideormg/ariants of one extreme

wihin a populatiddatural selection may be directional: it may favor, for example, smaller individuals ar
will, if the character is inherited, produce a decrease in average body size. Directional selection cou
course, also produce an evolutinoggse in body size if larger individuals had higher fitness.

Disruptive selectigrike directional selection, favors the variants of opposite extremes over intermediat
individuals. Disruptive selection differs in that sudden changésimiateates a sudden force
favoring that In nature, sexual dimorphism is probably a common example

Founder EffectA cause of genetic drift attributable to colonization by a limited number of individuals frc
a parent population. When few individuate eot@w habitat, genetic drift will more than likely occur.

The founder population is small and again the alleles present in this small population will not be
representative of the original poputatiation (from Latin, saltus, "leap”) is a duaiugs fcom one
generation to the next, that is large, or very large, in comparison with the usual variation of an orgal
The term is used for occasionally hypothesized, nongradual changes (esgiepiafesiatita)

that are atypical of, oategistandard concepts involved-Danemian evolution.

Natural Selectiorstates that a population of organisms can change over the generations if individual
having certain heritable traits leave more offspring than other individualsgieandmgnirthe
populations genetic composition over time.

Artificial selectionProcess by which humans breed animals and cultivate crops to ensure that future
generations have specific desirable characteristics.(In artificial selection, dieedess detarlile

variants in a plant or animal population and selectively breed them with other desirable individuals).

Big bang theoryStates that the universe began in a state of compression to infinite density, and that |
one instant all matter amergy began expanding and have continued expanding ever since.

Genetic drift Changes in the frequencies of alleles in a population that occur by chance, rather th:
because of natural selection.

Gene flowmovement of genes into or through a populatierbreeding or by migration.
Gene frequencyl he frequency in the population of a particular gene relative to other genes at its locus.

Expressed as a proportion (between 0 and 1) or percentage (between 0 and 100 percent).
Gene poolAll the gen@s a population at a particular time.
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HardyWeinberg principldn population genetics, the idea that if a population experienced no
selection, no mutation, no migration, no genetic drift, and are random mating,then the frequency of
each allele and theeffuencies of genotype in the population would remain the same (constant)
from one generation to the next generation.
p2+2pg+g2=1or(p+Qq2=1
Calculation of allele frequencies
Recessive traits: If the frequency of a recessive traityatichfiasosis or PKU is known, it is

possible to calculate allele frequencies and genotype frequencies using the Hardy Weinberg equatiol
its assumptions are as follows:
i. say 1in 1, 2500 Indian newborns have cystic fibrosis which meagsehey e f
homozygotes for this recessive trait is

g2 = 1/2,500 = 0.0004
ii. The square root of the frequency of recessives is equal to the allele frequency of the cystic
fibrosis allele

g = (0.0004)0.5 = 0.02
iii. Therequency of the normal allele is equahéofiequency of the cystic fibrosis allele

p=1q=10.02 =0.98105

iv. The frequency of carriers (heterozygotes) for the cystic fibrosis allele is
2pq =2 (0.9®.02) = 0.04 or 1/25
v. The frequency of homozygotes for the normal allele is

p2 = (0.98)2 = 0.96vi.
Thus the population is composed of three genotypes at the calculated fimgoepgmssaiormal =
0.96, heterozygousreers = 0.04, homozygous affected = 0.0004

Time period Name Brain capacity Remarks
1015 Mya Dryopithecus (ape like) East Africa, Asia; closely re
to chimpanzee
Ramapithecus (man like) Shivalik Hills; erect posture,
small canine
2 mya Austalopithecines ( cave dwellerg 500cc African Ape Man ; height 1.1
Homo habilis 700cc Tool Maker, Community Life
1.2 mya Homo erectus 800cc to 1300cc | Knew how to use fire, larger
teeth
100,00410,000 Neanderthal man 1450cc East and central Asia
mya
25000mya Homo sapiens 1650cc Modern man ; heightl.5 to ]
mts; flat face
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Synopsis of Human evolutibtajor Events during Geological Periods(Time scale):

ERIOD EVENTS
Precambrian: Origin of life, Oxygen evolution through photosynthesis

Cambria Flourishing of the invertebratesagecin algal diversity,
appearance of vertebrates.

Ordovician Plants begin to colonize land.

Silurian Increase in diversity of fish.

Devonian Amphibians appear

Carboniferous Extensive forest,doanice of amplaibs,increase in diversity
of insects,first reptiles appear.

Permian Age of reptiles begin

Triassic Dinosaurs evolve and spread, first mammal appear

Jurassic First bird and first flowering plant appear.

Cretaceous Domiance of flowering plants.

Tertiary Age of mammals begin

\Quarternary Evolution of human, Large mammals and birds bew’ extinct.

Organic Evolution Study Questions
1. Biological evolution is the cumulative changes that occur in a
over time.
2. The principle source of change (genetic variation) is due to this type of
chromosomal event.
3. Charles Darwin published his landmark book entitled
in 1859.
4. In hisdok, Darwin states that the origin of all life forms is due to random

5. Darwin premise that all humans, animals, and bacteria share a common distant
ancestor is explained with the concept of with

6. Similarities of the structures of between dissimilar species (ex: arm bones) are
called structures.
7. Darwinian Theory tells us that

+ = new species
8. NedDarwinian Theory tells usdraficial genetic mutations concentrated in a
population over time can result in the formation of new
9. List three characteristics that always provide a selective advantage.

61



Evolution Study Questions KEY

1.populatian

2. Mtation

3AiThe Origin of Specieso

4. chance.

5. descent modification.

6. homologous

7. mutability + natural selection = new species

8. species.

9.i. self defense ii. reproductive sucdessligjathering ability

Probable questions:

Short AnsweQuestions

1.Define evolution.

2.Explain the origin of the earth and atmosphere.

3 .Who conducted simulation experiments? What is the significance of this experiment? Explain
simulation experiment conducted to explain the origin of compEg@rgsmfom simple molecules.

Long Answer Questions

1.What are homologous organs? What is hokvblaigg® the homologous organs explain as an
evidence of organic evolution?

2.What are analogous organs? What is analogy?What do analogousiro@mias exptience of

organic evolution?

3.What are vestigial organs? How do they support the organidlanwudion four vestigial organs

in human being.

4.Briefly explain the idea of natural selectiorinthlstrgal melanisnor antibiotic resiste in

bacteria as example.

Ans.Prior to industrialization, the number and frequency of white peppered moth far exceeded that of
coloured peppered moth in Liverpool , England since the white moth got selective advantage over
variety to avoidegation by concealing in the lichen infested grey tree trunk. However, after the
industrialization, due to disappearance of lichen in a polluted ambience the dark peppered moth
selective advantage over white moth to avoid predation in theublagkd&ernice got reproductive
success due to directional seleati@duction in air pollution due to clean air legislation again lead to
reproductive success of the white variety. (edunssna)

5.What is geological time sddte®do you infer the evidence of evolution from it?

6.Discuss the evidences from morphology and comparative anatomy in support of organic evolution.
7.Comparative embryology gives no less a significant evidence in support of evolution than any c
branch of biology. Substantiate.
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1)
2)

3)

8.Fossils are the documentary evidences in support of evolution. Discuss.

AnsFossil record provides clear evidence for the evolution of species over time. It also documents
evolution of major new groups of organisnmmdviously existing organisms.Fossil records allow the
biologist to reconstruct the history of life on earth.

9.Justify the statement” Galapagos islands are the living laboratories of Evolution™.

AnsThe Galapagos island are home to 13 specat®®fwhich evolved on the Galapagos island in
isolation from other finches.New species of finches evolved from the single species that originally col
the island provide unique exanmgudemtive radiatiothus , supporting evolution.

10.What is HdyWeinberg equilibrivvifite the Harilyeinberg equation.

11.What is genetic drift?

AnsGenetic drift is the effect of chance.

Genetic drift causes random changes in allele frequencies over time. Genetic drift can cause s
populations to lose genei@mtion.It can cause the fixation of harmful, neutral or beneficial alleles.
12.Define founder effect.

AnsFounder effect is a genetic bottle neck that results when a small group of individuals from a la
source population establishes a new poaidtiom the original population.

13.What is gene flow?

Ans Gene flow is nothing but exchanging alleles between populations.

Gene flow can introduce new alleles into a population, providing new genetic variation on which evo
can work. Gene flmakes the genetic composition of populations more similar

14.Discuss Darwin's theory of Natural Selection.

AnsNatural selection is the effect of advantageous allele.

In natural selection(NS) , individuals that possess certain forms of an injpdtadiptemdto

survive better and produce more offspring than do individuals that possess other forms of trait. NS i
only evolutionary mechanism that consistently favors alleles that improve the reproductive success ¢
organism in its envirentn

15.Discuss mechanisms of evolution.

Ans . Genetic variation is the raw material of evolution

Individuals within the populations differ in morphological, behavioral and biochemical traits , many of
are under genetic control. Genetic var@atidespthe raw material on which evolution can work.

Evolution can be summarized as a three step process

Mutations and genetic rearrangements caused by recombination occur at random .

These random events then generate inherited differences in thsicshafadtetividuals in
populations.

Finally, mutation , gene flow , genetic drift and natural selection can cause allele frequencies to ch
over time.

Of the four mechanisms of evolutionary change, mutation, gene flow and genetic driftyare influence
chance events, while, natural selection is a random process.
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CHAPTER 8HUMAN HEALTH AND DISEASES

IMPORTANT QUESTION
1.How do saliva and tear help to prevent bacterial infection?
Ans:saliva and tear contain lysozymes.
-Lysozymes are thregmes which digest the cell wall of bacteria
-By lysing the cell wall, they kill bacteria and prevent their infection.

2. What is vaccination?How doesiit irelgucing immunity?

Ans: Vaccination is the process of introducing a pregaaatigenic protein of the pathogens or
weakened or killed pathoderthie body.

-The vaccines include quick multiplication of-Bnaplibdytes;some of them are stored as memory
cells

-The Bymphocytes quickly produced antibodies,which neuwrgigertiduring infection.

3.Write the full form of ELISA.Give an example of the clinical application of ELISA?
Ans:Enzyme Linked Immune Sorbent Assay.
-ELISA test is used in the diagnosis of AIDS;Repdtivther STDs

4 What are the advantagépeople being healthy ?

AnsWhen people are healthy,

a)They are efficient at work which consequently increases productivity and brings economic prosperity
b)Health increases longevity.

c)It reduces infant and maternal mortality

5 .a) Name thespective forms in which the malarial parasite gains entry into
i) Human body and
i) Body of female Anopheles
b) Name the hosts where the sexual and the asexual reproduction of malarial parasite occur respectiv
c) Name the toxin responsible foptearance of symptoms of malaria in humans.Why do these
symptoms occur periodically ?
Ans(a) (ISporozoite
(ifGametocyte
(b)-sexual reproduction in mosquito
-asexual reproduction in human body.
(c)Haemozoin
-Haemozoin is released when the RBCs rupture and release the pathogen
-some cells of pathogen enter fresh RBCs and reproduce asexually and repeat the cycle; hence
symptoms appear periodically .

