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CHAPTER -1 SEXUAL REPRODUCTION IN FLOWERING PLANTS
MNote - For answers of intext questions, scan the QR code of the Question bank of the chapter

Syllabus(2026-27) :Marks(6-8) Flower structure; development of male and female gametophytes;
pollination - types, agencies and examples; out breeding devices; pollen-pistil interaction; double
fertilization; post fertilization events - development of endasperm and embryo, development of seed and
formation of fruit; special modes- apomixis, parthenocarpy, palyembryony; Significance of seed dispersal
and fruit formation.

Parts of flower

All  flowering plants show
sexudl reproduction.

A complete flower consists of
calyx, corolla, androeciurm and
gynoecium.

Androecium i  the male
reproductive  structure that
consists of a3 whorl of stamens.

Gyneecium is the female
reproductive  structure  that
consists of a whorl of carpels
{pistils)

Each carpel has three parts

stigma: Landing platform far pallen grains.

Style: It is the elangated slender part beneath the stigma,

Owary: Basal bulged part of pistil, has ovarian cavity (locule). Placenta is located inside ovarian

cavity.

A typical stamen is composed of filament and anther. Filament: It is a long slenderstalk. The
proximal end of the filament is attached to the thalamus or the petal of the flower. Anther is
terminal and generally bilobed structure and each lobe having two theca je., they are dithecous.

Anther is a four-sided (tetragonal) structure consisting of four micrasporangia located at the
corners, two in each lobe. The micrasporangia develop further & become pollen sacs, They
extend lengitudinally all through the length of an anther and are packed with pollen grains.
Structure of Microsporangium: A typical microsporangium is generally surrounded by four wall
layers.

Name and Function: 1. Epidermis (outermost mono layer) — protection

2. Endothecium (Hygrscapic mono layer): Dehiscence of anther.

3. Middle Layers (3-5 thick cell layer) — Nutrition of tapetum.

4. Tapetum (ameboid mona layer)- nourishment of developing pollen grain.

Mrcrospnrugenesls is 3 process of formation of microspores from PMC (Pollen Mother Cell).
MEIGSIE IN MICROSPORE MOTHER CELL
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Megasporogenesis

It is the process of formation of megaspares fram the megaspore mother cell is called
megasporogenesis. Ovules generally differentiate a single megaspore mother cell (MMC) in
micrapylar region of the nucellus. MMC undergoes meiotic division and results in production
of four megaspores. In majority of flowering plants one of the megaspores is functional while
the ather three degenerate. DOnly functional megaspore develops into the female gametophyte
(embryo sac). This method of embryo sac formation from a single megaspore is termed
monosporic development,
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pollen grain of angiosperms

EPERMS e represents the male
' gametophyte
It has prominent two layered wall: exine and intine.
* The outer layer exine is made up of sporopellenin and the intine is made up of pectin and

cellulose.

e Poilen grains of many species cause severe allergies.
e Pollen grains are rich in nutrients

o Paollen viability: depends on both temperature and humidity,

Pollen of a large number of species can be stored for years in liquid nitrogen {-196°C] in pollen
banks for crop breeding programme.

Q 1. A plant has 6 flowers with 1 pistil contains 5 ovules. All flowers are
pollinated and all ovules are fertilized. How many seeds and fruits will be

formed?




Difference between Microsporogenesis and Megasporogenesis

S.No

Microsporogenesis

Megasporogenesis

1

from diploid mother cell or polien
mother cells (MMC or PMC).

In this process, haploid microspore are formed

lIn this process, haploid megaspore are
formed
{MMC).

from diploid mother cell

2 it occurs inside the microsporangium or It accurs inside the nucellus of ovule or
pollen sac of an anther. megasporangium.

3 [There are many microspore mother cellsina  There are generally a single megaspore

. micrasporangium. mother cell in a megasparangium.

4 [The four microspore formed from a single The four megaspore formed from a
micrespore  mother cell  are generally megaspore mother cells are arranged in
arranged in a tetrahedral structure. the form of a linear tetrad.

5 All the four microspores arranged in a Only one megaspore remains functional
tetrahedral tetrad are functional. while the other three degenerates,

6 The  microspores give rise to male The functional megaspore gives rise to
sametophytes. fernale gametophytas.

Difference between megaspore and embryo sac

The Megasporangium (Ovule) —Nucellar cell{one)
generally differentiate into a single megaspore
mother cell (MMC) towards micropylar region of
ovule.

In majority of flowering plants, one megaspore
remains functional and three degenerate.

F b

Funibule

BRlicrugr le

2 . — Mdparogey lar podle

@ CFidpr

| 1otegmunien

gl N
FEmbryw =ac

Innar

Chaliveal paole

Female Gametophyte (Embryeo sac)

Itis 7-celed and 8-nucleated

Clhunliveal encl

= At I.I}III.I]IIH

Trolivr v led
Cenlral cell

Eogtat

— Symerdids

Filiform

; apparatus
Micropviar end Pl 2

Q.2 A flower of brinjal plant following the process of sexual reproduction procedure 260 viable

seads.

(HOTs)

Answer the following questions giving a reason:
(z) How many ovules minimally involved?

{b) How many megaspore mother cells are involved?

[€) What is the minimum number of pollen grains that must land on stigma for pollination?
{d) How many male gametes are involves in the above case?




(e} How many microspore mother cells must have undergone reduction division prior to
dehiscence of anther in the above case?
Pallination

self-pollination is of two types i.e., autogamy and
geitonogamy (genetical autogamy and functional
cross pollination). Autogamy can be promoted by
cleistogamy.

Xenogamy can be promaoted by chasmogamous
flower.

Outbresding Devices: Mechanisms to avoid self-
pollination like:

i} pollen release and stigma receptivity non-
synchronized. i) Different positioning of anther
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and stigma. iii} Self-incompatibility (regulated by genetic mechanism) wv)Unisexual Aowers e.g.
papaya, cucumberete.

Pollen-pistil interaction is a PEA FLOWER SELF-POLLINATION & FERTILZATION STAGES
chemical-mediated dynamic process. s s SEFPOLLMATION e 1 Polination 2 Palien Geminatian

Following compatible pollination,
pollen tube grows through the
tissues of the stigma and style, the
contents of pollen grain move into
pollen tube. The growing pollen tube
carrying two non-motile male
gametes, reaches the ovary, enters
the ovule through micrapyle & then
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the filiform apparatus, which guides | pa e e et | oo | Dkl s |
the entry of pollen tube. =

Artificial hybridization  Double Fertilization? |

1. Desired pollen is selected and  Generative cell of pollen grain form 2 male gametes
used for controlled pollination.

2. Emasculation

— removal of anthers from bisexual
Howers to prevent self-pollination.
3. Bagging

— stigma is covered/protected from unwanted pollen contamination.

4. If lower is unisexual {female} , emasculation is not needed (no stamens present}.

Double Fertilization

Syngamy & triple fusion are called double fertilization, an event unigue to flowering plants. The
central cell after triple fusion becomes primary endosperm cell (PEC) and develop into endosperm

Endosperm

1" fusion: 1 male gamete (1n) + egg (10} =2yaote (2n)

Ty nuciews iﬂl
=Frimary endosperm nucleds (dn)




Endosperm development precedes embryo development, as it is filled with reserve faod materials
and used by developing embryo. Embryo develops at micropylar end of embryo sac where the
zygote is situated.

Early stages of embryo development (Embryogeny) are similar in both
monocotyledons and dicotyledons.

Zygote —Proembryo Globular Embryo-— Heart-shaped Embryo —- Mature Embryo

Q.3 Identify 'U’, 'X', 'Y’ and 'Z' in 2 developing dicot embryo.




Seed

In-angiosperms, seed (fertilized ovule) is the final product of sexual reproduction, formed inside fruits.
A seed typically consists of seed coats, cotyledon(s) & an embryo axis.

Significance: 1.Biological Significance (Ecological) -Better Adaptive Strategies:

2.Protection and Nourishment: necessary nourishment for initial growth,
3. Dispersal and Colonization
4.Ganetic Variation: essential for adaptation and evelution.
5.Dormancy for Survival: helping the species survive through droughts or harsh winters.
6.Agricultural and Economic Significance
Lupinus arcticus seed germinated and flowered after estimated record 10,000 years of dormancy.
Phoenix doctytiferc (date palm) seed remained viable for 2000 years.

0.4 (a)How does a farmer use the dormancy of seeds to his advantage?
b) What advantages a seed provides to a plant?

Types of seeds

Seed Type

Description

Key Characteristic

Examples

Mon-albuminous (Ex-
albuminous)

Mo residual endosperm
remains in the mature
sged.

Endosperm is completely
consumed during

| em br:g!rn deveiqpment

Pea, Groundnut, Beans

remnants of the nuceilus
are persistent.

(persistent nucallus).

Albuminous | The sead retains a Endosperm is not Wheat, Maize, Barley,
significant portion of the | completely used up Castor, Coconut
endosperm. during embryo

development.
Perispermic | Seeds whare the Presence of Perisperm Black Pepper, Beet

True fruits develop from ovary.
In-apple, strawberry, cashew, etc., thalamus also contributes to form fruit called faise fruit.
Parthenocarpic fruit develop without fertilization eg. Banana.

Apomixis

& Formation of seed without fertilization is Apomixis.

& Apormixis is asexual form of reproduction but mimics sexual reproduction in term of seed

formation.

e Apomixis maintain the gene combination from parent to offsrings.

e |f hybrid seeds are made apomictic there will not be loss of superior characters in the next
generation so farmers need not to buy new hybrid seed every year (cost effective).

Polyembryony

¢ Formation of more than one embryo within a single embyosac{female gametophyte)

e Some species of Asteraceae & grasses have evolved a special mechanism ta produce seeds
without fertilisation called apomixs.




e |n Citrus and mango, nucellar cells protrude into embryo sac & develops into embryos, so each
ovule contains many embryos {polyembryany)

Q.5 Write the ploidy of apomictic embryo developed from the integument cells and megaspore
mother cell without reduction division respectively?




SEXUAL REPRODUCTION IN FLOWERING PLANTS
(NCERT Class 12)
I —
1. FLOWER - REPRODUCTIVE ORGAN
A typleal fAewer has four wharls:
Calyx, Corolla, Jtndt_u:tium aitd Gy,

.

2, GAMETOPHYTE FORMATION
» Male gametaphyta (Pollen gmin) b formed In the pollen sars
of nrthers
s Femnale gametophyte (Emhrio sse) s formed [n the ovale
imgide the ovary,
|
_ v _ ] L 2 -
| MALE GAMETOPHYTE (POLLEN GRAIN] | | FEMALE GAMETOPHYTE (EMBEYOQ SAC) |
Y v

i) ln esch pollen Bii.l-' (misTosponangium),
micraspore mather cells (2n) undergo melosis

) In the ovule, o megaspore mother coll {20)
undergoes melosls to form 4 megaspores (0);

to form microspores (n), one functional megaspore remains.
. ) Bach microspore undergoes mitosis o form . 1) The functional megaspore undergoed
* a pollen grain (male gametophyte) with three successive mitotic divisions to farm

2 celly - o vegetative cell amd 5 generative cell an embryg sac (female pametophyte)
with 7 cells and # nuclel,

v | v

| ) The generative cell divides mitotically 9 o) Embryo sac structone:

form two male gametes. | egg cell, 2 synerghds, 3 antipedals,
. and a central cell with 2 polsr niclel.
. | J
v
3. POLLINATION
Tranafer of pollen prainas from anther to stigmo.
(May be self or cross pollinationg
v

4. FERTILISATION (DOUBLE FERTILISATION)
# Pollen grain germinastes on thie stigma and pollen tube grows through the style to the avule
¢ The genermtive cell divides (o form two male gametes.
= One male-gamete fuses with the egg cell 1o form a diploid aygote (2o} - Symgemy.
» Thie ather mule gurmete fuses with the twa polar nuclel in the contral ezl form s triplodd privry
emdosperm nueleus (0] - Triple fusion.

L
5, POST-FERTILISATION EVENTS
Zypote (2n) Primary endngperm . Seed contains
dvelopn intn. —  nueleus (3n) develops — nﬁﬁf“' — ““;ffﬂ";m““"’f“.t —> embryo and
Erribrya intor Endogperm endigperm
4

6. SIGNIFICANCE
Leads to the formution of seeds and frults, ensures genetie vartation,
and maintaing continlty of specie




CHAPTER 2 HUMAN REPRODUCTION
Mote - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE é{rliai:us [zﬂzs-z?]Marks{dij . Male and fernale reprnﬂ'uct[{re systems; microsco pit anatomy of
testis and ovary; gametogenesis -spermatogenesis and oogenesis; menstrual cycle; fertilization, embryo
dem!ﬂpment up to blastocyst fnrmati{:-n impiantation- pregnanty and pJacenta formation (elementary

The Bm[ngacal Process by which urgamz ms produce offsprings of their awn Kind.
Male Reproductive System

r—— //—[I—' ;‘:E‘:}g | Location — The male reproductive |
7N i system is in the pelvic region.
Vas deforens — & /,r: | R ;
= —~1 :‘fﬁﬁ‘ﬂ_ Main Parts — It includes testes, accessory
|~ j 1 f A Prostate ducts, glands, and external genitalia
C. 1 Hu’Eh:mr:t]:mJ (penis).

Scrotum — Testes are present in the
serotum, which keeps them 2—2.5°C
cooler than body temperature for
spermatogenesis.

Testes — Each testis is oval-shaped and

W divided into about 250 testicular lobules.
“Fareskin

Glans ”pmgg Seminiferous Tubules — Present inside
Accessory Glands — Seminal vesicles(1 pair), prostate lobules; they are the site of sperm
gland(1), and bulbourethral glands{1 pair) produce production.

Sertoli Cells — Provide nourishment and
support to developing sperms.,
Leydig Cells — Present between

seminal plasma rich in fructose, calcium, and enzymes.

Penis and Urethra — Penis is the external genital organ

for insemination, and the urethra carries semen seminiferous tubules and secrete male
outside through the urethral meatus. harmones called androgens
The path of sperm in human males, (testosterane).

Accessory Ducts — Rete testis, vasa
efferentia, epididymis, and vas deferens

(inside of testis) Seminiferous tubules - Rete testis >
Vasa efferentia = Epididymis = {outside testis) Vas

deferens = Ejaculatory duct — Urethra— Urethral help in storage and transport of sperms.
meatus

Q.1 In the given figure, an enlarged section view of a seminiferous tubule, study the -v:‘:"c'ﬂ‘:.
figure and answer the questions. -;}u 35 ' f‘“
a. State the functions of part ‘¢’ 00 =
b. What is the genetic makeup of a cell & rﬁ iy {

c. Identify the parts 'a’ and ‘b '[’\

Q. 2 Read the passage carefully and answer the following questions:

A group of biology students visited a research lab studying male fertility. The scientist explained the
process of spermatogenesis, which begins at puberty under hormonal control. Inside the seminiferous
tubules, undifferentiated spermatogonia undergoes mitosis and meiosis to form spermatozoa. The
process is regulated by hormones like FSH, LH, and testosterone, and supported by Sertoli cells and
Leydig cells, The scientist also explained that factors like hormonal imbalance or testicular damage
can impair spermatogenesis and reduce male fertility.

Questions:




State the role of Sertoli cells in spermatogenesis.

. Hlustrate the role of the pituitary hormone that acts on the Leydig cell.

Describe the sequence of stages involved in spermatogenesis from spermatogonia to

spermatozoa.
OR

. Mention the role of testosterone in this process.

Female Reproductive System

Hierine fundus
Ulerine cavily

I f_

/fm'*

Endometrinum ——
Mytmetrium

Perimetrium

Vagina

g D -F Infundibulum

phompdi | SRS

Layers of Uterus — 5
Perimetrium — Outer layer

Myometrium ( middle smooth muscles) —
Middle muscular layer for childbirth
contractions

Endometrium — Inner glandular layer
showing menstrual changas

Birth Canal — Cervical canal together with
vagina forms the birth canal.

Externzl Genitalia —

Mons pubis
Labia majora *
Labia minora
Hymen
Clitoris
o

Mammary Glands — Produce and secrete
milk for nourishment of baby. ]

Main Parts —consists of ovaries, oviducts
(fallopian tubes), uterus, cervix, vagina,
external genitalia, and mammary glands.

Functions — It helps in  ovulation,
fertilisation, pregnancy, childbirth, and child
care,

Ovaries — Primary female sex organs that
produce ova (eggs) and ovarian hormaones.

Structure of Ovary — Each ovary is 2-4 cm
long and has:

Outer cortex

Inner medulla

Fallopian Tubes (Oviduets) — About 1012
em long; transport ovum to uterus.

Parts of Oviduct —

Infundibulum — Funnel-shaped part near
ovary

Fimbriae — Finger-like projections that
collect ovum

Ampulla — Wider middle part

Isthmus — Narrow part joiming uterus

10




e Uterus (Womb) — Pear-shaped organ where

e Milk Pathway/Lactation pathway - embryo develops; opens into vagina through
Alveoli 2 Mammary tubules = Mammary CarvixK,
ducts - Mammary ampulla = Lactiferous
duct,

Gametogenesis :The process of formation of sperms and ova (eggs) in organisms.

Oogenesis{farmation of ova (eggs)) Spermatogenesis(formation of sperms)

¢ Oogonia (2n = 46 chromosomes) multiply by

g E : ; ® Spermatogonia (2n = 46 chromosomes)
mitosis during fetal life to form primary cocytes.

divide by mitosis to form primary
e Primary oocyte begins first meiatic division and spermatocytes at puberty.

remains arrested until puberty,
P ¥ e Fach primary spermatocyte undergoes

® At pubarty, first meiotic division completes to first meiotic division to form two
form a secondary cocyte and first polar body. secondary spermatocytes (n = 23).

® Secondary oocyte undergoes second meiotic e Secondary spermatocytes undergo
division to form ovum and second polar body. wocond meiotic division.

¢ One functional avum (n = 23) is formed along e This produces four haploid spermatids
with polar badies. (n=23).

® Spermatids differentiate into mature
spermatozoa (sperms).
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Q.3 Mention the difference between spermiogenesis and spermiation.
Q.4 The Correct number of Chromosomes in Human spermatogonia, Primary spermatocytes, and

Spermatids is respectively
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Head

Mucleus
Centricle Heﬂk
Mitochondria —ﬁ :; Body (Mid Piece)
Terminal Disc End Piece

Plasma Membrane

Sperm Cell

e

Axial Fllament

Sperm is a microscopic male gamete
covered by a plasma membrane.

It has four parts — head, neck, middle
piece and tail.

The head contains an elongated haploid
nucleus.

The anterior part of the head has an
acrosome with hydrolytic enzymes for
fertilisation.

The middle piece contains many

mitochondria that provide energy for
movement of the tail.

Menstrual Cycle

3
H

FSH

oy

Pi
Hormone

Developing follicle

Ovarian

Muture follicle

o
&
Q@
®
ga
@
&
®

Progesterone

Developing
corpus luteum

Utering evenits Hormone levels

Days
M
Menstrustion Follicular Luteal phase Next cyele
(Proliferative phase) (Secretory phase) heging
Days of Menstrual Lterine Events Owarian Events Hormones involved
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Day 1-3 (Menstrual Breakdown and shedding of | Old corpus luteum Low estrogen and
Phase) endometrium; menstrual degenerates progesterone
flow oecurs
Day 613 (Follicular / Endometrium regenerates Primary follicles graw; Increasing FSH and LH;
Proliferative Phase) and thickens one develops into mature | estrogen secretion
N | Graafian follicie increasas ]
Day 14 (Ovulatory Endometrium continues Rupturs of Graafian LH surge; peak of LH and
Phase) thickening follicle and release of FSH
ovum (ovulation)

Day 15—78 [Luteal / Endemetrium becomes thick, | Formation of Corpus Progesterone mainly;

Secretory Phase) vascular and ready for luteum some estrogen

If Fertilization Dosas Mot | Endemetrium breaks down Corpus luteum Progestercne and

Occur leading to menstruation degenerates estrogen decrease

If Fertilization Occurs Endometrium malntained for | Corpus luteum persists Progesterona remains
_ |pregrancy 1| high -

Days of Menstrual Literine Events Ovarian Events Hormones involved

Cycle

Q.5 The graph given below shows the variation in the levels of
ovarian hormones during various phases of the menstruz| eycle:
a. Identify ‘A’ and 'B’.
b. Specify the source of the hormone marked in the
diagram.
c. Reason out why A peaks befora B. Daga
d. Compare the role of A and B.
e. Under which condition will the level of B continue to remain high on the 28th day?
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Fertilisation and Implantation

1.

During copulation, semen is released into the vagina and sperms travel to the ampullary region of
the fallopian tube. '

Fertilisation is the fusion of sperm and ovum, forming a2 diploid zygote (46 chromosomes).
Acrosomal enzymes help the sperm penetrate the avum; only one sperm enters due to changes in
zona pellucida.

The zygote undergoes cleavage divisions farming 2, 4, 8, 16 blastomeras and then a morula.
Morula changes into blastocyst which gets embedded in the uterine endometrium; this is called
implantation.

Pregnancy and Embryonic Development

1.
2.
3

4;
5.

After implantation, chorionic villi (from Trophoblast) and uterine tissue form the placenta.
Placenta supplies oxygen and nutrients to the foetus and removes wastes.

Placenta acts as an-endocrine tissue and secretes hormones like hCG, hPL, estrogen and
progesterone.

The embrye forms three germ layers — ectoderm, mesoderm and endoderm.

Human pregnancy lasts about 9 months; by the ninth month the foetus becomes fully developed.

Parturition and Lactation

Wi N

Parturition is the process of childbirth after about 9 months of gestation.

Foetal ejection reflex and oxytocin harmone cause strong uterine contractions for delivery.
After delivery of the baby, the placenta is expelled out.

Mammary glands produce milk after childbirth by the process called lactation.

The first milk called colostrum contains antibodies {igA) important for the newborn baby.

Important Hormones Produced by Placenta and Their Functions

Hmmune Fonction
h€G (Human Chorionic Maintains Corpus luteum and supports pregnancy
Gonadotropin)
hPL {(Human Placental Lactogen) preparation of mammary glands
Estrogens Help growth of uterus and mammary glands
Progesterone Maintzins endometrium and pregnancy
Relaxin Relaxes pelvic ligaments and softens cervix during

childbirth
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CHAPTER-3 REPRODUCTIVE HEALTH
MNote - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE Syllabus (2026-27): Marks (2-4) Need for reproductive health and prevention of Sexually
Transmitted Diseases (STDs); birth control - need and methods, contraception and medical termination
of pregnancy {MTP); amniocentesis; infertility and assisted reproductive technologies - IVF, ZIFT, GIFT
{elementary idea for general awareness).

Problems of Reproductive Health Strategies [/ Solutions
e lack of awareness about reproductive & Awareness programmes through media, NGOs and
health government
e NMyths and misconceptions about sex ® Sex education inschools
¢ LUnsafe sexual practices ¢ Fducation about safe and hygienic sex
® Spread of STDs and AIDS ¢ |nformation, prevention and treatment facilities
¢ Uncontrolled population growth ® Family planning and birth control awareness
e Poor maternal and child health ¢ Proper pregnancy and post-natal care
® Female foeticide ® Ban on sex determination by amniocentesis
® Sexabuse and sex-related crimes ® Social awareness and education
o |nfertility and menstrual problems e Medical assistance and counselling
o Lack of meadical fatilities ® Better hospitals, infrastructure and trained

professionals

e High maternal and infant mortality ¢ |mproved medical care and immunisation
® Gender inequality #* FEqual opportunities for male and female child
Points to go through
® Population Explosion ® Rapid increase in population due to better health care and living
conditions.
¢ World Population e 2 hillion (1300) — 6 billion (2000) - 7.2 hillion (2011).

Growth
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¢ Indian Population e 350 million (1947) = 1 billion (2000} = 1.2 billion (2011}.

Growth

® Reasons for & .| Deathrate, | MMR, |- IMR, T reproductive-age population,
Population Growth Tlife span

¢ RCHProgramms e Helped reduce population growth marginally.

¢ Population Growth ® lessthan 2% (20/1000/year) in 2011 cansus.
Rate

¢ Problems Due to e Scarcity of food, shelter, clothing and natural resources

Overpopulation

¢ Government Measures * Promote small families and birth control methods.
¢ Hum Do Hamare Do ¢ Slogan promoting two-child nerm.

¢ One Child Norm | & Adopted by many young urban couples,

e Marriageable Age & Female — 18 years; Male — 21 yoars.

¢ Incentives for Small * Government rewards couples with fewer children.
Families

¢ |deal Contraceptive e User-friendly, effective, reversible, fewer side effects.

¢ Types of Contraceptive e Natural, Barrier, IUDs, Dral pills, Injectables, Implants, Surgical
Methods meathods.

4.1 How will the population be affected if there is increase in IMR and decrease in MMR?
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Category Mechanism of Action I Specific Types / Examples Key Features/
Advantages.
Matural Methods | Prevent physical meeting of sperm Periodic abstinence, Zero side effects; high

and ovum without chemicals or
devices.

Withdrawal method,
Lactational amenarrhea.

fallure rate: no cost.

Barrier Methods Physical biockades that prevent Condoms (e.g., Nirodh), | Protects against STDs and
sperm from reaching the owvum. Diaphragms, Cervical AIDS; disposable and
caps, Vaults. user-friendly.
ILIDs (Intra Inserted into the uterus to affect Mon-medicated: Lippes Ideal for spacing children;
Wterine Devices) sperm motility or Implantation. loop; Copper-releasing: Copper ions suppress
CuT, Cu7; Hormonal: LNG- sparm motility.
20.
Oral Fills Hormonal preparation that Satieli (Nen-steroidal), Sahell is a "once-a-week"
inhibits ovulation and Daliy pills (Progestogen- pill with high
implantation: estrogen). contraceptive value and
few side effects.
Injectables & Hormones administered under the | Subcutaneous implants, Provides long-lasting
Implants skin ar via injection. Hormonal injections. protection compared to
daily pills.
Emergency High-dose hormones used to Progestogens or |UDs Used to avoid pregnancy
Contraceptives prevent pregnancy post- {within 72 hours), due to unprotectad caltus
intercourse. OF rape.
Surgical Methods Permanent starllization by Vasectomy (Males), Highly effective; terminal
blocking gamete transport. Tubectomy [Femaies). method; very poar

qc-iEA mother of one-year old daughter wanted to space her second child. Her doctor suggested Cu-T. Explain |

its contraceptive actions.
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Type of STI Disease Causative Organism
Bacterial STI Gonorrhoea Neisseria gonorrhosae
Bacterial STI |  Syphilis _ Treponema pallidum
Bacterial 5TI Cﬁlam}'diasis Chlamydia trachomatis
Viral 5T1 AIDS HIV [Human Immunodeficiency Virus)
Viral STi Genital Herpes Herpes Simplex Virus (HSV)
| ViralSTI | Hepatitis-B |  Hepatitis-B Virus (HBV)
 Viral STI I_ Genital Warts | Human Papilloma Virus (HPV)

(0.2 Which one of the following groups includes sexually transmitted diseases caused by bacteria only?

MEDICAL TERMINATION OF PREGNANCY (MTP)
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AWARENESS, RESPONSIBILITY AND SAFE PRACTICES LEAD TO A HEALTHY SOCIETY.

Sexually Transmitted Infections (STls)/Venereal diseases (VD) / reproductive tract infections (RTis)
High vulrerability/risk group: 15-24 years.
Bacterial and protozoan diseases are completely curable if detected early and treated properly.
Mode of Transmission:
+ Sexual intercourse.
Sharing of injection needle, surgical instruments with infected persons.
Transfusion of blood.
From infected mother to foetus.
Prevention

= Avoid multiple/unknown partners.
= Use condoms.



s Early medical check-up and treatment.

INFERTILITY : DEFINITION AND ITS CURE

([ WHAT IS INFERTILITY?

CAUSES

Infertility is the inability of a i |'. =3 %
couple to conceive and " J 8
Prﬂdu‘:ﬂ children even after Physical Congenital nw and
regular, unprotected sexual defasts dincrciere
cohabitation. | ﬂ r ‘ %3
| - | . ajf
immunclogical  Hormanal  Psychological
J factors Imbalance factors fil:tm
= Proper medical evaluation i infertility clinics, conceive after
= malmand treatment. if not,
 Tests for both male and female partrers. ﬂ Assisted Reproductive
o Treatment of underlying probleims Technologies (ART)
(surgery, medicines, counselling, ate.). can help.

ART Technigue Definition Uses / Purpose

IVF-ET (In Vitro Fertilisation occurs outside the body Helps infertile couplesto

Fertilisation — Embryo in laboratory conditions followed by conceive; called test tube haby
__Transfer) embryo transfer. technique.

ZIFT (Zygote Intra Transfer of zygate or early embryo Helps further development of

Fallopian Transfer) (up to 8 blastomeres) into fallopian embryo in fernale body.

tube.

IUT [Intra Uterine
Transfer)

GIFT (Gamete Intra
Fallopian Transfer)

Transfer of embryn with rmore than B
blastomeres into uterus.

Transfer of ovum from donor into
fallapian tube of another female.

Supports implantation and
pregnancy.

Used when female cannot
produce ova but can support
development.

ICSI (Intra Cytoplasmic
Sperm Injection)

Direct injection of sperm into ovum
in laboratary.

Helps in cases of very low
sperm count or male infertility.

Al (Artificial
Insemination)

Artificial introduction of semen into
female reproductive tract.

Helps when male cannot
inseminate properly.

IUI (Intra Uterine
Insemination)

Semen introduced directly into
uterus.

Increases chances of
fertilisation in infertile couples.

Q.4 Name two hormones that are constituents of contraceptive pills. Why do they have high and effective
contraceptive value? Name a commeonly prescribed non-steroidal oral pill.
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/1. POPULATION STABILISATION
I’( AND BIRTH CONTROL

Repid population grawth 15 global concern,
= Batanged population 13 ensential for
esenomic and social devalopmant.
* Gayetrmenl promotes small Gmiby aerm
="Hum D Hamare D', Incentlves,
rasing maErriEgeatia age
(lamales = 18 yes, malin = 21 jra). @

+ Caontraceptives balp prevent
urrsanlbid pregnanties.
3. MEDICAL TERMINATION
. OF PREGNANCY (MTP)
» Intmntionad torminatien af pragnancy
bediary Bl Bermm
« Logalisad i addin in 1571 with strict eonditiang
& Safe during first irimeator (up 1o 12 wieeld).
o MTP Amengment het, BT
= Up ta 12 wesks - oginion of ona
rogitered medizal practibaner.
=17 1o 3wk = opineon of two
regutered medical practitioners
* Grounds:
— Rtk to file or hoolth of mother

~ Substantial visk of wering abnarmal des
infoetul.

.

L healthoare e esaential.