6. Define innatenmunity. Name and explain the category of barrier which involves macrophages.
Ans.Innate immunity refers to all those defenceselgtimesmbich a person is born and are always
available to protect the bddigcrophanges form part of the cellular-haeieellular barrier includes

the following specialized cells; (i) Polymorphonuclear leucocytes. (i) Monocytes. (iii) Natural k
lymphocytes and (iv) Macrophaese cells phagocytose and destroy the invading microbes.
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7. What is meant byting H2L2 for an antibody? Name any four types of antibodies produced in
our/human body?

Ans.- Each antibody molecule has four peptide- €fainem, two are small and called light chains (L)
and two of them are longer and called heavy chagmcdHyritten as H2L2. The four types of
antibodies are IgA, IgE, IgG and IgM.

8. How do normal cells get transformed into cancerous neoplastic cells? Mention the differences bet
viral oncogenes and cellular oncogenes.
Ars. The transformation of nboaks into cancerous neoplastic cells is induced by physical, chemical

and biological agents collectively called carcinogens; they lose the property of contact inhibition.

Difference:

Viral Oncogenes Cellular Oncogenes

- These are the genes presetite oncogen - These are the genes present in normal ce
viruses, which effect oncogenic transform code for growth factors; when activated unde
the cells they infect. conditions, can cause oncogenic transformati

cell.

9(i) Explain metastasis. Why is it fatal?

(i) The lymphocytes are of two types Ballsd Why are they called so? (iii) A passiojurech a

road accident and required an urgent immune M&@irsgeuld be done?

Ans (i) Metastasis is the propof tumor cells, which get separated from a tumor, spread to different sites
in the body through body fluids and produce secondary tumors wherever they are lodged. Since seco
tumors are formed at several parts of the body, it is diffiegihdsdabatid treated; hence it is fatal.

(ii) Those lymphocytes which undergo maturation in the bone marrowedie whiled®se which

undergo maturation in the thymus are callisd T

(iif) Vaccine against Tetanus.
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Chaptef strategies foenhancement in food production

Animal Breedingbjectives

1.Improved growth rate.

2.Increased production

3. Improve Desirable Qualities.

4.Improved resistance to diseases

5.Improved resistance to adverse environmental conditions

Methodsi)lnbreedng:-Breeding betweeante breed foidgenerations.Egowspaffaloegoultryn
breeding depressiercontinued in breeding reduces fertility even proélusitigly outcross often
helps to overcome inbreeding depression
i) Outbreedingbreedinpetween unrelated anif@atsvo typeis

1.)Out crossingmating within the same breed but not having ancestors.

2.) Crossbreedingsuperior males of one breed are mated with superior females of another
breed to get betteogency.e.gcows of inferior breed with superidfisattialeis a new breed of
sheep developed in Punjab by crossing Bikaneri Eves and Marano Rams.

3) Interspecific hybridizatiemale and female animals of two different specieslaie gnat
mule is crossbreed of male donkey and female horse.
4)Control breedingt is done by artificial insemination and multiple ovulation embryo transfer technoloc
(MOET)
(a)Artificial inseminatiorsemen of superior male is collected and imjexctée reproductive tract of
selected female. The spread of certain diseases can be controlled by this method.
(b) MOET This is a technique for herd improvement. Hormones(FSH) are given to the cow for induc
follicular maturation and super ovulagorow is either mated with best bull or inseminated .1t is done in
cattlesheeprabbits etc.

Steps in Plant breeding

1 Collection of variabil#gollection and preservation of all different wild speetssclatives of
cultivated speciete. are also called germplasm collection.

2Evaluation and selection of pare@ermplasm is evaluated to identify plants with desirable traits.
3Cross hybridization among the selected pafBnts plants having two desired characters are
hybridized tget new hybrid having two desired characters.

4 Selection and testing of superior recombin&eisction of the plants having desired character
combinations.

5Testing,release and commercialization of new cull\avly selected lines are evaluatdgkifor

yield, agronontiaits, diseasesistance etand released into the market.

Green revolution Crop production.
White revolutiorr Milk production
Blue revolution Fish production

BiofortificatioABreeding crops with higher levels ofgroteamins and minerals e.g.vit C rich bitter
gourd,mustard,tomatotein rich beans lablab etc.
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SCP(Single cell proteilicrobes such as bactgdastalgae are treated in various ways and used as
food. Egpirulina can be grown in wastdfwatepotato processing plant)

Tissue culturecultured with any plant part exijgant.

Types

1 Meristem Cultur@Nhen apical part is taken and cultured.
Uses gRapid clonal multiplication

b)Production of virus free plants

c)Production of tsgenic plants

d)Germplasm collection

2. Protoplast culture and somatic hybridizalite plant celicking cell wall is protoplast. Fusion of
protoplast is done by Polyethylene glycol. Pomato is somatic hybrid of potato and tomato
3.Micropropagatiefissue culture technique used for rapid vegetative propagation of ornamental plan
and fruit trees

4.Somaclonélants obtained from single plants by vegetative propagation.

Questions
| MARK

Q1.Name two techniques involved in controlled breeatiegtexperi
Q2.What is blue and green revolution?

Q3. What is inbreeding depression?

Q4. What is O6Heterosisoéor hybrid vigour?
Q5.Name the Indian variety of rice patented by an American company.
Q6.What is Pomato?

Q7 .Name the algae used as protein rich food.

B.ExpantMOET and SCP.

Q9.What is quarantine?

Q10.What is cultivar?

2 MARK

Q1. What is Biofortification?

Q2.Which part of the plant is best suited for making virus free plants?

Q3.What is breed? What are the objectives of animal breeding?

Q4.Define oatessing? Suggest an advantage.

Q5.What is artificial insemination?what is its importance?

Q6. What are the differences between aqua and pisciculture?

Q7. What is animal husbandry?

Q8. What is bird flu?

Q9. Name the most common species of honey beestddtlatkahe products from the honey bees?
Q10. What is germplasm?How it is maintained?
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3MARKS QUESTIONS

Q1.What does inbreeding mean? Suggest its advantages. What is the danger of inbreeding?
Q2.Name the methods employed in animal breeding. Whcthenbtst@d Why?

Q3. Explain the procedure of MOET technique in cattle.

Q4. What is interspecific hybridization ?Give one example of crop in which it practiced and mention on
advantage.

Q5. What is crdseeding ?what advantages does it have? Gilee examp

5 MARKS QUESTIONS

Q1. Explain the points that have to be considered for sucéesgiindiee

Q2. Write the scientific name of sugarcane grown in north and south India respectively. Mention
characteristic features. Mention the charafténistiybrid produced by crossing these two varieties .
Hint:Northi Saccharumbarberi. SduBaccharumofficinarum . High yield , thick stems , higher sugar
content , ability to grow in both North and South India

Q 3. Describe various steps invopedtibreeding.

Hint: Collection of variability, Evaluation and selection of parents, Cross hybridisation among the sele
parents, Selection of testing of superior Recombinants, Testing , release and comercialisation of

cultivars
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ChapteB 10: Microbes in Human Welfare

Microbes are present everywhere.

E.g.Bhermal vents of geyser (Temp. above 1000c)

Beep in soil.

Bnder snow.

Biverse Protozoa, Bacteria, Fungi, Virus, Viroids, Prions (Proteinaceous infectious agents)
Bseful: Antibiotics.

Barmflr cause diseases.

In Household Products:
Bveryday : Lactobacillus (LAB) Lactic acid Bémt@rizurd from milk.

BBrease Vit . B12

BBeck disease causing microbes in our stomach.

Bermentation of dough for dosa, idli (CO2 produced)

Blaking bread a k e r &acchgrenyced cereids

Zoddymade from sap pafim.

Bheese making (eg.SwissssieebyPropionibacteriursharmanii Roquefort cheese by fungi.)

In Industrial Products :
Beverages and antibiotics.
Bermentors : Large vessels for growing microbes.

Fermented Bevages :

Beverages like wine, bear, whisky, Bran@$aBeiraromyces cerevisjae

Malted cereals and fruit juices used to produce ethanol, winpraddcedewithout distillation.
Whisky, brandy, rum produced after distillation.

Antibiotics : (Againdife)

Benicillin produced by Alexander FlemiReficitiumnotatumwhile working witaphylococci

Earnest Chain and Howard Plorey awarded Nobel Prize in 1945 for establishing Penicillin as an effe
antibiotic.

Bses : Treat diseasesglkgue, whooping cough, diphtheria, leprosy.

ChemicalsErymes and other Bioactivities Molecules: Uses:
Aspergillusigerfor production of Citric Acid.

A cetobactencetifor production of Acetic Acid.
Blostridium butylicurfor production of @it Acid.
Bactobacillus for production of Lactic acid.
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Bipases used in detergents to remove oil strains from Laundry.

Bectinases and Proteases to clarify bottled jucies.

StreptokinaséfronmStreptococcuas clot buster in patients with mybaa#rdiction (heart attack).
Byclosporin A an immunosuppresargedin organ transplant patients (producBdchyderma
polysporum

Statinsproduced by yeddbdnascispurpureusised as blood, cholesterol lowering agent.
Microbes in sewage Treatrmen

Blajor component of waste water, human excreta.

Waste water sewage.

Bannot be disposed directly into rivers and streams.

Before disposal sewage treated in sewage treatment plants (STPs)
Zreatment done in two stages.
Bdmary : Physicahaval of particles large and small by filtration and sedimentation.
Solidg primary sludge.
Supernataiteffluent.
Bé&condy: Primary effluent taken to large aeration tanks.
Agitated mechanically and air pumped into it.
Berobic microbesrianasses with fungal filaments flocs.
Blicrobes consume organic matter in effluent for growth.
BOD ( Biological oxygen demand) reduced.
Bassed into settling tank.
Bacterial flosedimented (activated sludge)
8mall part of activated sludgkas@oculums in aeration tank.
Blajor part pumped into large anaerobic sludge digesters.
Anaerobic bacteria digest bacteria and fungi.
Bacteria produce gases such as menthane, hydrogen sulphid8iagd< 02
Secondary effluent releasediveis and streams.
Blo man made technology available till date.
Bntreated sewage if released into rivers causes pollution.

Blinistry of environment and Forests iniatiated, Ganga Action Plan and Yamuna Action Plan.
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(a) PRIMARY TREATMENT (b) SECONDARY TREATMENT (c) DISINFECTION AND

{Biological oxidation) RELEASE

2 ) Screening,

. skimming, i Primary sifiuent Effluent is disinfected
grinding of undergoas aeraltion; by chlorination and
Sewags. MICIOONJaniSMS  Tickiing fiter released.

- 3 Sclid matter oxu}ge DNEMEC (see Fc’qufe 27.22)
o | satties out matler.
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Anaerobic sludge ‘--_:“_‘--\
digester
(see Figure 27.23) Drying Led

rﬁ Chemical
(d) SLUDGE DIGESTION e
Copynight @ 2001 Banjamin Cummings, an imprint of Addison Wasley Longman. Inc
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Bloating cover placedvabises as biogas conters.rise
Bonnecting pipe for supply of biogas.

Bsed for cooking and lighting.
Bevelopment by IARIndian Agriculture Resekainstitute & KVadi and village Industries

Commission.

Microbes as BiocontrolAgents :

Bhsecticides and Pesticides toxic, harmful & ames polluta
Batural predation better method.

Bo of pests kept in check, not totally eradicated.

Boodchains not disturbed

Bg. Ladybird and Dragon flies useful to get rid of aphids and mosquitoes.
Bacill ushuringiensi¢Bt) used to control butterfly caterpillar.
Blode of spores operation.

OAvailable is sachets, mixed with water and sprayed on plant
oEaten by insect larva

oToxin released in gut kills larvae.
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Blow Bt toxin genes introduced intoi plasitgant to insect pests.

e.g. Bt cotton.

Bungusdrichodermanow being developed.

Blucleagpolyhedrovirus good for narrow spectrum insiecipplications.

Advantages :

Blo negative impacts on plants, mammals, birds, fish or target insects.
Bor overall IMP (Intergrated pest Management) programme.

Bor ecologically sensitive areas.

As Biofertilizers:
Bhemical fertilizers majdutpot.
Switch to organic farming and use of biofertilizers need of the time.
Blain sources of biofertiliBarsteria, Fungi & Cyanobacteria.
Eg Rhizobium present in roots of leguminious plants fix atmospheric nitrogen into usable organic 1
AzospiilliumandAzotobacter freeliving bacteridix atmospheiititrogen.
Symbiotic Associations
Eg.Genu&lomus spformmycorrhiza
Bungal symbiont absorbs phosphorus from soil and passes it to plant.
Blants show

e resistance to radborne patigens.

e Tolerance to salinity and drought

¢ Increase in growth and development.
Bynobacteiiautotrophicfix atmospheric nitrogen
Bnp.biofertilizer.
e.g.Anabaena, Nostoc, Oscillatoria
Blue green algakeincrease fertility by adding orgatiér.ma
Blo. of biofertilizers emenmercially available.

Process of sewage treatment in STP

a)Primary treatment(physical )

b)Secondary treatment(biological)

Effluent loaded in large aeration tank, Agitation & rapid growth of aerobic miCorsesn@tocs)
organic matter ,reduces BBbfduent passed to settling, tRldcs sediments formactivated
sludgeA.S.)Poured into sludge digester(small amounS.olused as inoculuFijtration &
sedimentation.
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Process of sewage treatmlent in STP

Primaryreatme%physical Secondarlyegtmenb(ological)
Filtration Gedi%entation Filtration &sedimentation
v

Agitation & lapid growth of aerobic microbes (flocs)
Consumes orgamatter, reduc&OD

Effluent passed to settling tank

Flacs sediments forractivated sludge

Aragobic Sludge Digester

Form Bias Water released into rivers and streams
Questions
(2 mark)
1.Nameéwo vitamins produced by microbial fermentation.
2.What s the botanical name of bakerods yeast?

3. Millstarts to coagulate when lactic acid bacteria is added to warm milk as a starter. Mention two ben
LAB provides

(2 marks)

1. Stat¢he use of:

Brichodermaith respect to organ transplant

Blucleopolyhedragiwith respect to pest management

. Why should sewag¢reated before its disposal?

. Whais primary sludge?

. Nam¢he pests, lady birds and dragonflies help to get thpaatialyes

. Givehe role of microbes in single cell protein.

. What is micorhiza? How does it help as biofertilizers?

. What is BOD? What does it neeaatér samgias more BOD?

. Name any two cyanobacteria. How do they serve as mbbicsetipes @

. Whais the difference between Bt and Bt cotton? Explain the use of Bt as a biological control.
10.Give reasen

a) Bottled fruit juices brought from market are clearer as compared to those made at home,

b) Largéoles are foundsimisscheese,

¢) The insect which are so called pest are not eradicated in organic fumes.

11 Namehe gobar gas liberated from biogas\blizhttype of bacteria are responsible for its
production? Give advantage.

©O© 00 NO Ul WN
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(3 marks)

1. Differentiabetwer

a) Rimary sludge and activated sludge,

b) Bofertilizer and chemical fertilizer,

c) Rimary sewage treatment and secondary sewage treatement.

(5 marks)

1.Answer briefly:
1) How is sewage harmful l®ma
2) What is organic farming?
3)Which group of organisms attack insect and arthopod? How are they best biocontrol biological
agent,
4) What is the difference between flocks and primary sludge?

2.Write short notes on: a) bakers yeast, b) alcohol c) statin d)Brewers yeast e) streptokinase
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Chapterll: BIOTECHNOLOGY: PRINCIPLES AND PROCESSES

CONCEPT MAP :

Biotechnology
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Biotechnologys a broad area of science involving multiple disciplines designed to use living organisms
their products to perform valuable industrial or manyfiastesises or applications pertaining to
human benefit.

Recombinant DNA technology:

An organism's genome contains virtually all the information necessary for its growth and developme
Steps in producing recombinant DNA
1. Theequired gene is cut feoDINA molecule using a restriction enzyme.

2. Abacterial plasmid is isolated and cut with the same restriction enzyme. This ensures cut ends
complementary (same base sequence) to the ends of the required gene.

3. Theequired gene is joined to tkenplausing the enzyme DNA ligase in a process called ligation.

4. Theesulting recombinant plasmid is returned to the bacterial cell.

5. Thébacteria reproduce and the required gene is cloned.

Required gene cut with Isolated bacterial Restriction Eﬂzvme nqﬁ":“" from
restriction enzyme plasmid cut with (EWR” another source
from a DNA maolecule  restriction enzyme

\ 2
‘ ‘ |flmmn

TT
AA cT AG
|l'

Recombinant DMNA

ugatmn \( A &) J

Sticky end
Bacterlum | ‘:l I ‘Cg craa MATT G:' "
W N,
Sticky end
:"' Recombinant DNA Ligation
Bacterial Binary fission
chromosaome ‘,

I I AATT

TTAR
Ro) Bo P

How do we obtain DNA and howedananipulatBNA?

Quie straightforward to isolate DNA
For instance, to isolate genomic DNA
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Remove tissue from organism

Homogenise in lysis buffer containing guanidine thiocyanate (denatures proteins)
Mix with phenol/chlorofaemoves proteins

Keep aqueous phase (tcostANA)

Add alcohol (ethanol or isopropanol) to precipitate DNA from solution

Collect DNA pellet by centrifugation

Dry DNA pellet and resuspend in buffer

. Store at 4°C

Each cell (with a few exceptions) carries a copy of the DNA sequences whelonmgakism|s
genome.

How do we manipulate DNA?

It used to be difficult to isolate enough of a particular DNA sequence to carry out further manipul:
and/or characterisation of its molecular sequence

ONOUTAWNE

Recombinant DNA Technology

Techniques for

- Isolation

- Digestion

- Fractionation

- Purification of the TARGET fragment

- Cloning into vectors

- Transformation of host cell @ledt®n

- Replication

- Analysis

- Expression of DNA

DNA is manipulated using various enthahewdify and/or synthesise it

Until 1970 there were no convenient methods availtihte DiMAumto discrete, manageable
fragments.

1970 The Beginning of the Revolution

Discovery ofrastriction enzymia thebacteriurilaemophilus influenzae

Restriction enzymes
. Restriction enzymes are endonucleases

e Bacterial enzymes

« Different baaial strains express different restriction enzymes

e The names of restriction enzymes are derived from the name of the bacterial strain they
are isolated from

e Cut (hydrolyse) DNA into definédREEPRODUCIBIagments

e Basic tools of gene cloning

Namesof restriction endonucleases

Titles of restriction enzymes are derived from the first letter of the genus +
the first two letters of the species of organism from which they were isolated.
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Source microorganism Enzyme |Recognition Site Ends produced

Arthobacter luteus Alul AGCT Blunt

Bacillus amyloiquefaciégns BamHI GGATCC Sticky
Escherichia coli EcoRl GAATTC Sticky
Haemophilus gallinarum Hgal GACGC(b) Sticky
Haemophilus infulenzae Hindlll AAGCTT Sticky
Providencia stuatti4 Pstl CTGCA Sticky
Nocardia ibiscaviaruns Notl GCGGCCGC  Sticky
Staphylococcus aurdas Sau3A GATC Sticky
Serratia marcesans Smal CCCGGG Blunt

Thermus aquaticus Tad| TCGA Sticky

Restriction enzymes recognise a specific short nucleotide sequence

This is known as a Retsbn Site
The phosphodiester bond is cleaved between specific bases, one on each DNA strand

y

5.GAATTC-3 @7 B.or  QAATTC-3
3CTTAAGE  3-CTTAAD  wb5

The product of each reaction is two double stranded DNA fragments
Restriction enzymes do not discriminate between DNA from different organisms
Restriction endarleases are a natural part of the bacterial defence system
o Part of the restriction/modification system found in many bacteria
e These enzymBESTRICihe ability of foreign DNA (such as bacteriophage DNA) to
infect/invade the host bacterial cell lyyituftitdegrading it)
e The host DNAMODIFIEBYMETHYLATIOM the sequences these enzymes
recognise
o Methyl groups are added to C or A nucleotides in order to protect the bacterial
host DNA from degradation by its own enzymes
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(b}