4, SEXUALLY TRANSMITTED INFECTIONS (Tl

# Inkncticns trarmmitbod through ksl contst
{iilan-called V0 o7 FTHY
+ Common 5TI= Ganorrhoea, Syphitis, Chlamydiasi,
Gamital herpes, Genital wirts, Trichemoniasis,
Hepatitis-8, WYRI0S
+ Sprend by sesual contwct, intected needles,
blewed Learrsluslen, mother tn ol
+ Symptoms: ching. pain, dischange, swelfing in
ganitat srea {often mild orabeant in early stages)
» Comphcations: PID, infartility, octopic pragnancy,
abartjons, still birhe, cancer
+ Praventian
= Avnid mstipled s kiioan parthers
= Always ute condoms
- Early dotectisn and compiate iratrant,

r

# Miuns bnads to ilegsl abortiom and [
Permalis feroticide. I' J
o Codinsoliing, swireriss jnd proper \ * /
\ ! !
. o

Flow Chart

CHAPTER SUMMARY - REPRODUCTIVE HEALTH

HEALTH

REPRODUCTIVE

Complite well-hesng in all
aspects of reproduction
and zayual life,

i, CONTRACEPTIVE METHODS )

= Fa e the moeting of ovam snd nporm,

Netrad/ » Perodic abstinerce (saf period| day 10-17)
Traditlanal = & Withdrawal feaitas inferruptus)
| Metheds | = Lactstpral amenarrbea (effective up o
& monthy adtar dellery)
+ Prewent pliysical meeting of jametar
Barsier §Es Condoms (mals & famals) - alsg protect
Mathods fremy STls and AIDE,
= = Disgheagmn, cervicut capn, vaulta,
= Sparmucical ceamg, miliem; fosms
~ (" + nserted i uterus by doctar
- fuds o Non-madiested (Lippes loog)
(e Uterlne 7 copper retaasing (CuT, €7, Multload 575)
. Duvices) 4| » Hormane pel=asag [Progestasart, LNG-30)
| e Ml in egacing and delaying grégrancy.
= 'I | Pills taken for 31 cays, nefiesd afer 7 days o |
e bt ovulation & mplantation,
'.mm,l | « Sahali - mon-aterpical, imes & wesk plll
wilh {gw sicde-affocts.
|" Injectables * Progeslapens dlome of in cembinalian,
.ﬂ“l;,#'“u * Given ne injections ar mplants under skin,
. * Long ating and affectiv, i
"--.I Emargency * Taken within 72 hours of impretestod coitus
| & Provonts pregrancy in emergescy

{wuech uy rape ar faded contraception),

Surgical [ B
}_‘ = Nageciomy {in maies] - v defarens out/tied,
# Tuhestomy {in femasles) - fallaplan libe ctfied
+ Highfy effective bia poos roversitslity.

[ 5 INFERTILITY AND O\

T T,
' ASSISTED REPRODUCTIVE A 6.KEYTAKEAWAYS ) T
\ 4
N TECHNOLOGIES (ART) -""J |+ Fapraductioe hualth Is essardial for Wmu;'u':fm
 |mability o concarm cesgite inliwiclil we-buing andd healliy sociuty, e
unprofected cohabifstun _ s
o Caue: Plialcal, eanganifal, dséasen, [ 'lf““'m"::l“mmh hlh;!vw-md itz Fadagian
drugs; mmmurelagical, psychological ety ineclical holp arn erucial Tranphe
or uhrdplaliel IUT = Intra Utnrine
+ Contragepbian prowents urmsanted
* Diggreais ard freament in prognancies ::{Tm ;L;T"':j::mm
ifertility climes. .
. Intrn Fadopian
o ART Technijues + Saie matharhood, prevention of 5Tl y T
~WEET % BT progar freatmsnt of infertility and el 1E5 = (i
< T - At e of MT™ improve quaiity of L. Ctaplrms
BT R Sperm Injetten
LIFT A = Ariielad
- |rammminslan
» Adaption = a nekle spdien fy . _M 1MF = lisiru Litmiing
ehilelling rouples M v Insemiiimtion

21



CHAPTER-4: PRINCIPLES OF INHERITANCE AND VARIATION
Note - For answers of intext questions, scan the QR code of the Question bank of the chapter
CBSE Syllabus (2026-27) : Marks {6-8) Heredity and variation: Mendelian inheritance; deviations from
Mendelism — incomplete dorminance, co-dominance, multiple alleles and inheritance of blood groups,
pleiotropy; elementary idea of polygenic inheritance; chromosome theory of inheritance; chromosomes
and genes; Sex determination - in humans, birds and honey bee; linkage and crossing over; sex linked
inheritance - hemophilia, color blindness; Mendelian disorders in humans - thalassemia; chromosomal
disorders in humans; Down's syndrome, Turner’'s and Klinefelter's syndromes.
Genetics: Is a branch of biology concerned with the study of inheritance, as well as the variation of
characters from parents to offspring.
Heredity: The process of genetic inheritance of characteristics from one generation to another;
Inheritance: The process by which characters are passed on from parent to progeny; it is the basis of
heredity.
Variation: Is the degree by which progeny differ from their parents.

MENDEL'S LAWS OF INHERITANCE

. Gregor lohann Mende! is considered as ‘father of genetics'

. Gregor Mendel conducted hybridization experiments on garden peas for seven years (1856-1863)
and proposed the laws of inheritance in living organisms.

. Mendel conducted artificial pollination/cross pollination experiments using several true-breeding pes

lines, A true-breeding line is one that, having undergone continuous self-pollination, shows the stable trait
inheritance and expression for several generations.
Why Mendel selected garden pea (Pisum sotivum) plant for his hybridization experiments?
=  They can be grown easily in open ground or even in pots.
= They have a short period of growth cycle.
= They produce self-pollinating flowers, large number of seeds and fertile hybrids on cross-pollination.
=  They show contrasting heritable characters,

MONOHYBRID CROSS
The crossing between two plants, with respect to 3 single contrasting character is called monohybrid cross.

. Mendel conducted hybridization experiment by crossing true-breed tall pea plant {TT) with true-
breed dwarf pea plant (tt).
Parcenits: 1n > it
Homory@ous Homorygous
ol dwart
Gametes: (1) o
Fa: - 1't {'-I-'uli"_l

Selling: 4

T i %
Gametes: CrD) Cr) GO
17a: D <

1 T

<o Ceall) Ceall)
T Lt
(:D Ctzll) (cdwart) |
Phenotypic ratio Genotypic ratio
Tall : Dwarf Pure tall : Hybrid Tall : Pure Dwarf
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Binomial expression — It can be used to calculate genotype.

APPLICATION OF BINOMIAL EQUATION FOR PHENQOTYPIC RATIOS IN MONOHYBRID CROSS (Tt x Tt)

DEFINITIONS FOR Tt CROSS: ~
p = Frequency of Tall Phenotype (R#RT and RR) P + q)2 - Pz s 3 qu + q2 piT, Ef%nant‘,l

f = Feguency of Shart Phenotype (rr) PHENOTYPRIC BINOMIAL q (1, recéstive)
IN A SINGLE Rr/Rr PAIRING: p=3/d; g = 1/4 {whare p=Tall, g=Shott) Tall nIm-u [T-1, Shor Plast (1)
MENDELISM: PHENOTYPIC BREAKDOWN (Tt x Tt) BINOMIAL EQUATION: PHENOTYPIC CALCULATION
Genatype Color = Parent 1 Parent 2 a2 et o
nnmqﬂm?;mmw Tty | i,"ﬁ! Mals Bamtes {P Tall + q 5|'Ill:ll't}
Panticor - Phanaiysd @ (T =R [r t
? TTl] qTLtL (P} +alE) (3 Tall + 1 Short)?
\ Tal I F, OFFSPRING F1all)® + 2(3 Tal) (} + (% short)®
FI{I’%‘EI 1 Phl!tr"lunh?pll thﬁ:lﬂm i E}EI:QTTPES {ITH“} 2(‘ Tﬂ"][j Si'lnl"t} (T El.hﬂrt) ]
1T |t - b wmm + S (TallShort) + L (Short?
(Tl [Snart) L Fiara Tall [TT) !?Hu'l:lnd Tall [Tt} ¥ Pure Shart {ti.q

Frenolype | Phinatype
e\ DO Dby asQA) + e + [elSton)~
Grouts Frequenges Short (tt): 144 &1} 1576 Tall + 1716 Short

Genotypic  TT: Tt
Frequencies : 3 ; Fy PHENOTYPIC RATIO: MATHEMATICAL PHENOTYPIC RATIO ploLOGIC L
i p* 2pg ¢t 3 Tall : 1 Short REFRESENTATION  (3/4:1/4 or 3:1) OUTOOME

Q.1 A heterezygous tall plant is crossed with a similar genotype, what percentage of plants should possess TT, Tt
genotype?

TEST CROSS

The cross made between unknown plant {or F1 hybrids) with the recessive parent is called test cross. it is used to find

the genotype an unknaown plant
".- JI le Homummwghsus HEEI!L[Ej'H{ELI:f-- :,I
'&L PenEaE receasive &’ Genotypic ratio—Ww @ ww
= & A
Phenotypic ratio — Violet : White
2 = !

y' ﬁ 0y Dzt Plenotype
Wi | W (Cenntype ymnown)

Resiill. Al lowers are vielel Hall af the Giwers sre vialeh wd
feall of fee fiowers e white.

Inierpretation Unkmewn fmyver
is bttt dontromnt e Hewer b5 heleromydoms

@ Based on his observatians on monohybrid crosses Mendel proposed two general rules to consalidate

his understanding of inheritance in monohybrid crosses.
Law of dominance: It states that “In a dissimilar pair of factors one member of the pair dominates

(dominant) the other one (recessive).
Law of Sesregation: This law states "A pair of alleles segregate from each other during gamete formation,

such that a gamete receives only one of the two factors”.
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Q.2 Atall pea plant bearing violet flower is given with unknown genotypes. Explain how would you find the correct
genctypes.

INCOMPLETE DOMINANCE

e it's a phenomenon in which the F1 hybrid exhibits intermediate Hp—— #‘ Wy
characters of the parental gene - iy

e (> S <
¢ [t 5 seen in flower colours of Mirabilis jalapa (4 C'clock plant v
and Antirchinus majus (Snapdragon). Lo &’%‘@l

AT sl TFErk

® In a cross between true breeding red flowered (RR) and true T (/{;_ -

Py ios s {\E_.-_:' __.-"» "--_Ei'f‘j Charrres s

breeding white flowered plants (rr), the F1 (Rr) was pink. o

P
® When the F1 was self-pollinated the F2 resulted in the following ‘/%‘ "‘.g

V, EETtwamibiy -!::;' q ‘.“-\.I\;_t_np-_-"
ratio 1 Red (RR) : 2 Pink (Rr) : 1 White [rr). b

Flhuernatyrilde raiie aat ™ i wrFibe
¢ Here the phenotypic ratio deviates from the Mendel's SRNISERER T T

monohybrid cross.
Bath phenotypic and genaotypic ratio will be the same 1:2:1.

Homozygous Dominant (BB): These plants synthesize starch effectively, resulting in large starch grains and round
seeds,

Homozygous Recessive (bb): These plants have low efficiency in starch synthesis, resulting in small starch grains and
wrinkled seeds.

Heterozypous (Bh): These plants produce round seeds, which suggests that the B allele is dominant over the b allele
for seed shape.

Intermediate Phenotype: While the seeds are round, the starch grains within Bb seeds are of intermediate size,
showing that dominance is not absolute for every trait.

So, if starch grain size is considered as the phenotyps, then from this angle, the alleles show Incomplete dominance.
Note - The modified allele could be responsible for production of —
{1 the normal/less efficient enzyme, ar

(ii)  anon-functional enzyme, or
(iii) noenzyme atall
CO-DOMINANCE:

The Alleles which are able to express themselves independently, even when present together are called co-
dominant alleies and this biclogical phenomenon is called co-dominance.

A good example is different types of red blood cells that determine ABO blood grouping in human beings.
ABO blood groups are controlled by the gene L.

The gene (i) has three alleles 1%, 12 and i. The alleles * and '® produce a slightly different form of the sugar
while allele i does not produce any sugar on plasma membrane.

In ather words when 1* and i are present only I* expresses (because i does not produce any sugar), and
when I and i are present |® expresses. But when |* and |2 are present together they both express their own
types of sugars: this is because of co-dominance. Hence red blood cells have both A and B types of sugars.
Fallowing table Shows the Genetic Basis of Blood Groups in Human Population.
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Allele hum Allrke from Drnaotype of Blood types of
Paresi 1 Pasent 2 ofispEring elffspiing

i " Il b A

ol ™ el ol AR

[ i i 1% A

' [ il AB

'Il 1“ |R[l 11

d i [ B

i i il D

Q.3 The inheritance pattern of human ABO blood grouping is an example of

MULTIPLE ALLELISM:

Multipie allelism describes a genetic situation where more than two alleles exist for a single trait in 2
population. While individuals typically inherit only two alleles for each gene [one from each parent), multiple
allelism indicates that a gene has multiple variations, leading to a wider range of possible phenotypes. A classic
example is the ABD blood group system in humans, where there are three alleles (A, IB, and i) for the same
gene, resulting in four different blood types (A, B, AB, and O).

Q.4 A child with bload group A has father of blood group B and mother with blood group AB. What would be the
possible genotypes of parents and the child? Choose the correct option:

DIHYBRID CROSS (INHERITANCE OF TWO GENES)

The cross between two parents differed in two pairs of contrasting traits; is called dihybrid cross. Mendel also
waorked with and crossed pea plants that differed in two characters, as is seen in the cross between a pea plant
that has seeds with yellow colour and round shape and one that had seeds of green colour and wrinkled shape.
The genotype of the parents can then be written as RRYY and rryy.

» @ ® &

P: YYRR =  wywer
vollow, green,
round wrinklod

! ! v

@ @
o 5

e ‘;‘i self fertiiisation
1= r i -
vellow,
round
Phenotypic ratio: Round Yellow: Round Green : Wrinkled yellow : Wrinkled green
g 3 3 1

Law of Indspandent assortment: The law states that "When two pairs of traits are combined in 2 hybrid,
segregation of one pair of characters is independent of the other pair of characters”.
Note : - In 1900, three Scientists (de Vries, Correns and von Tschermak) independently rediscovered

Mendel's results an the inheritance of characters.

CHROMOSOMAL THEORY OF INHERITANCE

It was proposed independently by Walter Sutton and Theodore Boveri in 1902. They united the knowledge of
chromosomal segregation with Mendelian principles and called it chromosomal theory of inheritance. The
main points are as follow:

(i) Gametes (sperm and egg) transmit hereditary characters from one generation to another.
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(i1) Nucleus is the site of hereditary characters.
{iti) Chromosomes as well as genes are found in pairs.
(iv) The two alleles of 3 gene pair are located on homologous sites on the homologous chromosomes,
(v) The sperm and egg having haploid sets of chromosomes fuse to regain the diploid state.
{vi) Homologous chromosomes synapse during meiosis and get separated to pass into different cells and is
the basis of segregation and independent assortment during meiosis.

Possibility | Possibility 11
One long orange and short green One long orange and short red
chiromosome and long vellow and cliramesome and long yellow and

shor red chromodome at the short green chromosome at the
same pole same pole
Melosls | - anaphase Melosls | - anaphase

Melosis Il - anaphase Meiesis 11 - anaphase
- N
g
%, P
Cerm cells Ocrm cells

Sy

= Bt
Bl Cny—3

, . .
NCy—
st
88ty —"

o B
REly—2

A Comparison between the Behaviour of Chromosomes and Genes

A B
Oceur in pairs Occur In pairs

Segregate at the time of gamete Segregaie at gaomete formation and only
[formation such that only one of each. one of each pair (s transmitied o a
pair is ransmitied o a gantete gamete

Independent pairs segregate One pair segregates independently of
| Independently of each other another pair
Can you tell which of these columns A or B represent the chromosome
and which represents the gene? How did you decide?