EcoRI
methylase

[
Unmethylated 5] GaA T T 6 1 3°
DMNA 31 I CTTAAGI ] 5

Restriction J‘/

enzyme —————

EcoRI %

\1 EcoRI will not
cleave methylated
’:’:&H;_ DNA

Methylated 5] l G A l TTCI ] 3
DNA 3] E T A G | B

O

Types of restrictiorzgmes

e Type IRecognise specific sequences-but then track along DBFOC-RAEEs)
before cutting one of the strands and releasing a number of nucleotides (~75) where the
cut is made. A second molecule of the endonuclease is required toranttbé 2nd st
the DNA
o e.g.EcK.
o Require Mg ATP and SAM&8enosyl methionine) cofactors for function
o Type IIRecognise a specific target sequence in DNA, and then break the DNA (both
strands), within or close to, the recognition site
o e.g.EcdlI
o Usuall require My
e Type lllintermediate properties between type | and type Il. Break both DNA strands at «
defined distance from a recognition site
o e.g.Hgd
o Require Mgand ATP
Hundreds of restriction enzyme$baneasolated and characterised
o Enable DNA to be cut into discrete, manageable fragments
e Type lenzymes are those used in the vast majority of molecular biology techniques
e Many are now commercially available
Many Type Il restriction endonucleases recognise PALINDROMIC sequencqmaliRdron®eeek
running back again, recurpatinagain)
A segment of doubleanded DNA in which the nucleotide sequence of one strand reads in reverse ord
to that of the complementary strand. (always read from the same direction)
For exampl&cdrl recognises the sequence
55GAATT@G

3CTTAASG
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Different enzymes cut at different positions and can create single stranded ends ('sticky ends’)

« Some generate 5' overhaegsEcdRl

5 endsNa
G-0oH / SFAATTC
i i AP HO-&

e Some generate 3' overhaegsst

(43’ end s |
CTGCA 66

HO- AC GTC
Some generate blunt eeg§ma
CCC-oH EGG&
GGG ) HO-CCC

Examples of restriction enzymes and the sequences they cleave
The 'sticky' overhangs are known as COHESIVE ENDS

e The single stranded termini (or ends) can badéNEa#) (with any complementary
sinde stranded termini

This is the basis RECOMBINANT DNA TECHNOLOGY
e Inserting foreign DNA into a cloning vector
Restriction enzymes are a useful tool for analysing Recombinant DNA

After ligating a particular DNA sequence into a cloning vecessatystmeheck that the correct
fragment has been taken up. Sometimes it is also necessary to ensure that the foreign DNA sequenc
a certain orientation relative to sequences present in the cloning vector.

e Checking the size of the insert
e Checkinthe orientation of the insert
o Determining pattern of restriction sites within insert DNA

DNA fractionation
Separation of DNA fragments in order to isolate and analyse DNA cut by restriction enzymes
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Electrophoresis

Electrophoresis is a technique osedptairate and sometimes purify macromolespesially
proteins and nucleic acttat differ in size, charge or conformétiem charged molecules are placed
in an electric field, they migrate toward either the positive or negative pokb@icabvaligg.

DNA is electrophoresed through the agarose getéthiwdi{eegative) to taeode(positive) when

a voltage is applied, due to the net negative charge carried on DNA

(=)
Power supply (up to 150 V DC)
C DNA sample T
well g # S
A Migration of : A + 4
F LT N 4,
H
O —
(@) A -
b Agarose gel D e ¥
E
E Conducting buffer solution l
-ve electrode +ve electrode
Fig. 3. Agarose gel apparatus.

When the DNA has been electrophoresed,
The gel is stainedairsolution containing the cheetigdium bromiderhis compound binds tightly to
DNA and fluoresces strongly under U¥llighing the visualisation and detection of the DNA.
Recombinant DNA technology:
Recombinant DNA: Plasmids, cloning
What is DA cloning?

DNA cloning is the isolation of a fragment or fragments of DNA from an organism and placing in a VEC
that replicates independently of chromosomal DNA. The RECOMBINANT DNA is propagated in a
organism, the resulting CLONES are a setiofthe identical organisms which contain the recombinant
DNA

Three main purposes for cloning DNA
1) DNA sequencing
2) Protein production
3) Engineering animals/plants/proteins
Cloning and Expression Vectors
Isolated DNA is cloned\WHETOR®r bng term storage, propagation of the DNA and for production of
protein from gene(s) encoded in the DNA

What are cloning vectors?
Cloning vectors are eglmmosomal 'replicons’ of DNA which can be isolated and can replicate
independently of the chromesod/ectors usually contagelactable markera genethat allows
selection of cells carrying the vector e.g. by conferring resistance to a toxin. DNA of interest can be ¢
into the vector and replicated in host cells, usually one which helsaraetemssd.
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Commonly used vector systems
o Bacterial plasmids
Bacteriophages
Cosmids
Yeast artificial chromosomes (YACS)
Ti plasmid (plants)
e Eukaryotic viruses such as baculovirus (insect cells), SV40 virus and retroviruses.
Characteristics of @loning Vector
x  Origin of replication (ORI)
This process marks autonomous replication in vector. ORI is a specific sequence of nucleotide in DN/
where replication starts. When foreign DNA is linked to this sequence then along with vector replic:
foreign (desirable) DNA also starts replicating within host cell.
x Selectable Marker
Charecteristics of Selectable marker:
A gene whose expression allows one to identify cells that have been transforrned or transfected with
vector containing the maee.g
A marker genés used to determine if a piece of DNA has been successfully inserted into the hos
organism.. A gene, usually encoding resistance to an asdileiciblé markewill protect the
organism fronsalective agerthat would normaily it or prevent its growth.
x Restriction sites
It should have restriction sites, to allow cleavage of specific sequence by specific Restrict
Endonuclease. Restriction sites in E.coli cloning vector pBR322 include Hindlll , EcoRI ,,BamHI , Sall,
Pstl, Claktc.
Refer NCERT text book diagram of pBR322
A Cloning Vector that Works with Plant Cells
Most commonly used plant cloning VEEttplasmidor tumoemducing plasmibund in cells of the
bacterium known Agrobacterium tumefacignsomally lives in sd¥acterium has ability to infect
plants and causerawn gallor tumorous lump, to form at the site of infection.
Ti plasmidcalled T DNAseparates from the plasmid and incorporates into the host cell genome. This
aspect of Tigadmid function has made it usefplastaloning vector (natural genetic engineer).
Plasmidsare the most commonly used vector system. Several types availabdé floreaoniDig A
in the host organi&scherichia callanyE. cdl plasmids allow the expression of proteins encoded by
the cloned DNA
Bacteriophaganother common vector system used for cloning DNA. These are virusek which 'infect'
coli The M13 badphage is a singteanded DNA virus which replic&esalin a doubistranded
form that can be manipulated like a plasmid. It can be used to prsidacdesirighA copies which
are useful f@NA sequencing
Bacteriophage is another bapteage which is commonly used to make DNA libraries. It allows the
cloning of larger fragments of DNA than can be incorporated into plasmids.
Transformatioms the process by which plasmids (or other DNA) can be introduced into a cell. For
E. colitrandormation with plasmids is quite straightforward, plasmids can be introduced by
electroporation or by incubation in the presence of divalent cations (ustipiin€Ca brief heat
shock (42°C) which induces thecolicells to take up the foreign DNA
1. two antibiotic selection and replica plating
2. color selection: blue/white selection using the lacz gene
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Insertional inactivation

Subcloning a DNA fragment into an active gene (usually a marker gene whose function can be easily
detected) will disruptfthrestion of that gene. This can be detected by looking for colonies that no longer
display that phenotype.

Colour selection

A more common method to determine which transformants contain plasmids witlcoisarts is to use
selection ForE. colithisnvolves tHac complexandblue/white screening.

Colonies carrying plasmid with no insert will be ldolewieereas colonies carrying recombinant
plasmid will lvehite

Blue colony White colony
(no insert) (has insert)

e e \;
_\\\

- O
- e

For plasmids such as pBR322, which contains two antibiotic resistiomsegganassert into one of
these will disrupt that gene and inactivate the resistance to that antibiotic.
Southern/Northern Blotting Analysis
Analysing complex nucleic acid mixtures (DNA or RNA)
The total cellular DNA of an organism (genome)llatatheooéent of RNA are complex mixtures of
different nucleic acid sequences. Restriction digest of a complex genome can generate millions of sg
restriction fragments and there can be several fragments of exactly the same size which will no
sefrated from each other by electrophoresis.
Technigues have been devised to identify specific nucleic acids in these complex mixtures

e Southern blottingDNA

e Northern blottingRNA

Southern blotting
Technique devised by Ed Southern in 1975, is a commonly used method for the identification of |
fragments that are compleanetd a know DNA sequerivs\a comparison between the genome of
a particular organism and tlzat afailable gene or gene fragmepitdlige It can tell us whether an
organism contains a particular gene(DNA fragment) or not

InSouthern blotting

1 Chromosomal DNA is isolated from the organism of interest, and digested to completmm with a restri
endonuclease enzyme.

2 The restriction fragments are then subjected to electrophoresis on an agarose gel, which separate
fragments on the basis of size.

3 DNA fragments in the gel are denatured (i.e. separated into single strandbhesiolyammalka

4 Transfer fragments from the gel onto nitrocellulose filter or nylon membrane.
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DA

Cleavea with
restriction enzymes

Mitrocellulose Autaradiogram

2
2
= Filter Mitrocellulose Hybridize with
g Papar /GEI labeled DMNA or
g A 4 4 N |}/ RNA probe
] —_— | = | I
= *
o l Alkaline solution J
l Capillary action transfers

DA from gel to nitrocellulose

Fig 732, Lodish et al (4th ed.)
DNA is bound irreversibly to the filter/membrane by baking at high temperature (nitrocellulose) or cros:
linking through espire to UV light (nylon).

Final step is to immerse the membrane in a solution corgeobegettieer a DNA (cDNA clone,
genomic fragment, oligonucleotide) or RNA probe can be BB& Aylsidisation

The membrane is washed to remespewiically bound probe, and is then exposadftioda
process calleditoradiographyrhe principle of Southern blotting

ene I A |
9 garose g%ehxh C

E\ 7 Long DNA
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- < containing sequences complementary to N it llul
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i
- - - . \\
n Hybrlfilse fu'trooellulose with Single=stranded
l". radioactive probe BRA fraaments
x 2) wash 2
photegraphic

film o
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PCR(Polymerase Chain Reaction):

PCRis a techque for thenivitro amplificationof a desired sequence of DNA. PCR allows the
generation of a large quantity of DNA product (up toggverdl r om only a few st a
shown that PCR can be used to geaatatectable quantity oADMm only one startanget(or
templatg¢ molecule.
PCR developed in the1880's, has found multiple applications, such as:

1. Rapid amplification of intact genes or gene fragments

2. Generation of large amounts of DNA for sequencing

3. Generation of pes specific for uncloned genes by selective amplification of a specific

segment of cDNA

4. Analysis of mutations for medical applications

5. Detection of minute amounts of DNA for forensic purposes

6. Amplification of chromosomal regions adjacent to gemesefikance and many

more-
Development of PCR won the Nobel prize for Kary Muligsleard.co

PCR principle

PCR reaction is a DNA synthesis reaction that depepdteanitimef primerannealedo opposite
strands of a dsDNA template thatbasdenaturechélted apajtat temperatures near boiling. By
repeating thmelting annealingandextensiorsteps, several copies of the original template DNA can be

generated.
The amount of starting material (target) needed is very small

Not necessarg tsolate the desired sequence, because it will be defipathessthat are used in

the reaction. Tipeimersare oligonucleotidesmplementaryo different regions on the 2 strands of
DNA templatiankingthe region to be amplified).

Theprimeracts as a starting point for DNA synthesis. Theexteyaesfrom its 3' end BNA

polymerase
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InPCR, 2 non-identical primers are annealed

Primer extension by to opposite strands of the DNA template

DNA polymerase + I /5/5TCCoATIOACATS
creccreusecracror g
. i DNA polymerase primer
e DNA polymerase o PLInEE Py
- ey —
s Trasccrccasec T scc A >
v-rrsaccrecasscATT e [ © mmmdTT?
EEmdTTP dNTPs : : : :i:: Mg~
EEEdeTP Mg
dNTPs S T 9 mmmdCTP *
e R | —_—

Newly synthesised strand

» I s

Primer design

The stages of a PCR reaction
PCR is aycleof three steps:

1. DENATURATIGHRhe strands of the DNAne#ed apatby heating to I

2. ANNEALIN&he temperature is reduced to ~ 55°C to allow the primeatotthe
target DNA

3. POLYMERISATION/EXTENSi@Nemperature is changed to the optimum

temperature in order for the DNA polymerase textagiseof the primerisg.to
copy the DNA between the primers.

Thecycleis repeated over and over agaimany times as needed to produce a detectable amount of
product.

Discovery of a thermostable DNA polymerase

The breakthrough came with the discovery of the thermobtdBlgolymeras€agpolymerase,
from the thermophilic bacteriuiihermus aquaticysvhich lives in hot springs.

Tagpolymeraseenzyme can redsgh temperaturesequired to melt the template DNA apart without
denaturation (loss of activity) and wsirkdhingh temperatures (72°Chis led to improved specificity

& sensitivity. Annealing of primers to sites other than the target sequence is significantly reduced a
higher temperatures useddqgpolymerase.
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Applications of PCR

1) Cloning gene encoding a known protein
2) Amplifying 'old DNA'

3) Amplifying cloned DNA from vectors

4) Creating mutations in cloned genes

5) Rapid amplification of cDNA en@é&CE
6) Detecting bacterial or viral infection
* AIDs infection
* TubezulosisNlycobacterium tuberculosis
7) Cancer
Detecting mutations that occur in cancer and monitoring cancer therapy. Determining if a patient is fre:
malignant cells

8) Genetic diagnosis
a.Diagnosing inherited disorders
* Cysic fibrosis
* Muscular dystrophy
* Haemophilia A and B
* Sickle cell anaemia
b.Diagnosing cancerertain cancers are caused by specific and reproducible mutations: e,g.
Retinoblastormahildhoodancer of the eye. The heritable form (germ line mutation of one of the two
retinoblastoma allelles): mutation is detected in all cells. Spontaneous form: only detected in tumour tis
c. Blood group typing
d.Prenatal diagnosieg deterniimg the sex of foefasthose at risk alinked disorders

PCR is one of the most versatile techniques invented, and has so many applications that this list could
on for quite some time.

Downstream processing

It refers to the recovery anfigation of biosynthetic products, particularly pharmaceuticals, from natural
sources such as animal or plant tissue or fermentation broth

Stages in Downstream Processing
A widely recognized heuristic for categorizing downstream processingagsethéonsthviour
groups which are applied in order to bring a product from its natural state as a component of a tissue,

or fermentation broth through progressive improvements in purity and concentration.

Removal of insolubles» Productisolation— ProductPurification— Product Polishing
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GLOSSARY:

Amplification

An increase in the number of copies of a specific DNA fragment; can be in vivo or in vitro.

See alsaloningpolymerase chain reaction

Annotation

Adding pertinenbimhation such as gene coded for, amino acid sequence, or other commentary to the
database entry of raw sequence of DNA bases.

Antisense

Nucleic acid that has a sequence exactly opposite to an mMRNA molecule made by the body; binds t
MRNA moleculepi@vent a protein from being made.

Autoradiography

A technique that usesY film to visualize radioactively labeled molecules or fragments of molecules
used in analyzing length and number of DNA fragments after they are separated byigel electrophores
Bacterial artificial chromosorfi2AC)

A vectorsed to clone DNA fragments (100 kb B@&@rt size; average, 150 Eschrerichia coélls.

Based on naturally occurriagtér plasmid found in the bactericwi

Base sequence

The ordesf nucleotide bases in a DNA molecule; determines structure of proteins encoded by that DN/
Bioinformatics

The science of managing and analyzing biological data using advanced computing techniques. Espec
important in analyzing genomic research dat

Biotechnology

A set of biological techniques developed through basic research and now applied to research and pr
development. In particular, biotechnology refers to the use by industry of recombinant DNA, cell fusior
new bioprocessing teghes.

Cancer

Diseases in which abnormal cells divide and grow unchecked. Cancer can spread from its original site
other parts of the body and can be fatal.

See alsdiereditary canggporadic cancer

Carcinogen

Something which causes cancer to occur bychangiagjin a cell's DNA.

See alsanutagen

Carrier

An individual who possesses an unexpressed, recessive trait.

cDNA library

A collection of DNA sequences that code for genes. The sequences are generated in the laboratory fr
MRNA sequences.

See alsanessenger RNA

Cell

The basic unit of any living organism that carries on the biochemical processes of life.

Chromosome

The selfepicating genetic structure of cells containing the cellular DNA that bears in its nucleotic
sequence the linear array of genes. In prokaryotes, chromosomal DNA is circular, and the entire geno
carried on one chromosome. Eukaryotic genomes consisberf @@ chromosomes whose DNA is
associated with different kinds of proteins.
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Clone

An exact copy made of biological material such as a DNA segment (etheragegioa)praovhole

cell, ocomplete organism.

Cloning

Using specialized DN#telogy to produce multiple, exact copies of a single gene or other segment o
DNA to obtain enough material for furthePrstcelys, used by researchers in the Human Genome
Project, referred to as cloning RésAlting cloned (copied) collectiddsAfmolecule®nstitute

clone librarieSecond type of cloning exploits the natural process of cell division to make many copies
an entire cell. The genetic make¢hpse cloned cells, cakdidine, is idgcal to the original céildr

typeof cloning produces complete, genetically identical animals such as the famous Scottish sheep, D«
Cloning vector

DNA molecule originating from a virus, a plasmid, or the cell of a higher organism into which another
fragment of appropriate sizebeammtegrated without loss of the vector's capacHyeiticaten;

vectors introduce foreign DNA into host cells, where the DNA can be reproduced in large quant
Examples are plasmids, cosmids, and yeast artificial chromosomes; vecotoecardimdint
molecules containing DNA sequences from several sources.

Complementary DN@DNA)

DNA that is synthesized in the laboratory from a messenger RNA template.

Complementary sequence

Nucleic acid base sequence that can form atohndéestructure with another DNA fragment by
following bagmiring rules (A pairs with T and C with G). The complementary sequence to GTAC f
example, is CATG.

Cosmid

Artificially constructed cloning vector containing the cos gene of phage lambudbe @askadeda

in lambda phage particles for infecti@n aajoPermits cloning of larger DNA fragments (up to 45kb)
than can be introduced into bacterial hosts in plasmid vectors.

Crossing over

The breaking during meiosis of one maternal anderoaé glabmosome, the exchange of
corresponding sections of DNA, and the rejoining of the chromosomes. This process can result i
exchange of alleles between chromosomes.

See alsagecombination

DNA(deoxyribonucleic acid)

The molecule that encodes genetic information. DNA sramnided)leolecule held together by weak
bonds between base pairs of nucleotides. The four nuciBbiidesntain the bases adenine (A),
guanine (G), cytosine (C), and thymine (T). In nature, base pairs form only between A and T and bet
G and C; thus the base sequence of each single strand can be deduced from that of its partner.

DNA bank

A sendge that stores DNA extracted from blood samples or other human tissue.

DNA repair genes

Genes encoding proteins that correct errors in DNA sequencing.

DNA replication

The use of existing DNA as a template for the synthesis of new DNA straadsl. ttheumans

eukaryotes, replication occurs in the cell nucleus.

DNA sequence

The relative order of base pairs, whether in a DNA fragment, gene, chromosome, or an entire gen
See alsdase sequence analysis
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Double helix

The twistelddder shape that two linear strands of DNA assume when complementary nucleotides on
opposing strands bond together.

Electrophoresis

A method aeparating large molecules (such as DNA fragments or proteins) from a mixture of simi
molecules. An electric current is passed through a medium containing the mixture, and each kin
molecule travels through the medium at a different rate, alepeneiegtrical charge and size.
Agarose and acrylamide gels are the media commonly used for electrophoresis of proteins and nu
acids.

Electroporation

A process using hgiitage current to make cell membranes permeable to allow theointeaduction

DNA; commonly used in recombinant DNA technology.

See alsdransfection

Embryonic stem (ES) cells

An embryonic cell that calicedp indefinitely, transform into other types of cells, and serve as a
continuous source of new cells.

Endonuclease

Seerestriction enzyme

Escherichia coli

Common bacterium that has been studied intensively by geneticists because ofatsizeall genom
normal lack of pathogenicity, and ease of growth in the laboratory.

Eugenics

Study of improving a species by artificial selection; usually refers to the selective breeding of humans.
Exogenous DNA

DNA originating outside an isrgahat has ée introded into the organism.

Exon

The proteicoding DNA sequence of a gene.

See alsantron

Exonuclease

An enzyme that cleaves ntidé=osequentially from free ends of a linear nucleic acid substrate.
Expressed sequence téeST)

A short strand of DNA that is part of cDNA molecule and can act as identifier of a gene. Used in loc
and mapping genes.

See alsccDNAsequence tagged site

Fingerprintig

In genetics, the identification of multiple specific alleles on a person's DNA to produce a unique identif
that person.

See alsdorensics

Fluorescence in situ hybridizati&iSH)

A Fhysical mapping approach that uses fluorescein tags to detect hybridization of probes with metap
chromosomes and with theclmsgdensed somatic interphase chromatin.