A —Gene, B- Chromosome
LINKAGE AND RECOMBINATION
Thamas Hunt Morgan, experimentally verify the chromosomal theory of inheritance, Morgan worked with

tiny fruit flies, Drosophilo melanogaster. Morgan selected fruit fly, Drosephila melanogaster for his
experiments because:
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(a) They could be grown on simple artificial medium in the labaratory.

{b) Their lite cycle is only about two weeks.
{c) A single mating could produce 3 large number of flies.

(d) There was a clear differentiation of the sexes, i.e. male (smaller) and female (bigger).

(&) It has many types of hereditary variation that can be easily seen through low power microscopes.

Parental

F, generation

F, generation

Cross A Cross B

Yy W ytwt w m wt mt
orrssTr  cEnEmmme T e
y w W m 7
Yellow, white wild type White, miniature wild type

Yy w y W | w m w m
ey crwe—n € 9 -] Fa o
ytwt E wt mt White,
Wild type Yellow, white . Wild type miniature

l Gametes i
X Y X Y

y*tw* y w wt mt* w* m
[= = —  §-] x—an | [ —— ] [ = == 8]
Wild type white Wild type miniature

y W y wt w m w m*
——r S e —— -] (= g s
Yellow, white yel miniahire white
ytwt y w w* m* wt m
=N oE——n = ——— ] (= —— o+ ]
Wild type i white I Wild type miniature
y w y wt w o m w mt
D [~ - —— -]  ———— 4] C—==e
Yellow, white yellow  White, miniature  white
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The physical association of two genes on a chromosome is called linkage.

4
<@

Recombination explains the generation of non-parental gene combinations.

To explain the phenomena of linkage and recombination, Morgan carried out several dihybrid
crosses in Drosophila to study genes that were sex-inked, i.e. the genes are located on X
chromosome. He abserved that twa genes did not segregate independently of each other.

He observed that the proportion of parental gene combinations were much higher than the non-
parental type, when two genes in a dihybrid cross were situated on the same chromasame. Morgan
concluded this a physical association ar linkage.

Maorgan and his group also found that even when genes were grouped on the same chromasome,
some genes weare very tightly linked (very low recombination), while others were loosely linked
(higher recombination).

Recombination of linked genes is by crossing over (exchange of corresponding parts between the
chromatids of homolegous chromosomes). Linkage results of two dihybrid crosses conducted by
Maorgan. Crass ‘A’ shows crassing between genes y and w. Cross ‘B1 shows crossing between genes w
and m. Here, dominant wild type alieles are represented with (+] sign.

Alfred Sturtevant (Morgan's student) used the frequency of recombination batween gene pairs on
the same chromosome as a measure of the distance between genes and ‘mapped’ their position on
the chromaosome.

The unit of distance between genes is the centimorgan (cM), often referred to as a map unit {m.u.).
Dne centimorgan 15 equivalent to a 1% chance of recombination frequency, not ghysical distance in

base pairs.

POLYGENIC INHERITANCE/QUANTITATIVE INHERITANCE

L 4

L 4

<@

In this inheritance pattern, traits are controlled by mare than two genes, These traits are cailed palygenic
traits.

The phenotype shows participation of each alleie and is also influenced by the environment and is called
guantitative inheritance as the character/phenaotype can be guantified

Example, human skin colour which js caused by a plgment melanin. The quantity of melanin is due to three
pairs of polygenes (&, B and C). If it is black or very dark (44 BB CC) and white or very light (aa bb cc)
individuals marry each cther, the offspring shows intermediate colour often called mulatto (43 8b Ccl.

PLEIOTROPY

s
<

It is the phenomenon in which a single gene exhibits multiple phenotypic expressions.

A single pleiotropic gene may produce mare than one effect. For example-Fhenylketonuria, a disorder caused
by mutation in the gene coding the enzyme phenylalanine hydroxylase. The affected individuals show hair and

skin pigmentation and mental problems.
Difference between Multiple allelism and Pleiotropy
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Multiple allelism

Pleiotropy

It is the phenomenon in which a gene for
a trail exists in more than two allelic
forms.

The alleles can show codominance.

e.g. the gene for human blood groups
exists in three allelic forms, 14, I8 and j.

It is the phenomenon of the ability of a
single gene to have more than one
phenotypiec effect.

Codominance is not exhibited.

£.g. 2 single gene in garden pea controls
seed shape and size of starch grains.

2. Difference between Multiple sllelism and Polygenic inheritance.
Basis NMultiple Allelism

ﬁnifgerﬁt inheritance

Definition A trait controlled by more than two A trait controlled by many genes

alleles of 3 single gene acting together

Two or more genas

Number of genes Only ong gene

invalved

MNumber of alleles More than two alleles existin a Usually, two alleles for each gene

population pair

Effect on trait Praduces different forms of a trait Produces continuous variation in a

trait

Pattern of inheritance Follows Mendelian inheritance with Shows additive effect of genes

multiple alleles

SEX DETERMINATION

. Finalization of sex at the time of zygate formation is called sex determination.

I. XX-XY type Il. XX-XO type 1, ZZ-ZW type

This type of sex determination This type of sex This type of sex determination s2en in
seen in mammals including determination seen in birds (eg.- fowl).

humans. grasshopper(insect). Females have ane 7 and one W

Males have X and Y chromosomes | Males have anly one X chromosame whereas males have 3 pair
glong with autosemes and chromosomes along of Z chromosomes.

females have a pair of X with autosomes and Female heterogamety: Females produce
chromosomes. females have a pairof X | two different types of gametes in term
Male heterogamety: Males thromosomes. of the sex chromosomaes.

produce two different types of
gametes in term of the sex
chromaosomes.

MUTATION

* Mutation is a phenomenon which results in alteration of DNA sequences and consegquently results in
changes in the genotype and the phenstype of an organism.

pi]




® The sudden, stable, inheritable change in genetic material of an organism is termed as mutation.
® The organism which undergoes mutation is called mutant.
¢ The agent of mutation is called mutagen. E.g., UV radiations and some chemicals.

& When mutation takes place due to change in a single base pair of DNA is called point mutation. E.g.,
Sickle-cell anaemia.

e When mutation takes place due to deletion or insertion of a segment of DNA, alteration of
chromesames js called chromosomal aberration. It's commaon in cancer cells.

SEX DETERMINATION IN HUMANS | SEX DETERMINATION IN HONEYBEE ‘

Haploid-diploid sex determinatian system

S detecmination ln Humin belugs

PARENTS:  FATHER Mﬂaﬂ" Parents Females X male
Y X
y—k—\ I (2n=32)Diploid l{n:lﬁ}l Haplo
GAMETES {7 X
m(.prﬁdnﬂiw. colls Mﬂluﬁfi MWilos Lfl-
Nzl6 n=16

Lygote )

formed (haploid) {haploid) n =16 (haploid)

afler fushon XX N M

ofunneles FEMALE  FEMALE  MaL maLe  Without

e . S ol Wnprbaty  Fertilzation i

2 of a Female child of  male chlld (n = 16) (Diploid] female

D;S Asseﬂinn.[-n}:. In honey -hees, female is di p{uil.:l- and male is haploid.
Reason (R): Gametes are formed by meiosis in female and by mitosis in male.
PEDIGREE ANALYSIS

The study of Inheritance of genetic traits in several generations of human family in the form of a family tree
diagram is called pedigree analysis.

. It helps in genetic counselling to avoid disorders.

. It shows the origin of trait and flow of trait in a family.

. It is possible to know the expressive recessive allele that can cause genetic disorders.
. It predicts the harmful effects of marriage between close relatives.

Q.6 The pedigrea chart given below, present a particular
generation which shows a trait irrespective of sexes (i.e., present
in both male and female). Neither of the parents of the particular

generation shows the trait. Draw your conclusion on the basis of the pedigree.

GENETIC DISORDERS
Genetic disorders may be grouped into two categaries Mendelian disorders and chromosomal disarders.,



MENDELIAN DISORDERS
Mendelian disorders are mainly caused due to the alteration or mutation in the single gene.

Haemophilia

Colour
blindness

- Sex linked (X-linked) recessive disease.
- Biood clotting protein is affected
- The disease is controlled by two alleles, X7 (normal) & X" (haemophilic).

» |n females haemophilia is very rare because it happens only when mother is atleast
carrier and father haemophilic.

e |tis asex-linked (X-linked) recessive disorder.

® [t results in defect in either red orfand green cone cells of eye, resulting in failure to
determinate between red and green colour.
# The gene for colour blindriess is present on X-chromosome.

. It is observed more in males (X7Y) because of presence of anly one X-chromaosome
in males as compared to twa X chromosames in female.

Sickle-cell

anaemia

e Autosome linked recessive disease. (RBC becomes sickle shape)
¢ Homozygous dominant (Hb*HbBY): normal
e Heterozygous (Hb*HB®) carrier for sickle cell trait

¢ Homozygous recessive (HbHb®):affected

& [tis due to substitution of Glutamic acid by Valine at the 6th position of the B-globin
chain of the haemoglobin molecule.

e [tis due to the single base substitution at the sixth codon of the beta globin gene from
GAG to GUG

Thalassemia

& |tis an autosome-linked recessive disease.

& |tis due to a mutation which results in reduced synthesis of a or B globin chains of

haemioglobin. it forms abnormal haemoglobin and causes anaemia.

® Based on the chain affected, thalassemia is 2 types:

(i} o Thalassemia: Here, production of a globin chain is affected. It is contralied by two closely
linked genes HBAL & HBEAZ on chromosome 16 of each parent. Mutation or deletion of one ar
maore of the four genes causes the disease,

{ii} B Thalassemia: Here, production of B globin chain is affected. It is contralied by a single gene
HBB on chromosome 11 of each parent.

Thalassemia is a quantitative problem (synthesize very less globin molecules). Sickle—cell

| anaemia is a qualitative probiem {synthesize incorrectly functioning globin).
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Phenylketonuria Y : : s : ; .
yika ® [tisaninborn error of metabolism and is inherited as the autosomal recessive trait.

o The affected individual lacks an enzyme called phenylalanine hydroxylase that
converts the amino acid phenylalanine into tyrosine in liver.

¢ Phenylalanine is accumulated and converted into phenyl pyruvic acid and other
derivatives. This affects the brain results in mental retardation. Thase are also
excreted through urine because of its poor absorption by kidney.
Chromosomal Aberration: - - '
1.Loss (deletion) or gain (insertion/ duplication) of DNA segment cause Chromosomal abnormalities {aberrations).
2. When there is 3 change in chromosomal number that leads to
3. Aneuploldy-Gain or loss of one or two chromosomes | due to fallure of chromosome separation during melosis)
This may be LMNullisomy-2n—2 il. Monosomy-2n—1
iii. Trisomy-2n+1 iv. Tetrasomy-2n + 2
b. Polyploidy-Gain of one or more sets of chromosomes. [t may be
L Triploidy-2n+n il. Tetraploidy- 2n+ 20
Karyetype
A karyotype is the complete set of chromosames of an organism, arranged in pairs according to their size,

shape, and position of the centromere.
Karyotyping helps in:
detecting genetic disorders

studying evolution ' { N

identifying species X ¥ XX KK I
e prenatal disgnosis

0.7 Study the karyotype image and answer the following guestions:
a. ldentify the chromosomal disorder. K X wN )i
b. Mame the chromosomal anomaly observed.
c. Mention two symptoms of the disorder.
d. Is this a Mendelian or chromosomal disorder? Justify your answer

Example Disorders Detected by Karyotyping | Also example of Chromosomal Aberration/ Aneuploidy) isas

followings -
Dewn's 3 . N
® Down’s syndrome is caused by an extra copy of chromosome number 21 (trisomy of
syndrome
21).
® This disorder was first discovered by Langdon Down (1866).
® Short statured with small round head.
® Partially open mouth with protruding furrowed tongue.
e Palm is broad with characteristic palm crease.
® Physical, psychomaotor and mental development is retarded.
mi"::EItEHE ¢ Klinefelter's syndrome is caused by the presence of an additional copy of X-
ame
n chramosomes, resulting in the karyotype of 44+XXY.
e Sex of the individual is masculine but passess feminine characters.
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® Gyniaecomastia i.e., development of breasts.
® Poor beard growth and sterile.

® Feminine pitc hed voice

Tl e Turner's syndrome is caused by the absence of one of the X-chromosomes. i.e.,

drome
=" A4+X0

Sterile female with rudimentary ovaries.

Shield shaped thorax.

Shart stature and webbed neck.

Poor development of breasts.

Flow Chart Of The Chapter
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CHAPTER: 5 MOLECULAR BASIS OF INHERITANCE

Note - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE Syllabus (2026-27): Marks (8-10) :Search for genetic material and DNA as genetic material;
Structure of DNA and RNA; DNA packaging; DNA replication; Central Dogma; transcription, genetic code,
transiation; gene expression and regulation - lac operon; Genome, Human and rice genome projects;
DNA fingerprinting. '

DNA and RNA are two nucleic acids, The DNA is 3 long polymer of deoxyribonucleotides. A pair of
nucleotides is also known as base pairs. Length of DNA is usually defined as number of nucleotides present
in it. E. coli has 4.6x10° bp and haploid content of human DNA is 3.3x10%bp. ¢ X 174 virus has 5,386 bp
nucleotides

Structure of Polynucleotide Chain

Component Specific Variants Functional Rele

Pentose Sugar Ribose (RNA) or 2'-Deoxyribose  Structural framework; the absence of the 2'-0OH

(DNA) group in DNA increases chemical stability.

Nitrogenous Base Purines (Adening, Guaning); The primary information carrier. Note: Thymine is
Pyrimidines (Cytosine, Thymine,  S5-methyl uracil, 3 modification that enhances
Uracil) DNA's resilience.

Phosphate Group Linked to the 5'-0OH of the pentose Provides the acidic nature and forms the repeating
sugar backbone via phosphodiester linkages.

A polynucleotide chain

5’ phmliphu! e

= B K
@®—¢

A Pobvnacleotide chain

e A nitrogenous base is linked to pentose sugar with N-glycosidic linkage to form a nudeoside. When
phosphate group is linked ta 5-0H of a nucleaside through phosphoester linkage nucleotide 15
formed. Two nucleatides are linked through 3-5' phosphodiester linkage to form dinucleotide.
Mare nuclectide joins together to form polynuclectide.
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Structural differences

DNA

RNA

a) The sugar present in DNA is deoxyribose.

(ajThe sugar present in RNA is ribose.

{b) DNA tontains cytosine and thymine as

pyrimidine bases and guanine and adenine as
purine bases,

{B) RNA contains cytosing and Uracil a3
pyrimidine bases and guanine and adenine as
purine bases.

(c) DNA has double stranded-helx structure.

{c) RNA has a single stranded helix structure,

(d) DNA moleculas are very large their molacular
mass may vary from 6X10° - 16X10°p.

(d) RNA malecules are comparatively much
smaller with molecular mass ranging from 20,000
-40,000.

Functional differences

(2) DNA has unigue property of replication.

(@) RNA usually does not replicate

(b) DNA controls the transmission of heraditary
effects,

(b) RNA controls the synthesis of proteins

(C) DNA is genetic materialin all arganism
except RNA Virus

(d) RNA is genetic material in RNA Virus

Double Helix Model for Structure of DNA-

James Watson and Francis Crick, based on X-ray diffraction data produced by Maurice Wilkins and
Rosalind proposed this model of DNA. The salient features of this model are-

Salient Features of the Double Helix
1.

always faces a pyrimidine.

Dual Polynucleotide Chains: The structure consists of two strands where the sugar-phosphate
backbone is situated on the exterior and the nitrogenous bases project inward.