Forensics

Use of DNA falantification. Some examples of DNA use are to establish paternity in child support case
establish the presence of a suspect at a crime scene, and identify accident victims.

Functional genomics

Study of genes, their resulting proteins, the roleypaytinsthe body's biochemical processes.
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Gel electrophoresis

Seeelectrophoresis

Gene

The fundamental physical andoluaictinit of heredity. A gene is an ordered sequence of nucleotides
located in a particular position on a particular chromosome that encodes a specific functional product
a protein or RNA molecule)

See als@ene expression

Gene expression

The process by which a gene's coded information is converted into the structures present and operat
the cell. Expressed genes inclode that are transcribed into mRNA and then translated into protein
and those that are transcribed into RNA but not translated into protein (e.g., transfer and ribosomal RN
Gene library

Seegenomic library

Gene mapping

Determination of the relative positions of genes on a DNA molecule (chromosome or plasmid) and of t
distance, in linkage units or physical units, between them.

Gene pool

All the variations of genes in a species.

See alsallelegenepolymorphism

Gene therapy

Experimental procedure aimed at replacing, manipulating, n@ntsgppteonfunctional or
misfunctioning genes with healthy genes.

See als@eneinheritsomatic cell gene thergpym line gene therapy

Gene transfer

Incorporation of new DNA inbogamism's cells, usually by a vector such as a modified virus. Used in
gene therapy.

See alsanutatiorgene therapyector

Genetic engineering

Altering the genetic material of cells or organisms to enable them to make new substances or perform
functions.

Genetic engineering technology

Seerecombinant DNA technology

Genetic marker

A gene or other identifiable portion of D¥¢Ankatance can be followed.

See alschromosomBNAgenginherit

Genetic material

Seegenome

Genetic polymorphism

Difference in DNA sequence among individuals, groups, or populatieiei(®lge ggas versus

brown eyes).

Genetic screening

Testing a group of people to identify individuals at high risk of having or passing on a specific genetic
disorder.

Genetic testing

Analyzing an individual's genetic material to determineipnetdispparticular health condition or to

confirm a diagnosis of genetic disease.
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Genetics

The study of inheritance patterns of specific traits.

Genome

All the genetic material in the chromosomes of a particular organism; its size isagetsei@tify given
number of base pairs.

Genome project

Research and technoldgyelopment effort aimed at mapping and sequencing the genome of human
beings and certain model organisms.

See alsdduman Genome Initiative

Genomic library

A collection of clones made from a set of randomly generated overlapping DNA fragments that repres:
the entire genome of an organism.

Genotype

The genetic constitution of an organism, as distinguished from its physical appearance (its phenotype)
Human Genome Proj€eiGP)

Formerly titled Human Genome Initiative.

See alsdduman Genome Initiative

In situ hybridization

Use of a DNA or RNA probe to detect the presence of the complementary DNA sequence in cloned
bacterial or cultured eukaryotic cells.

In vitro

Studiesgrformed outside a living organism such as in a laboratory.

In vivo

Studies carried out in living organisms.

Independent assortment

During meiosis each of the two copies of a gene is distributed to the germ cells independently of the
distribution ohet genes.

See alsdinkage

Informatics

Seebioinformatics

Karyotype

Photomicrograph of an individual's chromosomes arranged in standard format showing the number,
and shape of each chromosome type; usedespllatwon physical mapping to correlate gross
chromasmal abnormalities with the characteristics of specific diseases.

Knockout

Deactivation of specific genes; used in laboratory organisms to study gene function.

See als@enelocusmodel organisms

Marker

Seegenetic marker

Microinjection

A technique for introducing a solution of DNA irging adlhe microcapillarytpipet

Mitochondrial DNA

Nitrogenous base

A nitrogenontaining molecule having the chemical properties of a base. DNA contains the nitrogenous
bases adenine (A), guanine (G), cytosine (C), and thymine (T).

See alsdDNA
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Northern blot

A gebased laboratory procedure that locates mRNA sequences on a gel that are complementary to a
piece of DNA used as a probe.

Nudeotide

A subunit of DNA or RNA consisting of a nitrogenous base (adenine, guanine, thymine, or cytosine in
adenine, guanine, uracil, or cytosine in RNA), a phosphate molecule, and a sugar molecule (deoxyrib
DNA and ribose in RNA). Thousamlsclebtides are linked to form a DNA or RNA molecule.
See alsdNAbase paiRNA

Nucleus

The cellular organelle in eukaryotes that contains most of the genetic material.

Phage

A virus for which the natural host is a bacterial cell.

Plasmid

Autonomously replicating -ekt@mosomal circular DNA molecules, distinct from the normal bacterial
genome and nonessential for cell survival under nonselective conditiongisSaraecateadite of
integrating into the host gensameber of artificially constructed plasmids are used as cloning vectors.
Polymerase chain reacti®CR)

A method for ampiifya DNA base sequence Uagstable polymerase and twba®@ primers

one complementary to the (+) strand at one end of the sequence to be amplified and one complement
the {) strand at the other end. Because the newly synthesized DNA strands can subsequently serve
additional templates for the same primer sgqeeccessive rounds of primer annealing, strand
elongation, and dissociation produce rapid and highly specific amplification of the desired sequence.
also can be used to detect the existence of the defined sequence in a DNA sample.

Polymerase, DNA BNA

Enzyme that catalyzes the synthesis of nucleic acids on preexisting nucleic acid templates, assemblini
RNA from ribonucleotides or DNA from deoxyribonucleotides.

Primer

Short preexisting polynucleotide chain to which new deoxyribonuclesdiies lop Db

polymerase.

Probe

Singlestranded DNA or RNA molecules of specific base sequence, labatkdacttredy or
immunologicallysed to detect the complementary base sequence by hybridization.

Restriction enzyme, endonuclease

Proteintiat recognizes specific, short nucleotide sequences and cuts DNA at those sites. Bacteria cor
over 400 such enzymes that recognize and cut more than 100 different DNA sequence
See alsaestriction enzyme cutting site

Restriction fragment length polymorph{&RLP)

Variation between individuals in DNA fragment sizes cut by specific restriction enzymes; polymoil
sequences that result in RFLPs are used as markers on both physical maps and genetic linkage m
RFLPsreusually caused by mutation at a cutting site.

See alsanarkemolymorphism
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Restrictiorenzyme cutting site

Specific nucleotide sequence of DNA at which a pattictian enzyme cuts the DNA. Some sites
occur frequently in DNA (e.g., every several hundred base pairs); others much lessdtegruently (rare
e.g., every 10,000 base pairs).

Retroviral infection

Presence of retroviral vectors, such as sons wihige use their recombinant DNA to insert their
genetic material into the chromosomes of the host's cells. The virus is then propogated by the host cel
Reverse transcriptase

Enzyme used by retroviruses to form a complementary DNA sequenudl{eDRAXrd he

resulting DNA is then inserted into the chromosome of the host cell.

Ribonucleotide

Seenucleotide

Ribose

The fiveabon sugar that serves as a component of RNA.

See alsaibonucleic agttoxyribose

Ribosomal RN&RNA)

A class of RNA found in the ribosomes of cells.

RNA(Ribonucleic acid)

Chemical found mucleus and cytoplasm of cedlgs Fmportant role in protein synéresisther

chemical activities of the Stelicture of RNA similar to that of DNA. There are several classes of RNA
molecules, including messenger RNA, transfer RNA, ribosomal RNA, and other small RNAs, each se
a different purpose.

Sanger sequencing

A widely used method of determining the order of bases in DNA.

See alsgequencinghotgun sequencing

Satellite

Chromosomal segment that branches off from the rest of the chromosome but is still connected by &
filament or stalk.

Scaffold

In genomic mappingeaies of contigs that are in the right order but not necessarily connected in one
continuous stretch of sequence.

Segregation

The normal biological process whereby the two pieces of a chromosome pair are separated during m
and randomly distrilutethe germ cells.

Sequencing

Determination of order of nucleotides (base sequences) in a DNA or RNA molecule or the order of &
acids in a protein.

The X or Y chromosome in human beings that determines the sex of an individual. Females have t
chromosomes in diploid cells; males have an X and a Y chromosome. The sex chromosomes compris
23rd chromosome pair in a karyotype.
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Shotgun method

Sequencing method that involves randomly sequenced cloned pieces of the genome, with
foreknowled@d where the piece originally came from. This can be contrasted with "directed" strategies
which pieces of DNA from known chromosomal locations are sequenced. Because there are advantag
both strategies, researchers use both random (or sliotdjreqtexh strategies in combination to
sequence the human genome.

Single nucleotide polymorphig¢8NP)

DNA sequence variations that occur when a single nucleotide (A, T, C, or G) in the genome sequen
altered.

Singlegene disorder

Hereditary disler caused by a mutant allele of a single gene (e.g., Duchenne muscular dystroph
retinoblastoma, sickle cell disease).

See alsquolygenic disorders

Somatic cell

Any cell in the body except gametes and their precursors.

Southern blotting

Transfer by absorption of DNA fragments separated in electrophoretic gels to membrane filters
detection of specific base sequences hglraleid complementary probes.

Transfer RNARNA)

A class of RNA having structures with triplet nucleotide sequences that are complementary to the t
nucleotide coding sequences of mMRNA. The role of tRNAs in protein synthesis is todwas! with amino
and transfer them to the ribosomes, where proteins are assembled according to the genetic code carri
MRNA.

Transgenic

An experimentally produced organism in which DNA has been artificially introduced and incorporate
the organism's gdime.

See alsael| DNAgenenucleugyerm line

Transposable element

A class of DNA sequences that can move from one chromosomal site to another.

Trisomy

Possessing three copies of a particular chemostead of the normal two copies.

See alsaell genegene expressiairomosome

Virus

Noncellular biological entity that can reproduce only within a host cell. Viruses consist of nucleic
covered by protein; some animal viruses are also surrounded by membrane. Inside the infected cel
virus uss the synthetic capabilty of the host to produce progeny virus.
See alsaloning vector

Western blot

A technique used to identify lacate proteins based on their ability to bind to specific antibodies.
See als@®NANorthern blgiroteinRNA Southern blotting

Wild type

The form of an organism that occurs most frequently in nature.

Yeast artificial chromosori¢AC)

Constructed from yeast DNA, it is a vector used to clone lamgemNA frag

See alsaloning vect@osmid
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1 Mark Questions

1) What is biotechnology?

2) Define plasmid.

3) What are molecular scissors?

4) What do you mean by recognition sequence?

5) Which enzymes act as molecular glue?

6) Whais elution?

7) What are cloning vectors?

8) Name the sequence within a cloning vector from where the replication commence

9) Mention the bacteria that acts as natural genetic engineer.

10) Name any two processes by which alien DNA is intrtitkibedtictl|.

11) Expand the term PCR.

12) Name the microorganism from which the thermostable DNA polymerase required for PCR is obtair
13) What is a bioreactor?

14) What are the two main processes involved in downstream processing?

HINTS

1)Lage scale production and markétprgducts and processeg lising organisros]ls or
enzymes.

2)Autonomously replicating circularclendnaosomal bacterial DNA used in gene manipulation.
3)Restriction enzymes.
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4) Restriction endonucleabkgays cut DNA at a specific point by recognizing a specific sequences of
base pair known as recognition sequence.

5) DNA ligases

6) The ultimate step in the separation and isolation of DNA fragments through geirelgbtobphoresis
separated bands@NA are cut out from the gel and extracted from the gel piece.

7) Cloning vectors are estiramosomal 'replicons’ of DNA which can be isolated and can replicate
independently of the chromodoN® .of interest can be cloned into the vector atedineptiost cells

8) ORI point

9) Agrobacterium tumefaciens

10)Microinjection,biolistics(gene gun)

11)Polymerase Chain ReactiomH&@musaquaticus

13)Large scale biotechnological product involves the use of bioreactor.

14) Separation and ation.

2-Marks Questions

1)Enlist the core techniques that pave the way for modern biotechnology.

2) What is gene cloning?

3)Mention the three steps involve in genetically modifying an organism.

4) Why do bacteria possesses restriction enzyme ?

5)Mention one basic difference between restriction endonucleases and exonucleases.

6) What is a palindromic sequence? Give example.

7) What armaand stbildkyd emdlss ?

8)Mention the role of selectable marker in cloning vector.

9)What is insertional inactivation?

10) Howan you make a bacterial cell competent to take up foreign DNA ?

HINTS
1) ( a) Genetic engineeringgtenance of sterile ambience.
2) The process of cloning multiple copies of a gene.
3) (a) identification of DNA with desirable genes

(b) introduction of the identified DNA into the host and

(c) maintenance of introduced DNA in the host araf Dé&fier its progeny.
4) By restriction enzyme bacteria can attack and destroy the phage DNA in case of viral attack and th
prevent viral attack.
5) Exonucleases digest DNA from the flank ( beginning/end) of the DNA strands. Whereas endonucle
catalyses the hydrolytic cleavage of DNA in the middle.
6) A segment of doeditanded DNA in which the nucleotide sequence of one strand reads same in
reverse order to that of the complementary strand. (always read from the same direction)
7) Double sinded ends of a DNA molecule (without any overhangings) produced by the action of cert
restriction enzymepolunt ends)/ Sticky endBouble stranded ehadd a DNAmolecule (with
overhangings) produced by the action of certain restriction enzymes
8) The selectable markeegi@ma cloning vector allowhéoselection and identification of bacteria that
have been transformed with a recombinant plasmid compared to narelaiESionmed the most
common selectable markers are genes foliranegistance (ampR) and tetracycline resistance (tetR )
and the lacZ gene used for blue white selection.
9) Insertional inactivation refers to the loss of activity of the selectable marker genes due to the insert
foreign DNA within the codigesee of the marker gene in a transfected bacteria.
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3-Marks Questions:

1)Enlist the major steps in recombinant DNA technology.

2)Mention the steps involved in the separation and isolation of DNA fragments through agarose
electrophoresis.

3)Desdpee in brief the principle of DNA isolation through gel electrophoresis.

4)Highlight the salient features that are required to facilitate cloning into a vector.

5) Enumerate the major steps for isolation of DNA.

6) Draw a neat ,labeled diagram off{l&) stimed tank bioreactor/ (b) sparged tank bioreactor.

Ansvers

1) RDNA Technology:

Restriction enzyme cuts double stranded DNA at its particular recognition sequence.

The cuts produce DNA fragments with cohesive ends

DNA from a plasmid was aisbycthe same restriction enzyme

When two of the above mentioned DNA come together they can join by base pairing.

DNAligase enzyme used to unite the backbones of the two DNA fragment®)@foducing R

2)Agarose gel electrophoresis:

3) DNAWhen chaegl molecules are placed in an electric field, they migrate toward either the positive
negative pole according to their chraogstrast to proteins, which can have either a net positive or net
negative charge, nucleic acids have a consistentchagggimparted by their phosphate backbone,

and migrate toward the anode DNA is electrophoresed through the agarosatigeti§roegahiee)

to theanoddpositive) when a voltage is applied, due to the net negative charge carried on DNA
4)Salienteatures of a DNA cloning Vectors:

Size: small enough to be easily separated from the chromosomal DNA of the host bacteria.

Bri site; must have the site for DNA replication that allows the plasmid to replicate separately from the
cell 6omec hr omo s

Blultiple Cloning sites :a stretch of DNA with recognition sequence for many different commonb restr
enzymes.

Selectable marker genes

BNApolymerase promoter sequence

5)Major steps for isolation of DNA: Cell containing DNA ith thesiizgnma/cellulose/chitinase

DNA along with RNA,Proteirglip released

Treatment wiRNAase,protease to remove R8lRratein

Appropriate treatment to remove other impurities

Addition of chilled ethanol to get precipitation of purified DNA

6) Consult NCERT Textbook page number 204

5-Marks Questions:

1) What do you mean by PCR? Briefly enumerate the major steps of PCR. Mention the utility of PCR.
Ans PCR is aycleof three steps:

DENATURATIOMhe strands of the DNAnagéied apdbly leating to 95°C

ANNEALINGhe temperature is reduced to ~ 55°C to allow the prineat tthe target DNA
POLYMERISATION/EXTENSH@N\emperature is changed to the optimum temperature in order for the
DNA polymerase to cataysensionf theprimerg,e.to copy the DNA between the primers.

Thecycleis repeated over and over agammany times as needed to produce a detectable amount of
product (DNA)
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Chapterl2 BIOTECHNOLOGY & ITS APPLICATION

Biotechnology is making Geneticaifiedhohanisamicrobegplantsanimals for industrial
production of Hitnarmaceuticals and other useful products.

Applications
i) Diagnostic & therapeutic i) Genetically modified crops
iii) Waste trerment iv) Energy production
v) Food processing vi) Bioremediation

Application in agriculture

Genetically modified organisms {9, bactarifungi, animalhose genes are altered by
manipulation.

Transgenic crops(GM@Yops contain or express one or more useful foreign genes.
Advantages) More tolerant to stresses (heat, cold, drought).
i) Rest resistants Gkbgs, redudbe usef Chemical pesticides: EBCotton
iif) Reduced post harvest losses$:lazg savr tomato.
iv) Enhance nutritional value of fedglolEgn Rice (Vitamin A enriched).
V) Inaeased efficiency of mineral use

PEST RESISTANT PLANTS

Bt-cotton -- BT stands f&acillus thuringien8sil Bacteria). Bacterium produces proteins

(Crystal Protetnyl AC cryll AB). A crystalliane insecticidal phnateirils the insects. Hecige

Genes have been introduced in plants to produce crystal proteins as Protoxin (inactive toxin), which is
converted to toxins in alkaline medium (i.e. in the gut of insects) and cause death of the insect larva.

Protectiorof plants against nematodésNematode Meloidogyne incognitéects tobacco plants &

reduces yield. Specific genes (DNA) from nematodes introduced into tAgphdnatstesury

tumifeciansoil bacteria). Gsproduce sense and antisemaamentary RNAct as dsRNA and

initiates RNAIi ( RNA interference) and silences the specific mMRNA. Complementary RNA neutralizes t
specific RNA of nematodes by a process called RNA Interference and parasite cannot live in transge
host.
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In mediine- genetically engineered insuiin

Human insulin consists of PolypeptideAcBaih Insulin secreted as Prohormone, which contains C
peptides, removed during maturation.

In 1983, Eli Lilly, an American company prepared 2 DNA sequéniceBasndiAg B.

T Genes inserted into the cells and tissues to correct certain hereditary diseases.
Gene therapy
Gene therapy corrects the gene defects in child or eibnay. @iéfDA causes SCID due to the
disorder of a gene. It can be cubehbayarrow transplantation. FunctionaD¥ND®is introduced in
lymphocyte and returned to the patient.
Molecular diagnosiss PCR(Polymesase chain reactise)d for early diagnosis of disorder.
ELISA(Enzyme Linked Immunosorbent Assayjaletect AIDS.
Transgenic Animals
Animalsvith manipulated genes or a foreign gene to be expressed are called as transgenic animals. T
are useful

1. To know how genes contribute to development of disease.
2. To use proteins for treatment of disease.
3. To verifyaccine and chemical safety.
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Biropiracy-- Some organizations and multinational companies exploit or patents bioresources of other
nations without proper authorization. Indian patent bill is there to prevent such unauthorized exploitatic
GEACGFor vatlity of GM research and the safety of introducing GM organism
Three mark question
1) What is the main advantage of pgodenetically engineerednif?suli
Ans Produces only A&B peptides.
No GPeptides produced .
No need to remow® ptides during onation.
2) What are the advantages of Molecular diagnosis technique?
Ans 1) Accurate,
Disease can be detected at very early stage
Can be diagoniseeenf the number of pathodgewery low.
What are the potential risks ( Three ) of using GM food?
Ansi Potential riski Products of transgeakergic or toxic
if) Cause damage to natural environment
iif) Weeds also become resistant
iv) Can endanger natpecies
4)What is hirudiHew do you get it?
Ans Anti coagulant. obtained from transgenic brassica napus.
5) Howdoesagro bacterium help to increase Tobacco production?
Ans- Introduction of Nematode specific gene.
Production of dSRNA(Sense dHBemse)
Silence specific MRNA.
6) Why do farmers face the problems in Agro chemical based farming?
Ans- 1. Too expensiv& Conventional breeding not able to increase production.
7) Why should farmers in India cultivate GM crops?
Ans- Tokrant tetress, pest resistdass post heest losses, increased minsnglefficiency.
Five mark question
1)Explain the steps involved in the production of genetically engineered insulin?
Ans i) Human insulin consists of 51 amino acids arrangsaimiciiadhB bearing 21 and 30 a. a
respectively interconnected by disulphide bridges.
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DiagrarmMaturation of proinsulin into insulin after rempeaiioec

i) Insulin synthesized as prohormone haspexitide which is removed during maturation.
iif) In 1983, Eli Lilly, American company prepared two DNA sequences similar to A and B chains of
human insulin(humulin).

iv) Chain A and B extracted andnemhidy creating disulphide bonds.