Anti-parallel Polarity: The strands run in opposite directions (one 5’23/, the other 3'35').
Strict Complementary Base Pairing: Adenine (A) pairs with Thymine (T) via two hydrogen
bonds; Guanine (G) pairs with Cytosine (C) via three hydrogen bonds. Thisensures a purine

Right-Handed Helical Coiling: The polymer twists in a right-handed fashion.
Thermedynamic Stability: The helix is stabilized by H-bonds and the stacking of base pair
planes, which protects the genetic code from chemical insult.

A structural visualization of DNA reveals a "twisted ladder” with highly conserved dimensions:

Pitch of the Helix: 3.4 nm per complete turn.
Base Pair Frequency: Approximately 10 base pairs per turn.

Rise per Base Pair: The vertical distance between consecutive base pairsis 0.34 nm.
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= Strand Distance: The purine-pyrimidine pairing ensures 3 constant distance between the two
backbones.

Anzlytical Significance: Chargzff's Rule

Chargaff’s Rule—stating that the ratios of A:T and G:C are equal to one—is the cornerstane of the
model. A+G=T+C

This complementarity provides a built-in mechanism far high-hidelity copying: the sequence of one
strand automatically dictates the sequence of the other

- 'B
C M

A

(@) thowhue ) oeaybae (K] [F & ©

WELY

hiverogpersis baney

0.1 DNA is a polymer of nucleotides which are linked to each other by 3’2 5’ phosphodiester bond. To prevent
polymerisation of nucleotides, which of the following modifications would you choose?
Central Dogma in Molecular Biology:
Francis Crick proposed the Central dogma in molecular biclogy, which states that the genetic information
fAows from DNA——> RNA———> Protain.
Special case Far Retro virus

Viral RNA > DNA—-> RNA —>Protein.
DNA Packaging

The distance between two consecutive base pairs as 0.34 nm (0.34x10-9 m), if the length of DNA double
helix in a typical mammalian cell is calculated (simply by multiplying the total number of bp with distanice
between two consecutive bp, that is, 6.6 x 109 bp x0.34 x 10-9m/bp), it comes out to be approximately 2.2
meters. A length that is far greater than the dimension of a typical nucleus (approximataly 10 m).

Prokaryotic vs. Eukaryotic Modals

= Prokaryotes (e.g., E. coli): Lacking a nucleus, the negatively charged DNA is organized into large loops
held by positively charged proteins in a region called the nucleoid.

Eukaryotes: Utilize a sophisticated system involving histones, which are basic proteins rich in the
positively charged amino acids lysine and arginine. Histones protein arganized to form 8 molecules
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unit called histone actamer. Negatively charged DNA is wrapped around the histone actamer to
form nuclessome. Single nucleosome contains about 200 base pairs. Chromatin is the repeating
unit of nucleosome.

F;;c'kagi‘lgtﬁm{eas_ﬂuﬁ].
1. Wrapping: Negatively charged DNA wraps
around 3 Histone Octamer (8 molecules).
2. Nucleosome Formation: This core unit
encompasses approximately 200 bp of DNA.
3. "Beads-on-String”: Repeating nuclecsomes
form the basic structure of chromatin.

4. Coiling: Chromatin fibers coil and condense
further with Non histone chromoesomal protein
(NHC)

5. Metaphase Chromeosome: Maximum
candensation reached during cell division.

Q.2 A researcher observed chromatin under an electron microscope and found that it appeared like 2 “string of
beads.” Each bead represented a nucleosome formed by DNA associated with specific proteins. Based on this
observation, identify the correct compaosition of each bead-like structure.

Seach for genetic material

Griffith’s Transforming Principle (1928)
Frederick Griffith's "transforming principle” refers to the specific subistance derived from dead bacteria

that is capable of permanently altering the genetic characteristics of a living recipient bacterium.

5 strain Inject——e mice  —

R strain Injers=>s to mice — Y

S strain({heat-killed) Injec—ta mice Mic—Sved

S strain(heat-killed) + R strain(live) Infe=in to mice e died

= Avery, Macleod, and McCarty (1933-44): Through systematic enzymatic digestion, they showed
that Proteases and RNases did not inhibit transformation, but DNase did. This identified DNA as the
biochemical basis of the transforming principle.

38




Hershey-Chase Experiment (1952) Bisctriophage
Fnmonciies [ 1) labosed ——— Rndioaien | 1)
Using bacteriophages, they labeled bl DRA
viral protein with 5% and viral DNA
with P*2, After infection and L Infection
centrifugation, only PP was found
within the bacteria. His experiment 2 phsilie
shows that protein does not enter the
bacterial cell and only DNA is the .
genetic material.
Note-Sulphur is the component of e Pp
protein and phosphorus is _ i ey
component of DNA | f_ ":“m""'_"'.-":: A g (" bk Gy b 1 e

Q.3 a. State the ‘Central dogma’ as proposed by Francis Crick. Are there any exceptions teit? Support your answer
with a reason and an example.

b. Explain how the biochemical characterization (nature) of Transforming Principle’ was determined, which was
not defined from Griffith's experiments.

Properties of Geneatic Material:
a) It should be able to generate its replica (replication)
b) It should chemically and structurally be stable.
€) It should provide the scope for slow changes (mutation) that are required for evolution.

d) It should be able to express itself in the farm of ‘Mendelian Characters'.

DNA is better choice as genetic material because its chemically less reactive but structurally
more stable as compare to RNA.

RNA js used as genatic material as well as catalyst, more reactive so less stable. Therefore, DNA
has evolved from RNA.

Semiconservative mode of Replication of DNA
Meselsan and Stahl's shows experimental evidence of semi conservative replication by growing E. calion
nutrient media containing nitrogen salts (SNH.Cl) labelled with heavy isotope BN.5N was incorporated
into bath the strands of DNA and such a DNA was heavier than the DNA abtained fram E. coli grown on a
medium contaming **N.Then they transferred E. coli cells'on to a medium containing **N.

+ After one generation, when one bacterial cell has multiplied into two, they isolated the DNA and
evaluated its density. Its density was intermediate between that of the heavier “N-DNA and the lighter
HN-DNA.
* This is because during replication, new DNA molecule with one *N-old strand and a complementary
“N-new strand was formed (semi-conservative replication) and so its density is intermediate between
the two.
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(.4 A group of biolegy students performed an experiment similar to the ene conducted by Matthew Meselson and
Franklin Stahl to study the mode of DNA replication in E. coll. The bacteria were first grown in a medium containing

heavy nitrogen N and later shifted to a medium containing normal nitrogen N**. DNA samples were collected after
different time intervals and analysed using density gradient centrifugation.

Based on the above case, answer the following questions:

de

2]

Mame the technique used by the scientists to separate DNA molecules containing different isotopes of
nitrogen.

What type of DNA band was observed after one generation {20 minutes) of bacterial growth in the
N¥*medium?

How many DNA bands were observed after two generations (40 minutes)? Name them.

Which mode of DNA replication was proved by this experiment? Explain briefly.

Replication
1. Initiation and Unwinding

Origin of Replication (ori): Replication does not start randomly; it initiates at specific sites called ari.

Replication Fork: Because long DNA molecules cannot be fully separated (due to high energy requirements},
replication eccurs within a small opening called the replication fork.

Enzymes:
o Helicase: Unwinds the helix.
= DNA-dependent DNA Polymerase: The main enzyme that uses a DNA template to catalyze the
polymerization of deoxynuclectides.
2. Directionality and Synthesis

The DMA polymerase catalyzes polymerization only in one direction: 5' to 3. This creates a complication at the
replication fork:

Continuous Synthesis: On the template strand with polarity 3" to3', replication is continuaus. This is the
leading strand.



= Discontinuous Synthesis: On the template strand with polarity 3" to 3°, replication is discontinuous, This is the

lagging strand.

s Okazaki Fragments: The small segments produced on the lagging strand.

= DNA ligase: Joins the discontinuously synthesized fragments together.

Tomplnte 1DNA
fprarevitod stromels)

Discontinons

Avriillvesis
Mewly syt hesised \
wlizuridls

5 =

Continmoines
syl hieris

= 3

o

Figure 5.8 Replicating Fork

3. Important Requirements

. Energy Source: Deoxyribonucleaside triphasphates
(dNTPs) serve a dual purpose: they act as substrates and
provide energy for palymerization (from the twa terminal
phosphates).

. Accuracy: The process must be very fast and highly
accurate; any mistake results in mutations.

Differences between leading and Lagging strands for DNA replication.

initiate the growth.

Characters Leading strand Lagging strand
i Fragments It is formed continuously as In tEuj?bEginning it is formed in the form
single fragment. of small fragments called okazaki
segments.
2.RNA primer It requires only one primer to Every fragment requires separate RNA

primer to initista,

3.DNA ligase Mot required.

Required to join DNA fragments.

4. Direction of

5 3
Erowth

Of complete strand it is 3" 5. However,

far Okazaki fragmentsitis 3° 3",

Transcription

» Definition: The process of copying genetic information from one strand of DNA into RNA.

= Scope: Only a specific segment of DNA and only one strand is copied.

» Why only one strand?

1. It both strands were copied, they would produce two different RNA sequences leading to two

different proteins from one gene, complicating information transfer.
2. Twocomplementary RNA molecules would pair to form double-stranded RNA, preventing transiation.

2. The Transcripticn Unit

1. Promoter: Located at the 5-end |upstream) of the coding strand, Provides the binding site for RNA

polymerase.
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2. Structural Gene: The area between the promoter and terminator being transcribed.
3. Terminator: Located at the 3-end [downstream) of the coding strand. Defines the end of tramscription.

Strand Convention
= Tempiate Strand: Polarity 3' to 5'. Acts as the actual tempiate for RMNA synthesis.

» Coding Strand: Folarity 5' to 3. Its sequence is identical to the produced RNA (except T is replaced by W). All
reference points (upstream/downstream] are made raiative to this strand.

W@@W

l "---u.._______|r Factor sigma DONA halia

Y S—

£hrH1;.1.Iir| i

s A AD>ADAMADA ,
-air

RMA FilA Pﬂhl'lﬂlrll-l'

Rty tactor

ITTT Pesmsobee  TTUTTT Winmimaser : Rieh Pubpmer i I Factor vigma (B Sha tactar WA

3. The Process of Transcription in Prokaryotes
Occurs in three steps catalyzed by a single DNA-dependent RNA polymerase:

s [Initiation: RNA polymerase binds to the promoter. [t requires the initiation factor (o- sigma) to start.
= Elongation: The polymerase moves along the DNA, opening the helix and adding nucleotides.

« Termination: Upan reaching the terminator, the nascent RNA and enzyme fall off. This requires the

termination factor (p - rho).
Mote: In bacteria, transcription and transiation are often coupled because there is no nuclear membrane and

no processing Is required.
Exons are those sequences that appear in mature and processed RNA, Exons are interrupted by introris.

Introns do not appear in mature and processed RNA.

Transcription in Eukaryotes
The Transcription Unit

Defined by three critical regions:
1. Promoter: Upstrearh {5'-end) binding site for RNA palymerase; defines the template/coding strands.
2. Structural Gene: The segment coding for a polypeptide {mono cistronic in eukaryates, polycistronic
in bacteria).
3. Terminator: Downstream (3'-end) site defining the end of transcription.
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Q.5 Both the strands of DNA are not copies during transcription. Give reasons.

In eukaryotes, there are three different RNA palymerase enzymes |Llland 1ll, they catalysethe synthesis
of all types of ANA.

RNA Pol I: transcribes rRNAs (285, 185, 5.85).

RNA Pal II: transcribes hnRNA (precursor of mRNA).
RMNA Pol Ill: transcribes tRNA, SsrRENA, and snRNAs,
Post Transcriptional Meodification in Eukaryotas

ot Ty 5°
ll L= .
..-l"'..-.—
- 3 mRNA
Capping Intron e S aler=
5 ™ Gppp S
Exon
~Na ”~ RNA splicing Secis Polyadenylation
5 “"Gppp Q . &
Q o pij—
Q Poly A tail
5' ™ Gppp
5- ml’am 3‘

Functional mossenger RNA (mRNA)

e The primary transcript contains both exon and intron and 1s non-functional. It undergoes the process of
splicing in which intrans are removed and exons are joined in a defined arder.

e The hnRNA (heterogeneous nuclear RNA) undergo additional processing called as capping and tailing.
In capping an unusual nucleatide [methyl guanosine triphosphate] to the S'end of hnRNA. In tailing
polyadenylate tail is added at 3" end in a template at independent manner.

Q.6 Protein synthesis requires the services of all three types of RNAs, namely t-RNA, m-RNA and r- RNA. Explain the
role of each of them during the process of protein synthesis in prokaryotes.
Genetic Code:
Genetic Code is the relationship of amino acids sequence in a polypeptide and nucleotide /base
sequence in hn-RNA. It directs the sequence of amino acids during synthesis of proteins. George Gamow
suggested that genetic code should be combination of 3 nucleotides to code 20 amino acids, H.G.
Khorana developed chemical method to synthesizing RNA molecules with defined combination of bases.
Marshall Nirenberg's cell free system for protein synthesis finally helped the code to be deciphered,
Severo Ochoa enzyme (polynucleotide phosphorylase) was also helpful in polymerising RNA with defined

sequences in a ternplate independent manner (enzymatic syrithasis of RNA).
Salient Features:

= Triplet: 61 codons code for amino acids; 3 are stop codons (UAA, UAG, UGA).
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Degenerate: Some amino acids are coded by more than one cadon.

= Contiguous: Read without punctuations.
s Universal: Same fram bacteria to humans {with minor exceptions).

» Imitiator: AUG codes for Methionine and acts as the start codon.
tRNA - The Adapter Molecule:

= Has an anticodon loop complementary to the mRNA cade.
= Has an amino acid acceptor end.

= Secondary structure: clover-leaf; Actual structure: inverted L.

A Ty b | D
Ser Tyr!
: 3 i 3
IRNA IRNA —
UICIA] Anticodon A UG
AGU ; .
AG Y olin Ve € RNA

5.

4.7 Which one is the comrect product of DNA dependent RNA polymerase to the template?
I TACATGGCAAATATCCATTCAS'

Mutations and Genetic code

e Point Mutation: - A change of single base pair (point mutation) il the 6th position of Beta glabin chain
of Hemoglaobin results due to the change of amino acid residue glutamate to valine. These results into
diseased condition called sickle cell anemia.

® Frameshift Mutation: -insertion and deletion of three or its multiple bases insert or delete one ar
multiple codons hence ane or more amino acids and reading frame remain unaltered from that point
onwards. Such mutations are called frame-shift insertion or deletion mutations.

Translation process:
1. Charging of tRNA: Amino acids are activated (ATP) and linked to tRNA (Aminoacylation).

2. Initiation: Small ribosome subunit binds to mRMNA at the start cedon (AUG).

3. Elongation: Ribosome moves codon-to-codon; peptide bonds form between amino acids.
= Ribozyme: 235 rRNA in bacteria acts as a catalyst for peptide bond formation.

4, Termination: Release factor binds to the stop codon, releasing the polypeptide.
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Regulation of Gene Expression

The Lac Operon (Jacob and Monod)

A polycistronic structural gene regulated by a common promoter and regulatory genes.
Camponents:

= igene (inhibitor): Codes for the repressor protein.
= zgene: Codes for beta-galactosidase (hydrolyzes lactose).
+ ygene: Codes for permease (increases cell permeability to lactase).
= agene: Codes for transacetylase.
Function:
* Absence of Inducer: Repressor binds to the operator, blocking RNA polymerase.

« Presence of Inducer (Lactose): Inducer inactivates the repressar; RNA polymerase accesses the
promoter; transcription proceeds.
[ i LI‘J | EH z ] ¥ ] a| Inabsence of inducer
Repressor binds to the operator reglon{o)

w z
Repressor mBRNA and prevents RMNA polymerase from
franscribing the operon

Reprassor

I pI i _l p—_l ﬂq Z ] _y'—] ;1_] In presence of inducor
™ ;——-_-—-_L-”“‘-h._.--"‘q'.rahwrlpltmn

Hepressor mBAMA lac mRMNA

2 * Translation
< B~ galactosidase pernmcecases transacetylase

>

Inducer @ {:f}:'_‘_"_\

{Inactive repressor)

o lactose is the substrate for enzyme beta-galactosidase and it regulates switching on and off of
the aperon, so it is called inducer.

® Regulation of Lac aperan by repressar is referred as negative regulation. Operation of Lac aperon
is-also under the control of positive regulation.

Goal of HGP

a) Identify all the genes (20,000 to 25,000) in human DNA.
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b) Determine the sequence of the 3 billion chemical base pairs that make up human DNA.
¢ ) Store this information in database.

d) Improve tools for data analysis.

&) Transfer related information to other sactors.

) To address the legal, ethical and social issues that may arise due to project.

The method involved the two major approaches- first identifying all the genes that exprasses RNA
called Express sequence tags (EST). The second is the sequencing the all set of genomes that
contained all the coding and non-coding sequence called sequence Annotation. (SA)

Saliznt features of Human Genome:

3} The human genome contains 3164.7 millien nucieotide bases.

b) The average gene consists of 3000 bases, but sizes vary greatly, with the largest known
human gene being dystrophin at 2.4 million base pairs.

t) Less than 7 percent of the penome codes for prateins.
d) Repeated sequences make up very large portion of the human genome.

e} Repetitive sequences are stretches of DNA sequences thatare repeated many times,
sometimes hundred to thousand times.

f] Chromosome 1 has maost genes (2968), and the Y has the fewest (231).

g) Scientists have identified about 1.4 million locations where single base DNA differences
(SNPs-single nucleotide polymaorphism) occur in humans.

DNA finger printing

The Basis of DNA Fingerprinting

Repetitive DNA: Specific regions where a small stretch of DNA Is repeated many times.

Satellite DNA: During density gradient centrifugation, repetitive DNA separates from bulk genomic DNA as

smaller "sateallite" peaks.

satellites, mini-satellites).
Polymorphism: Variations at the genetic lavel due to mutations.
o Found largely in non-coding DNA because mutations there don't immediately affect
survival/reproduction.
o Defined as a variation at a locus with a frequency in the population greater than 0.01.
= Inheritable from parents to children, farming the basis for paternity testing,

DNA Polymorphism in Identification

= Classification: Based on base composition (AT vs G:C rich}, length, and number of repeats (e.g., micro-



= Every tissue (blood, hair, skin, bone, saliva, sperm) from an individual shows the same degree of
polymorphism.

s This makes it an ideal tool for forensic applications.

= The pattern is unique to every individual except monozygotic (identical) twins.

The Technique {Alec Jeffreys) Initially deveioped using VNTR (Variable Number of Tandem Repeats) as a radiolabelled
probe. VNTRs are a type of mini-satellite.

[ DA catraction from the colls in high specd refrigerotod centrifuge J
v
[ Amplitication of ONA content by PCR [Polymerase chain reactions) ]
L3
[ DMNA fragmentation by Restriction endonuclease: ]
+
[ Gel alectrophoresis ]
L]
[ Double stranded DNA split into single stranded J
L 2
[ Sonuthern blotwing (Transtermring separated DNA o nylon ar nitrocselluloss sheat) ]
*
[ Mylon shest Immerss in a bath having probesfmarker® (Hybridisation) ]
-
[ Mylon membrane preased on ¥-ray film {(Autoradiography) 1
&
[ Dark band develops at probe site }
Trobas! Markers are radioactive synthabie DNA complamentary s VNTR
e e
v v
MNurmlser of short —% C — A =B —
tandem repeats o
I | 12
(I - o | — et BT
(I 0 g
Chromosome 7 el | -—— — B
“
R i = s = | }— == 7 2
(o T e [N -
OO ST - o
" 4 ©
A I s }—/ —— 3§
( I ] o 2 E
Clhiromosome 16 1 =
| BNA from crime scene (C)| Amiplitied repeats, separated by size

o o gel, give o DNA Iingerprint
Use of DNA Fingerprinting

1. Forensic Science and Crime Invastigation
2. Paternity and Maternity Disputes

3. immigration and Family Reunification

4,  Medicine and Genetics:

5. Disease Diagnosis

6. Organ Transplantation
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7. Wildlife Research and Canservation
8. Anthropology and Biodiversity

.8 a. Name and write two characteristics of the type of DNA that ferms the basis of DNA fingerprinting technigue.
b. Mention any two applications of this technique.
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CHAPTER: 6 EVOLUTION

MNote - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE Syllabus (2026-27): Marks (3-5] - Origin of life, evolution of life forms-a theory, evidences of
evolution, adaptive radiation, biological evolution, mechanism of evolution, Hardy-Weinberg principle,
a brief account of evolution, origin and evolution of man.

Condition of sarly earth:

s The Earth is believed to have been formed about 4.5 billion years back in the solar system of the
Milky Way galaxy.

» Water vapor, methane, carbon dioxide and ammonia released from molten mass covered the
surface. The UV rays from the sun caused decomposition of water into hydrogen and oxygen.
Hydrogen gas being lighter escaped into space.

s Oxygen that remained behind combined with ammonia and methane to form water, CO2 and other
compounds. The ozone layer was formed.

s As the water vapor cooled, it fell as rain, to fill all the depressions and form oceans.
Crigin of Life {theories):

Early Greek believed that units of life called spores were brought to different planets including
earth. This theory is called as Panspermia and is still favored by many astronomers,

e Foralong time, it was also believed that life could originate from decaying and rotting matter like
straw, mud etc.

e This was the theory of spontaneous generation. It was disproved by Louis Pasteur by his swan-
neck flask experiment.

0.1 Match the scientisis listed under column 1" with ideas listed column “II°.

Column | Column Nl
A. Darwin (/) Abiogenesis
B. Oparin (i) Use and disuse of organs
C. Lamarck {iif) Continental drift theory
D. Wagner {iv) Evolution by natural selection
a. A-{i); B-{iv); C-{ii); D-{iii) b. A-{iv); B-i); C-{ii); D-{iii)
. A-{ii); B-(iv); C-(iii); D-(i) d. A-{iv); B-{iii); C-[ii); D-{i)

0.2 A certain species of bacteria became resistant to an antibiotic after repeated exposure to the drug. A student
concluded that the bacteria ‘developed resistance because they needed to survive'.
Based on the concept of Evolution, answer the following:

a. Is the student’s conclusion scientifically correct? Give reason.
k. Explain how antibiotic resistant bacteria actually become more common in the population through Natural
Selection.

Oparin—Haldane theory of origin of life:
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e Oparin of Russia and Haldane of England proposed that the first forms of life ariginated from pre-
existing non- living organic molecules (e.g. RNA, protein etc.).

s Formation of life was preceded by chemical evolution i.e. formation of diverse organic molecule
from inorganic constituents.

Urey and Miller Experiment:

. E . - Ta
In1953, 5.L. Miller, an American scientist demonstrated the ”;ﬂﬁu
same experimentally in a laboratory scale - z% Spack
P dischorge
Miller abserved the synthesis of amino acids from simple : e e
inorganic chemicals. He did this by recreating the conditions =
that were believed to exist on primitive earth in the e
laboratory. Watnr drapfets
I similar experiments formation of sugars,nitrogen W R
Urgrist onmpoynds

bases,pigment and fats were also observed by other
" H Lioquid waler in trap
scientists.

Theory of Origin of Species by Natural Selection: - Diagrammatic representation of Miller's experiment
Survival of the fittest: The fitriess according to Darwin refers ultimately to the ability to survive a

change. Therefore, only the fittest organisms survive and produce more progeny than others.

e These, therefore, have better survival capacities and hence are selected by nature. He called it as
natural selection.

o Alfred Wallace, a naturalist who worked in Malay Archipelago had also come to similar conclusions
around the same time.

EVIDENCES FOR EVOLUTION
Paleontological evidence:

» Fossils are remains of life-forms found in rocks.

» Different-aged rock sediments contain fossils of different life-forms that probably died during the
formation of the particular sediment.

s They represent the extinct organisms (e.g. Dinosaurs).
Biochemical evidences:

e Similarities in proteins and genes perfarming a specific function among different arganisms give
clues regarding common ancastry,
Embryological evidence:

o Ernst Heckel proposed this evidence as evolution based on observation of certain common features
during embryonic stage of all vertebrates but are absent in adult.

s All vertebrate embryos including human embryo develop a row of vestigial gill slits just behind the
head. It is seen that it is a functional organ only in fish. Gills are not found in any other adult
vertebrates.

Homologous Organs: Organs that have a similar basic anatomical structure and origin due to common
ancestry, but perform different functions based on environmental adaptations.
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. Forelimbs of Mammals
- Vertebrate Hearts/Brains
] Thorns and Tendrils

Analogous Organs: Organs that have different anatomical structures and origins but perform similar

functions because the organisms have adapted to similar habitats or need.

- Wings of Insects and Birds = Flippers of Penguins and Dolphins

- Eves of Octopus and Mammals . Storage Organs (Sweet Potato and Potato

Feature Divergent Evolution Convergent Evolution

Basic Definition Closely related species evolve different traits to Unrelated species evolve similar
adapt to different environments. traits because they live in similar

environments,

Type of Organs Homologous Organs Analogous Organs

Anatomy Similar basic internal structure. Different internal structures.

Function Different functions. Similar functions.

Indicates Commion Ancastry, Adaptation to similar niche.

Animal Forelimbs: Whale, Bat, Cheetah, and Human

Examples [similar bone pattern).

Plant Examples Axillary Bud Modifications: Thorns of Food $torage: Sweet Potato

Bougainvillea and Tendrils of Cucurbita.

(Root) and Potato (Stem).

Humarue A \ J.rr
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Homologous organs: Forelimbs of mammals

Ne— wh

Homologous organs in Plants
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Evolution by natural selection:

s A popular example is the change in frequency of moth population in England in 1850, phenomenan

known as ‘industrial melanism’.
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e Before industrialization set in more white-winged moths were observed on trees than dark winged
or melanized moths as they camoufiaged on trees which were covered with light colored lichens.

» After industrialization r.e.1520,

e the proportion was reversed as there were more dark-winged moths in the same area as industrial
pollution killed lichens and tree trunks became dark. As a result, white-winged moths were unable
to tamouflage and got eaten by predator birds. Thus, industrial melanism is a classical example of
‘natural selection’.

Evolution by anthropogenic action:
Excess use of herbicides, pesticides etc., has resulted in selection of the resistant varieties in a much lesser
time scale. This has also been cbserved for microbes against which we use antibiotics or drugs.

e These are the examples of evolution by anthropogenic action.
(.3 Explain the increase in the numbers of melanic (dark winged) moths in the urban areas of post-industrialisation
period in England.
ADAPTIVE RADIATION
Darwin’s Finches: Darwin's theory was based on observation of certain birds in the Galapagos Islands. The
small black birds he observed have since been called Darwin’s Finches.

s He ohbserved that there were many varieties of finches in the same island which were originally
adapted with seed-eating features. From these many ather forms evolved with altered beaks
depending on the food habit.

o This process of evolution of different species in a given geographical area starting from a point and
radiating to other areas of geography is called as adaptive radiation.

Figure 7.5 Varety of books of fimches that Donwin foorsd i Golapagos sband

Australian marsupial:

e In Australia it was seen that a number of marsupials had evolved from an ancestral stock.These
marsupials were all different from each other.

s  When more than one adaptive radiation appears to have occurred in an isolated geographical area
(representing different habitats), it can be called as convergent evolution.

# Placental mammals in Australia were also seen to exhibit adaptive radiation.

53



Fhpwe B8 hm—— m—in & s o e

BIOLOGICAL EVOLUTION:

e Natural selection is the essence of Darwinian Theory about evolution.

s Organisms with favorable variations are better adapted to survive in a hostile environmant.

® The key concepts of Darwinism are:

1. Natural selection: Survival of the fittest by the nature in face of changing environment.

2. Theory of Common Descent: Organisms are descended from commaon ancestors due to accumulation
of variations.

3. Branching descent theory (Darwin’s concept of evolution) : It explains that all organisms are related
through common ancestry. New species arise when populations diverge from a common ancestor
over time. This divergence forms a branching pattern, like a tree of life, rather than a straight line:
it shows that evolution occurs through gradual splitting and modification of species.

MECHANISM OF EVOLUTION:

» Hugo de Vries worked on evening primrose. He gave the idea of mutations. Mutation js the
difference arising suddenly in a population.
Hugo de Vries theory of mutation differs from Darwin’s theory of natural selection.

» He stated that mutation causes evolution and not the minar variations that as suggested by Darwin.

s Mutations are sudden, randaom and directionless while Darwinian variations are small and
directional.

e Evolution according to Darwin was slow and gradual whereas Hugo de Vries believed that

mutation caused large changes that led to speciation, He therefore called it saltation (single step
large mutation).

HARDY-WEINBERG PRINCIPLE:

=« For given population the frequency of occurrence of alleles of a particular gene present on a
specific lacus can be calculated.

® This frequency is usually fixed and remains the same throughout different generations.

s Hardy-Weinberg principle expressed the same using algebraic equations. This is called as the



Hardy-Weinberg Principle.

» The principle states that allele frequendies in a papulation are stable and are constant from
genoration to generation.

» The genepool (total genes and their alleles in a population) remains a constant.This is called genetic
equilibrium.

e Sum total of all the allelic frequencies is 1.
s The principle can be represented mathematically as follows:
(p+g)’= p™+ 2pg + g*=1.

p and g represent the individual allele frequencies.
Therefare, p*= frequency of homozygous condition represented by p

And q? = frequency of homozygous alleles represented by g And pg = frequency of heterozygous
condition

Disturbance in genetic equilibrium (Hardy Weinberg equilibrium) or change of frequency of aileles
ina population can then be interpreted as accumulation or change in variations that results in
evolution.

Five factors are known to affect Hardy- Weinberg equilibrium:

» Gene migration: When a section of population migrates to another place gene frequencies will
change in the original as well as in the new population. New genes /alleles will be added to the new
population and the same are lost from the old population.

s Genetic recombination: crossing over
®» Gene flow: When gene migration occurs frequently it s termed as geneflow.

s Genetic drift: Change in gene frequency that occurs due to a random event or by chance.

s Founder effect: Sometimes the change in allelic frequency is so drastic that in the new sample of
population the variants form a different species. The original drifted population from which the
variants arose becomes founder species and this effect 1s called founder effect.

(0.4 In a population of 5,000 individuals, 25% show a recessive trait controlled by allele a. The population is in
Hardy—Weinberg equilibrium. Calculate:

a. frequency of alleles pand g

b. number of homozygous dominant individuals [AA]

¢. number of heterozypous individuals [Aa)

Operation of natural selection on different trait:

»  Natural selection can laad to:
Stabilization: In which more individuals acquire mean character value.

Directional changes: Occurs when more individuals acquire value other than the mean
character value.