Keywords of the chapter

Genetically Modified Organism(GMO), Bt cotton, insecticidal proteins, cry genes, pest resistant plants.
interference(RNAI)/RNAsilencing, dsRNA, Genetically engineered insulinAffehelefierapgy , c

DNA, Molecular diagnosis, transgenic animals, Bio ethics, Genetic Engineering Approy
Committee(GEAC), Bio piracy, Indian patent bill.
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Chapter 13 ORGANISMS AND POPULATIONS

Ecology
# It deals with the interaction (i) Angenrgsors (i) Between organisms (iii) Physical

environment.

Atmosphee

Organism

Hydrosphere Lithosphere

Biome

# Combination of various communities.

# Seasonal variation and annual variation lead to biome formation

# E.g. Artic and Alpine tundra, coniferous forest, teregegtestoland and desert.
Environment

v
Abiotic factors Biotic factors
Temperature, soll, Microorganisms, plants,
water, light Animals

Temperature
# Average temperature varies seasonally
# Organisms Eurythermal or Stenothermal
# Organisms affected by Global Warming.
Water
# Influences life of organisms. No life without water.
# Productivity and distribbatigolants water dependent.

#0Organisms Euryhaline or Stenohaline.
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Light

# Photosynthesis and release of oxygen light dependent.

# Sciophytes need use diurnal and seasonal light intensity of forage, migration and

reproduction.

Soil

# Nature angroportion of soil in a place depends on climate, weathering process and types of

soil.

# Soil composition, grain size and aggregation determine percolation and water holding capacity

of soil.

# Physical and chemical properties determine typard plamsls that survive in a habitat.
Response to environmental condition

Regulation

suspenion «——— organism ———» conformation

l

Migration Adaptation

Regulation

# Organisms maintain homeostasis achieved by physiological and behavioral means

# Thermo regulation and osmo regulati

Conformation

# Cannot maintain constant internal Environment

# Body temperature and osmotic concentration of body changes with ambient temperature and
concentration of medium.

Migration

# Organism moves away temporarily to another habéfail icostagion.

e.g- Migratory birds

Suspension

# Organisms suspend their metabolic activities during stressful condition
# Resume their function at the return of favorable conditions.

E.g. Hibernation of Frog, Reptiles, Polar Bear etc

# Aestivation in Snail and Fish.

# Seed dormancy.
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Adaptation

# Morphological, physiological and behavioral changes that enable organisms to adjust to the
ever changing environment .

E.g. Kangaroo rat survives in desert conditions through idlatiBonabfofat, removing
concentrated urine of less quantity.

# Al | -eold dlimater mamreals have shorter ears and limbs to minimize heat loss.

# Polar mammals like seals have blubber to prevent heat loss.

# Burrowing habit to escape form heat

#Higher count of RBC, Hb at high altitudes.

Population attributes

*Birth RateNumber of individuals born per thousand per year.
*Death Rate Number of individuals die per thousand per year.
*Sex Rati® Ratio of mafemale in the population.

*Population density.

Age pyramids

# Three ecological ages:

# Prereproductive, Reproductive andRBpsiductive

# High proportionpeproductive individuals occur in expanding population
# Prereproductive individuals are uniform in stabliepopula

# Prereproductive individuals are less in Declining population.

Representation of age pyramids for human population

PostReproductive

Reproductive

PreReproductive

EXPANDING STABLE DECLINING
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Population growth

Factors that affect the size of population

Food availability
Weather

Predation pressure

Compstion

Density of population at any time at a given place depends on

Natality, Mortality, Emigration Immigration

Population growth models

Refer to NCRT text book Pg.N0.230

Factors that affect population density

+

NATALITY —»

IMMIGRATION
[1]

POPULATION DENSITY—> MORTALITY

[B] l [N]
EMIGRATION
[E]
Types of population interactions
INTERACTION SPECIES a SPECIEC b
Mutualism + +
Predation + -
Parasitism + -
Commensalism + 0
Competition - -
Ammensalism - 0

Mutualism

Both the species get benefited.
Lichens Relationship betweepihtosynthetic Fungus and
photosynthetitgde or Cyanobacteria.
Mycorrhiza Asociation between Fungui and Higher Plants like Pinus.
Plants and insects for pollination
Orchid ophrys and male bee a good examplev@dtiaio of plants and

Animals.
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PREDATION
One species get benefited aratitebarmed.
Tiger and Deer
Snake and Frog
Herbivores and plants
Competition
Both the species are harmed.
Flammingoes and resident fishes compete for the common léad inooplan

A South American lakes.
Abington Tortoise and goats in
Galapagos Islands for food.
Gouseos Competitive
PrincipleTwo closely related
species competing for the same
resource  caot  ceexist
indefinitely and  het
competitively infenae will be

eliminated eventually.
Parasitism

One species gets benefit and the other is harmed.

Parasites

!

l | l

Endoparasites ectoparasites b
Liver fluke, plasmodium lice, ticks K

Adaptations of parasites

# Loss of sense organs

# Presence of adhesive organs or suckers

# Loss of digestive system

# High reproductive capacity.

Ammensalism

One species hurts the other but the other is not affected.

Penicillium secretes Penicillin and kill Bactegribid&tdmicillium does not benefit.

Algal bloom leads to death of fishes, but the death of fishes is of no use to the algal bloom.

Commensalism

One species benefits and the other neither harmed nor benefited.

The cattle egret catches the insectbeatishy moving cattle, but the cattle neither harmed
benefited.

Another example

The clown fish gets protection from predators by close association with sea anemone, but the

anemong&nd effeatd
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Short answer type guestions (3 marks)

1. What is brood parasitism? Give an example. What adaptation has evolved in this phenomenon?

Ans. One species lays eggs in the nest of another bird, lets the host incubate them. e.g. Cuckoo lay

in the nest of a crow.

TheEggs othe parasite resemble the eggs of the host in colour, size. Reduce chances of the h
bird detecting the foreign eggs and ejecting them from nest.

2. Name and explain the kind of interaction in the following.

Ans. 1. Algae and Fungi imkiche

2. Head Louse Humans
3. Hermit Crab and Sea Anemone
() Interaction of mutualismewthe two species are eqbatefited. Fungus provides protection,
helps in absorption of water and midgesgrovide food for the Fungus.
(if) This is case of Parasitism where the louse is an ectoparasite. Parasite takes shelter on humans ar
derives nutrition.

(iii) It is commensalisms where one species is benefited and the other is neither benefited nor affecte
Anemones benefited as it does not have to move to places rich in nutrients, while hermit crab is ne
benefited nor harmed.

3. How does Ophrys get pollinated by bees?

Ans.1. Sexual deceit.

2. One petal resembles female.
3. Male pseuclmupulates with the flower.
4. Pollen grain transferred from one flower to another.

4. Biomass is a more meaningful measure of population size. Explain with an example.

Ans. (i) Population lafg&al number is not an easily adoptable mEasuateg takes long time or

practically impossible

(i) There is no need to know the absolute population size for some investigations.
(i) Number may sometimes be misleading e.g. In a given area tRarthareu?Pl@ants and a

sirgle banyan tree. Here biomass size of the banyan tree is much more tharPantemiah200

plants.
5. Give example of how plant protects themselves from the predators.
Ans. (i) Thorns. H.¢Rose, babool etc.
(i) Chemicals that carhidlenimals. E.@G.alotropis etc.

6. What is interference competition? Define competitive exclusion principles.

Ans. (i) Feeding efficiency may be reduced due to interference of anothé gypecees] Bempr.
(i) Two closely related spawmed same resource can retisbindefinitely.

(5 Marks) Questions:

1.What are the different types of population growth pattern? Mention their differences.

Ans: a. Logistic and Exponential growth

b. S Shaped curve, J shaped curve. Liaatong, BNbmiting Factors
2.With the help of age pyramids explain the nature of a population.
Ans: a. Preproductive/-peoductive/ pagtproductive
b. increasing population/ stable population/ declining population
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CHAPTER14. ECOSYSTEM
QUESTIONS

[2 MARKS QUESTIONS]

Q1.What are decomposers? Write their function.

Ansa)Saprotrophs feed on dead bodies of organisms, b) Decomposition and mineralization.
Q2.What is the difference between gaseous and sedimentary cycle?

Ansa) GasausReservoir in atmosphere ,Nitrogen cycle b) SedBwieatgriyosphorus.

Q3.Why is the length of a food chain in an ecosystem generaliy trojbit te\&:Is?

Ansi As 90% energy is lost in thedidreat from one trophic level to anesidual energy decreases
drastically withi¥3 2rophic levels.

Q4.What are the differences between detritus and grazing food chains?

Ansa) Begins with Detrtiesd and decaying organic matter. b) Gegimgywith Living green plants.
Q5.What are theo basic catagories of ecosystem? Give example.

Ansa) Terrestrilorest, grassland, desert. b) Afaetil; lake, sea, ocean

Q6.Mention two factors by which productivity is limited in an aquatic ecosystem.

Ansa) Lightlecreases with increasingrwlateth. b) Nutriéhtmiting factor in Deep Ocean
Q7.What is food chain? Give an example.

Ansa) Food and feeding relation among organisms makes a chain like stridcReed) iBrass
Q8.Expand PAR, How much PAR is used in gross primary?productivity

[ 3 MARKS QUESTIONS]

Q1.Briefly describe the process and products of decomposition.

AnsBreakdown of complex organic matter by decomposers)@dyoeggsation ii)leaching
iii)catabolism. Humification and minerdlimatdication leads to andgation of dark colour substance

called humus. Mineralisation result in release of inorgranic substances.

Q2.Give account of factors affecting the rate of decomposition.

Ansa) climatic factor)temp ii) soil b) chemical quality of detritus Higlred tawipt conditiohigh

rate of decomposition Dry soil , High tempate

Q3) What are ecological pyramids ? Mention its limitations .

Ansi a) Arrangement of trophic levels from producers to top carnivores forms pyramid like structure 3t
T i) Brramid of number ii) Biomass iii) Energy

Limitationisi) Assumes simple food chain ii) Single species may operate at two or more trophic levels.
Q4 ) Explain carbon cycle with ray diagram .

Ansi Given in text.

Q5 .Describe pond as an ecosysterRoAidshas biotic and abiotic components

a) Bioti¢ Phytoplankton ,Zooplankton , small fishes , large fishes , frogs , snake ,etc.

b) Abiotiewater , dissolved organic and inorganic substances ,sunlight , temp .

Phytoplankton (microscopic plapteducers . Zooplankton (microscopic anhipnatgjy consumers

Small fishesecondary consumers Large fishes , fro,tertély consumers.
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