Disruption: more individuals acquire peripheral character value at both ends of the

L
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distribution curve.
A BRIEF ACCOUNT OF EVOLUTION:

=

Paak gots higher
and narrower

(a)

T Poak shifts in
onae direction

(b)

Number of individuals
with phanolype

Two peaks form

N o

Figure 7.8 Dlagrammatie representation of the apetation of natural selection on different traits
] Stabllising (b} Directional and (¢} Disruptive

s Approximately 2000 million years ago (mya) the first forms of life appeared on earth.They were
cellular. Certain cellular forms developed the ability to photosynthesize and thus release Oz The
atmosphere slowly became rich in oxygen.This inturn promoted the development and evolution of

more aerabic forms of arganisms, Slowly and gradually the single cell arganisms started to form
multi-cellular life forms.
ORIGIN AND EVOLUTION OF MAN:
& About 15 mya primates such as Dryopithecus and Ramapithecus existed. They appeared to be similar
to gorillas and chimpanzees in their appearance and walking.

¢ Romapithecus was more similar to man whereas Dryopithecus was more similar to apes.

* Few fossils of bones that resemble human bones have been discovered in Ethiopia and Tanzania

L
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Q.5 Rearrange Ramapithecus, Australopithecus and Homo habilis in the order of their eveolution on the
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Earth. Comment on their evolutionary characteristics.
Two mya Australopithecines existed. They most likely lived in East African grasslands.
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They used stone weapons for hunting.
Essentially had a fruit-hased diet.

The first human-like organism was the hominid and was called Homo habilis.
Brain capacity was 650300 cc.
They also survived on plant-based diet and did not eat meat.

Fossils discovered in Java in 1891 seemed to be of the next stage i.e. Homoerectus. They evolved
about 1.5 mya.

Had large brain with capacity around 300 cc.

Prabably ate meat.

Neanderthal man:

Brain size was around 1400cc.

Lived in east and central Asia between 1,00,000-40,000 years back.
They developed use of animal hides to protect their body.

Buried their dead.

# Homo sapiens:

o Arose in Africa and migrated across continents and developed distinct races.
o During ice age75,000-10,000 years ago modern Homo sapiens arose.

o Prehistoric cave art developed about 18,000 years ago.

Agriculture came around 10,000 years back and human settlement started.

(]
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CHAPTER-7: HUMAN HEALTH & DISEASE

Note - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE Syllabus{2026-27):- Marks (8-10) Pathogens; parasites causing human diseases (malaria, dengue,
chikungunysa, filariasis, ascariasis, typhoid, pneumaonia, commen cold, amoebiasis, ring worm) and their
control; Basic concepts of immunology - vaccines; cancer, HIV and AIDS; Adolescence - drug and alcohol
abuse. '
HEALTH:
Definition: A state of complete physical, mental, and social well-being.
Factors affecting health: Genetic Disaorders, Infections, Lifestyle.
Disease: Any adverse effact on normal functioning of organ(s) or systems of body is known as disease. Disease
is characterised by appearance of sign and symptoms.,
A group of symptoms is known as Syndrome. E.g. AIDS — acquired immunodeficiency syndrome
Groups of Diseases:

1. Infectious/Communicable diseases: Transmitted from one person to another. E.g. AIDS

2. Non-infectious/Non communicable diseases: e.g. Cancer

Pathogen: Disease causing organisms. Belong to groups such as Bacteria, Virus, Fungi, Pratozoan, Helminths.

(.1 The "good humor' health hypothesis was discarded as a consequence of which significant discovery by William
Harvey?
INFECTIOUS/COMMUNICABLE DISEASES

_____ 3 P

Dizease Cousgl Organ(s} Symptoms Spread Frevention & Control
argonism affected
. Bacterial Diseases
Typhoid | Salmonells | Small Headache, sustained fever {39-40°0 Through Widal test {Confirmatary
tymhit Intestine |o=s of appetits contaminated | test)
Stomach intestinal perforations & death in | food and Screening of water and
IEVEFE CASES water food sources
Sanitation
TAB vaccine
PFrneumania Streptococcus | Alveoliof Difficutty in breathing Droplet Isafation of infected
poneumonio lungs Fever, chills, cough, infection pETE0N
|Become Hesdache Sharing
filled with Lips & fingernailz may turn gray utensils
. | fundy |45 Dlulsh {(isevesi torcas
Other bacterisl dissases: Dysentery, plague, dipfitheria
il VIRAL DISEASES
Comman Rhinovirus Affects Sneezing; runny nese, Nasal Croolet |zolation of infected
Cold UppET congestion infection BETSDN
respiratony Spore throat Through Antibiotics
tract Coughing Contaminated
Lungs not Headache obiects
aﬁected ) (Losts 3-7 doys)

Chiku nguny}i i DEDE_IJE:-EH_DT— A=des rm:lsuu?tn
Other viral diseases: Chicken pox, smallpox, polio, AIDS

. PROTOZOAN DISEASES

Malaria Plasmodium Liver, RBL= Muscular pain - Through bite Elimination of
Vivix Alternate cycle of chill & high of female mosguitoses & their
P ovale fever (every 3-2 days) masguito breeding places: Wire
| P. falciparum — | | anopheles | mesh on doors &
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causes Windows, Use of
malignant mosguito nets,
malaria (most insecticides and mosauito
serious & fatal) repelients.
Avoiding stagnant water
Introducing Gambusio
fish (feeds on mosouito
lana)
Amoebic Entomoeha | Large Constipation, abdominal cramps, | Contaminated | Sanitary conditions
dyssntery histolytico Intestine pain: mucoos and blood clots in food and Covering.of food,
(amoebiasis) stoioi Water Washing of fruits and
{Mechanical vegetabies before sating
CRArriers:
Houseflies)
HELMINTH DISEASES
Azcariasis Axzcaris Intestine Internal bizeding Contaminated | Proper handwashing &
{commion round Fewer froits, washing of fruitz and
worm) fuscular pain vegetables vegetablies.
Wucheresia Anaemia’ and water Proper discard of fasces
{Fifarial worm) Blockage of intestinal passage Regular Deworming
Elephantizsiz | Wucherero Lymphatic Swelling of body parts including Bite of female | Mosguito contral (same
bancrafti vesze| of genital organs, Gross deformity mosguito 25 Malzria)
W. malay | lower limbs vectors fWass medication
V. Fungal Diseases
Ringwaorm Microsporum, | Skin, Nail & | Dry and scaly lesions. itching From soil OR I=alation
Trichophyton, 5calp. Sharing Sterilization of objects
Enidsrmophyton | Betwesn owels, used by patients
skin foid combs,
suchas clothes of
Groin & infected
betweesn person
toes

Measures for prevention and control of infectious diseases —

= Personal hygiene: |t includes deanliness of body, drinking of clean water, etc.

= Public hygiene: It includes cleaning of water reservoirs, proper disposal of sewage, etc.

0.2 Pathogen such as Samonelio & Entomoeba, that enter through contaminated food and water need to survive
inside the host. They need adaptations to resist which of the following in the host:

Life cycle of plasmodium:

Human Host (Asexual Phases) - Secondary Host
1. Sporozoites injection: Mosquito injects sporozoites

into bloodstream; they travel to liver

IHDSE

during bload meal

Female Anopheles Mosguito Host (Sexual Phases) - Primary

1. Gametocytes ingestion: Masquito ingests gametocytes

2. Liver stage: Sporozoites infect liver cells, &

ouitiply.

2ygote

2. Fertilization: In mosguito gut, gametes fertilize to form

3. Blood stage: Pathogen invade RBCs, Breakdown

haemaoglobin to form haeomozoin.

3. Zygote enters gut

Pathogen multiply, burst RBCs to release haemozoin
{every 3-4 days} Heamozoin Is toxin causing chill &

fever

| 4. Sporozoite refease and migrate to salivary glands




4. Gametocyte formation: male/female gametocytes
formed in bload, ready for mosquito uptake

5. Sporozoites injected into human blood when mosquito bites

HUMAN HOST (su%) MOSQUITO HOST 4o%)
| 11{1 1
ﬁﬂ% /A’SE}(UAL CYCLE SEXUAL CYCLE

'\'\-w"

Gametacyte davel 5 glands
i s u| m:led RACE|

feikee nqn'ﬁmr: K}'

- ke |
Parmsﬁ?-u reluaiae-i Garmes
i DE';'
am lver calis (Sexis] )

my'

/ Human Host

Mosguito Host

narasies

o bloed pells infesting red biood

ruutur;ngred § h ] o

binad calls -

SYMPTONS: Ryptued RECs Parasies. P, sbonin
ralmw HEMOZOIN, causing ntr:-'l; e=q g
sycls of high fever and chils newﬂ G5

Key Steps of Life Cycle:

Immunity — the ability of host to fight the disease-causing microorganism due tois called immunity. This ability
is provided by our immune systerm. The immune system has two characteristics:
1. Differentiation between self & non-self
2. Specificity 3. Memory
Types of Immunity;
INNATE IMMUNITY: Types of barriers
-Physical barrier: Example, skin covering of the body, secretion of mucous in the respiratary tract —
Physiclogical barrier: Example, acid in the stomach, saliva in mouth, .tears from the eyes
-Cellular barrier: Cells such as:
a. WBCsin blood: PMNL Leukocytes (Polymorpho-nuclear Neutrophils), Monocytes, Natural Killer T
Lymphocytes
b. Macrophages— In tissues
Mechanism of action: Phagocytose and kill pathogen
Cytokine barrier: Interferon — Released by virus infected cells. Protect non-infected cells from viral infection.

ACQUIRED IMMUNITY
Acquired immunity is characterised by pathogen - Specificity & memory.

Due to memary, two types of responses are shown:

A. Primary Response: At first encounter with pathogen. It is slow, and of low intensity.
8. Secondary or anamnestic response: At next encounter with pathogen. It is faster and of high intansity.

Cells Involved in Acquired Immunity:
B lymphocytes: Produce Antibodies

T Lymphocytes: types
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i Helper T Lymphocytes: Signal B Lymphocytes in antibody production {Humoral Immune Response)
ii. Killer T Lymphocytes: Phagocytose and kill pathogen (Cell Mediated Immune Respanse)
T Lymphocytes help in identification of self and non-self. Responsible for graft rejection.

Innate vs Acquired Immunity:

Innate Immunity

| Acquired Immunity

1.| Present since birth Developed after exposure to pathogen
2.| Non-specific defense Pathogen Specific defense

3.| Incapable to keep memory L Shows memory of immunity

4.| Faster response Slower Primary response

Humoral Immune Response vs Cell Mediated Immune Response

Humoral immune Response Cell Mediated Immune Response
1. Through antibodies in blood Through Cells
2. B Lymphocytes involved T Lymphocytes involved
Antibody:

i. The antibodies are protein molecules produced by B

Lymphocytes.
ii.  They are of many types such as:

ili.

lzA—In colostrum
IgE —involved in allergy

Also lgM and 1gG etc.
Each antibody molecule consists of four polypeptide

chains and is represented by H21L2.

H2 represents two longer heavy chains
L2 represents two short chains called light chains.
Both are arranged in the shape of Y.

Ansigrm tandTrey s
,

Fipurw T.4 Sl iey ol i sty skl

_ Active Vs Passive Immunity

ACTIVE IMMUNITY

PASSIVE IMMUNITY

1. Developed by host cells in response to | Readymade antibodies introduced in
infection ar vaccine host

2. Relief after some time Immediate relief

7 Longer lasting. For Short duration

4, No side affect May have side effects
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Unique example of Natural Passive Immunity: IgA by colostrum of mother’s milk

Vaccination vs Immunisation
Vaccines are

a. Weakened/inactive pathogen

b. Antigenic proteins of pathogen in host
Injection of vaccines into human body is known as vaccination or immunisation.
Vaccines cause production of antibadies against the pathogen. Vaccination is based on memory of Tand B
Ltymphocytes to produce faster reaction in subsequent infections.
Passive Immunisation: injection of preformed antibodies or antitoxin, Used when guick response is required,
eg. In case of snakebite.

Use of rONA technology for vaccine production: For Hepatitis B using Yeast cell.

Allergies — the exaggerated response of immune system to certain antigens
present in the environment.

Allergen: The substance to which cause allergy. E.g. Dust pollen

Symptoms: Sneering, watery eyes, difficulty in breathing

Antibodies produced due to allergy: IgE

Chemicals produced during allergy: Histamine and serotonin from the mast
cells.

Treatment: Antihistamine, adrenaline, serotomin

Auto  Immunity : When
immune system attacks self-

cells causing damage of body
— krnown as Autoimmune
Diseases. E.g. Rheumatoid
Arthritis

Cause: Due to genetic or
gther unknown reasons.

Components: Lymphoid organs, Tissues, Cells, soluble molecules like Antibodies
Roles:
Recognises foreign antigens
Acts against them
Remembers them
Involved in allergic reactions, autoimmunity & organ transplantation

IMMUME SYSTEM IN THE BODY:

Thymus: Gland near heart. Large at birth, decreases in size with age.

Spleen: contains lymphocytes and phagocytes. It acts as a filter of the blood by trapping blood-borne
microarganisms.

Spleen also has a large reservair of erythrocytes

Lymph Nodes: Trap microbes & antigens from the lymph and tissue fluid and cause immune response.

MALT: Mucose Associated Lymgohoid tissue. located within the lining of the major tracts (respiratory, digestive and
urogenital tracts). 50% of lymphaoid tissue In human body.
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AIDS {Acquired Immuno Deficiency Syndrome):

Czusal Organism: HIV [human Immuno deficiency virus), a retrovirus.
Incubation Period: Few months to many years (5-10 yrs)

First cell infected: macrophages — HIV Factary

Site of attack: Helper T lymphocytes

Symptoms: fever, diarrhoea and weight



Loss. Immuno-deficiency leading to the persan

Modes of Transmission of HiV:
suffering from infections of bacteria, viruses, fungi

Sexual contact with infected person

Transfusion of contaminated blood and | etc.
biood products

Sharing infected needles as In
intravenous drug abusers

Infected mother to her child through
placenta.

Diagnosis Treatment

ELISA: Enzyme Linked Immunosorbant Assay No complete cure, only partially effective — Antiretroviral Drugs
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Prevention:

1. Awareness Drives: NACO (National AIDS Contral Organisation), World AIDS Day: December 11.

1. Efforts by WHO: Making blood (from blood banks) safe from HIV, ensuring the use of only disposable
needles and syringes in public and private hospitals and clinics, free distribution of condoms,
controlling drug abuse, advocating safe sex and promoting regular theck-ups for HIV in susceptible
populations

Cancer

Uncontrolled growth and multiplication of cells due to loss of Contact Inhibition.

Contact Inhibition: Property of narmal cells. Normal dividing cells when come in contact with other cells, their
growth & division is inhibited.

Twao kinds of tumours

(a)Benign tumours (b)) Malignant tumours
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may be induced by physical,
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chermical

Cancer detection is based on biopsy

and histopathological study,
Radiography, CF {computed
Tomography), MRl  (magnetic

resonance imaging).

Surgical, Radiotherapy, Chemotherapy,
Immunotherapy etc.

A-interferons — Bioclogical response
maodifiers (help in destroying cancer
cells,

Drug and zleshol abuse

Drugs and alcohol abuse includes —

= Opioids: Opioids bind with opioid receptor of Central Nervous systam & Gastrointestinal tract. E.g. Morphine
is obtained from |atex of Poppy plant Papaver somniferum). It is a sedative (depressant) and pain killer.
Heroin {smack] is chemically diacetylmorphine. It is taken by snorting & injection. It slows down body functions.

» Cannabinoids: I is obtained from Connobis sativa. These are taken by inhalation and oral ingastion. They
affect the cardicvascular system of the body. Example, marijuana, hashish, charas, ganjo {obtained from

Cannabis sativa),

» Coca alkaloids / Cocaine: it is obtained from Erythroxylon coca. |t is taken by smoking. It Is a stimulant and
activates central nervous system.

= Hallucinogens: it is obtained from Atropo beflodonng and Datura sp. LSD (Lysergic acid Diethylamide] Is
obtained from fungus.

= Tobacco: it contains nicotine, which is stimulant. It stimulates adrenaline and increases the secretion of
adrenaline. Smoking of tebacco leads to lung cancer, branchitis, emphysema, coronary heart diseases.

Adolescence and Drug abuse
Causes of drug abuse — Effects afdmgfa]mhnl_ abuse - Prevention and conirol
Curiosity Reckless behaviour Avoid peer pressure
Adventure Malicious mischief Eonnneitine and-clazitian:
Excrtement Viclence Take help from teachers,
Expenimentation Dirop mn academic performance parents and peers
Stress or pressure to Depression, 1solation, Take professional and

Figmre T4 Blirleta, sdrpilirs s
T TR T S T 1)

O
V.

|

1} [
e —
Figme BT Garmoc| mmeaen w by

Tgum &0 Frpam popor

B&

T A0 Leprm ol Cobinulily sl




!

CAUSES-Curiosity or
experimentation,
pear pressure,
unsupportive
family,

To escape from
strass in academics

DRUGS ‘

v
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PREVENTION
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medical help

Addiction: Temporary good feeling after taking the drug- eupharia, Habitual & psychological attachment

to drug effects.

Dependence; Tendency of body to manifest unpleasant withdrawal symptoms if drug is discontinued.

Withdrawal syndrome: amoety, shakiness, nauses, sweating.

Addiction is Psychological ; Dependence is Physiological
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Q.3 Alcohol is among the most addictive and widely used drugs. Adolescence are most vulnerable to alcohol abuse
often due to peer pressure, and sometimes due to curiosity. Most alcohol is absorbed by stomach and small
intestine, and is broken down inte water and COzin liver. However, this process takes certain time, and during this
period aleochol dreulates in blood. The bleod alcohol levels (BAL) of an individual who had taken 6 units of alcohol,
was measured experimentally over a period. The data collected is shown in table below:

Time since BAL / mg of alcohol
drinking / howrs per 100 em? of blood
0.0 0.0
0.5 0
1.0 135
1.5 140
20 115
3.0 75
40 50
50 40

Based on data available, answer the following questions:

a. The legal limit of BAL in India is 30mg/100cc of blood. After approximately how long can the individual drive
back home?

b. Liver detoxifies alcohol, however long-term use of alcohol may have adverse impact on liver. Provide one
damaging effect oflong-term use of alcohol on liver.

. How is psychological attachment to alcohol different from physiological habituation? Provide specific terms and
differentiate between the two conditions.

OR
d. Suggest 2 strategies that you as an adolescent can follow for prevention and control of alcohol abuse.
Types of immunity

Imsvivansty
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~cyinkine c.g inferfrron

B—l‘ymphﬂc}'t:
T- lymphocyte Anttbody modiatod
t cell mediated mmj,t_y
Trmurmseriiby

Q.4 Primary immune response is of slow intensity than secondary immune response. Justify the statement.

(.5 Vaccination is a form of active immunity. Justify.
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CHAPTER-8 MICROBES IN HUMAN WELFARE
Note - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE Syllabus(2026-27):- Marks (6-8) Microbes in food processing, industrial production, sewage
treatment, energy generation and microbes as bio-control agents and bio-fertilizers. Antibiotics;
production and judicious use.

1) Microbes are diverse.
Ex-protozoa, bacteria, fungi, microscopic plants, viruses, virgids and also prions (proteinacesus
infectious agents).
2] Microbes like bacteria and fungi can be grown in nutrient media in the [aboratory to form colonies and
can be seen in naked eyes.

3) Some microbes’ causes diseases and some are useful for human being.

Where Microbes Type Use
used
Household | LAB (Lactic acid bacteria) Curd + increasing vitamin B12
products Propionibacterium sharmanii{Bacterium) Swiss chess
Saecharomyces cerevisiae (Fungi) Idli , dosa , toddy, bread
Penicillium roqueforti (Fungi) Rogquefort cheese
Industrial | Saccharomyces cerevisine (Fungi) Ethanol
Products Aspergillus niger (Fungi) Citric acid
Penicillium notatum  (Fungi) Antibiotics
Acetobacter oceti {Bacterium) Acetic acid
Clostridium butylicum{Bocterium) Butyric acid
T&EEEEJ'};S__EEEEI’EHUET Lactic acid
Enzymes Streptokinase- Streptococcus (Bacterium) Clot buster
Lipases- Bacillus and pseudomonas [Bacterium) Removes stains of grease and oil
Pectinases & Proteases- Clearing bottled juice
Aspergillus niger (Fungi)
Barillus subtilis (Bacterium)
'Biuatt'rme Trichoderma pelysporum (Fungi) Cyclosporin-A
molecules (Immunosuppressant]
Monascus purpureus (Fungi) Statins (Blood chalesterol lowering
agents)
Nucleopolyhedrovirus(Virus) Caterpillar & insect -resistant
Bincontral- | Bocillus thuringiensis (Bacteria) Insect resistant plant
agents Ladybird Eradicates Aphids
Dragonfiies Eradicates Mosquito
Trichoderma sp. Several plant pathogens in root
system
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Q.1 Lactic acid bacteria are a kind of microorganisms that can ferment carbohydrates to produce lactic acid, and are
currently widely used in the fermented food industry. They are used to improve the flavor of fermented foods,
increase the nutrition of foods, reduce harmful substances, increases shelf life, and so on. They can also be used as
probiotics to promote health in the body.

a. Give the full form of LAB.

b. Which type of food would have lactic acid bacteria? Give 2 example.

¢. How is eurd formed? ii. What happens to the milk protein during formation of the curd?

Q2. Match the following columns:
columnt | Columnin
I A Statin 1. Aspergillus
| B.Cyclosporin A | 2. Monascus.
?ﬁt-r;l:t;kinase 3. Streptococcus
| D.Citric acid 4. Trichoderma
Q.3 Assertion: Fermentation by microbes is used in the production of alcoholic beverages.

Reason: During fermentation, microbes convert sugars into water and carbon dioxide.

MICROBES IN SEWAGE TREATMENT
This municipal waste-water is also called sewage. Sewage treatment is done in two stages- primary treatment
and secondary biological) treatment
Primary Treatment -This involves physical removal of particles through filtration and sedimentation. The
effluent from the primary settling tank is taken for secondary treatment,
Secondary treatment (Biological trestmentl-The primary effluent is passed Into large aeration tanks where
air is pumped into it. This allows vigorous growth flocs. These microbes consume the major part of the organic
matter reduces the BOD. Once BOD reduced the efflugnt is then passed into a settling tank where the bacterial
‘flocs’ are allowed to sediment. This sediment is called activated sludge. A small part of the activated studge
is pumped back into the aeration tank. The remaining major part of the sludge is pumped into large tanks
talled anaerobic sludge Digesters. Here anaerobic bacteria produce biogas (methane, hydrogen sulphide and
carbon di oxide).

BOD: It represents the amount of dissolved Oz required for the complete oxidation of all the organic matter
present in one litre of H.0 by bacteria at 20°C.

PROCESS OF SEWAGE TREATMENT
SEWAGE (Wastewater)

Primary Treatment Tank
{Physical removal of large particles)

Primary Effluent

Secondary Treatment Tank
{ Role of Microbes Begins Here )

Aerabic Bacteria + Air Pumping {Aeration)
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Bacteria form FLOCS (masses of fungi and bacteria)

!

Microbes consume organic matter in sewage (BOD reduced)

Flocs sediment: called Activated Sludge

! |

Part recycled into tank Remaining sludge
ta maintain microbes

Anaera!ic Sludge Digester

4

Anaerobic Methanogenic Bacteria
Produce Bii)'gas {Methane, CO;, Hs5)

Treated Effluent Released into rivers or reused

Key Points to Remember
Aerohic bacteria help in breaking down organic matter.
Fiocs are clumps of bacteria and fungal filaments,
BOD reduction indicates purification of sewage.
Methanogens work anaerobically and produce biogas.
MICROBES IN PRODUCTION OF BIOGAS-
Biogas is {containing methane) produced by the microbial activity of methanogen on cow dung and cellulasic
waste. Cow dung is common source of methanogens e.g. Methanobacterium. These bacteria are commonly
found in the anaerobic sludge during sewage treatment and rumen of the cattle. The biogas is used for
cooking and lightring.
Microbes as Biopesticides (Biological Control of Pests)
Biopesticides are biological agents (bacteria, fung, viruses) used to control weeds, insects, and pathogens
instead of harmful chemical pesticides. This approach is a key component of Integrated Pest Management
(1PM).
A, Bacteria: Bacillus thuringiensis {Bt)

e Target: Used to control butterfly caterpillars, insect larvae, and beetles.

= Mechanism of Action: In the alkaline pH of the insect’s gut, the taxin (Cry protein) becomes active, It
creates pores in the midgut epithelial cells, leading to cell lysis, swelling, and eventually the death of
the insect.
B. Fungi: Trichoderma

= Target: Controls several soil-borne plant pathogens (fungi and bacteria affecting roots).

e Features: Trichoderma species are free-living fungi that are very common in the root ecosystem
{rhizosphere).

s They act as highly effective biocontrol agents by suppressing plant diseases through antibiasis,
competition, or mycaparasitism.
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C. Viruses: Baculoviruses (Genus: Nucleopolyhedravirus)
= Target: Excellent choice for controlling insects and other arthropods.

= Key Characteristics:

(4]

Species-specific

Narrow-spectrum insecticidal applications

Ideal for IPM

D. Microbes as Bicherbicides

Bioherbicides (or mycoherbicides when fungal) are biclogical agents used to selectively eliminate weeds

[§]

{unwanted plants) without damaging the crop or polluting the <oil,

« Fungal Pathogens (Mycoherbicides): Specific fungi are used to target and destroy weed species.
= Bxample 1: Phytophthora palmivora — Used as a mycoherbicide to control the growth of
milkwead vines in citrus orchards.
= Example 2: Alternaria crassa — Used to control specific broadleaf weeds.

e Bacterial Herbicide: Certain strains of bacteria (e.g., specific strains of Pseudomonas species) are

used to suppress the growth of weeds like wild oats and downy brome by colonizing their root

systems,
Q.4 a. Organic farmers prefer biological control of diseases and pests to the use of chemicals for the same purpose.
Justify.
b. Give an example of a bacterium, a fungus and an insect that are used as biocontrol agents.
MICROBES AS BIOFERTILISERS-
Bacteria- Rhizobium in the root nodule of leguminous plants fixes atmospheric nitrogen into organic forms.
Azospirillum and Azotobacter (free living bacteria) are also used as nitrogen enriching bio fertilizers. Some
ather examples-Fungi farm Mycorrhiza (2 symbiotic association with root nodules of higher plants) .e.g.-
Genus Glamus farm mycorrhiza. The role of fungus in this association is to absorb phosphorus and develop

resistance to root borne disease, tolerance to salinity and drought. Cyanobacteria (Anabaena, Nostoc,
Oscillatona etc)

.5 The given diagram shows the root system ef a leguminous plant.

a. Name the microbe present inside the root nodule and mention the role of it.
b.  Howis this microbe differing from Nostoc?

Microbe / Group Usad For Main Function Crop [ Plant Example

Bactaria (Rhizabium) | Nitrogen fixation Converts atmospheric nitrogen | Leguminous plants ke pea,
into usable form for plants gram, beans

Free-living  Bacteria | Soil fertility Fixes nitrogen independently in | Wheat, maize, cotton

[Azotobacter) =il

Cyancbacteria {Blue | Paddy field fertility | Adds organic matter and fixes | Rice fiald

Green Algae] nitrogan

Arnabasna, Nostoc

Symbiotic Association | Green manure Improves nitrogen comtent in | Paddy cultivation

Azolla-Anabasna) | waterlogged fields

Fungi  (Mycorrhiza) | Mineral absorption | Increases absorption af | Forest tree

{Glamus) phosphorus and water
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0.6 3. Organic farmers prefer biological control of diseases and pests to the use of chemicals for the same purpose.
Justify.
b. Give an example of a bacterium, a fungus and an insect that are used as biocontrol agents.

Antibiotics: Production and Judicious Use

Antibiotics are chemical substances produced by some microorganisms that can kill or stop the growth of
disease-causing microbes. They are mainly produced by bacteria and fungi.

Example: Penicillin Streptomycin Tetracycline etc.

Discovery of Antibiotics

Penicillin = The First Antibiotic

= Discovered by Alexander Fleming in 1928.

= Fleming observed that the fungus Penicillium nototum prevented the growth of bacteria
(Staphylococei) on a culture plate.

» The substance released by the fungus was named Penicillin.
Production and use of antibiotics:
Microbe Selected = Culturad in Fermenter mmp Fermentation Process s Antibiotic Produced i traction
& Purification =) Medicinal Lise = ludicious Use Necassary.

Judicious use means the careful and proper use of antibiotics. Improper use can make bacteria resistant to antibiotics,
This is called antibiotic resistance.

Guidelines for Judicious Use

- Use antibiotics anly when prescribed by a doctor

- Complete the full course

- Do not use antibiotics for viral diseases |lke cold and flu

- Avoid self-medication

- Do net overuse antibiotics

.7 Alexander Fleming observed that in the presence of Penicillium notatum a particular species “A" cannot grow.
Identify A and give the reason for the observation.
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ROLE OF MICROBES IN HUMAN WELFARE

Microbes are tiny living organisms thamria h.mg{. algmz. protorcs: virusses)
t!'_lm #are extremely useful to humans in many ways.
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CHAPTER-09 BIOTECHNOLOGY: PRINCIPLES AND PROCESSES
MNote - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE Syllabus 2026-27: (Marks B-10) Principles of hiotechnology, plasmid as a vector, restriction enzyres,
recombinant DNA technology, gel electrophoresis, cloning vector, insertional inactivation, competent
host, processes of recombinant DNA technologic, selectable marker, bioreactor and downstream
processing.

Biotechnology Definition: The European Federation of Biotechnology (EFB) defines biotechnology as “The
integration of natural science and organisms, calls, parts thereof and molecular analogues for products and
services”,

Principles of Biotechnalogy:
1. Genetic engineering — Technigue to introduce foreign genetic material (DNA/RNA] inta the host’s genome
and altering its phenotype.
2.Bioprocess engineering- Maintenance of sterile {microbial contamination free) ambience in chemical
engineering processes for manufacture of products such as protein, antibiotics, vaccines, etc.
Plasmid: it is 3 self-replicating, double stranded, circular DNA used as 3 vector in Racombinant DNA
technology. Plasmids are generally isolated from bacterial cells like E. coli.

Basic steps in Recombinant DNA Technology.

Finiedwiny DIRA
e i e j',j"j;f,f"r;"I':,';j,’:"“'” .- a)ldentification of desired gene or DNA.
b)lsolation of DNA with desirable genes using
300 3O SOoCOC restriction endonuclease: Gene of interest (e.g.,
ki Sl b disease resistant gene).
DA by palsppplid
O igation of foreign into the vector plasrmi
4 b)Ligation of foreign DNA into the vector plasmid

O to form recombinant DNA(rDNA).

d)Transformation of host with rDNA.

]| Trormfirtimii
%

g)Selection of recombinants

fiMaintenance of introduced rDNA in the host.

Construction of First Recombinant DNA Malecule

e First recombinant DNA {rDNA) was produced by Stanley Cohen & Herbert Boyer (1972).

e They isolated an antibiotic resistance gene (piece of DNA) from a plasmid of Salmonella
typhimurium.

e Itwas linked with a plasmid vector and transferred into E coli

e Asaresult, the gene was expressed & multiplied in E. coli and makes the E.coli cell resistant
against that antibictic.

Teols of Recombinant DNA Technology
1.Restriction Enzymes:

76



Discovered in 1963; enzymes that cut DNA at specific sequences.
Restriction enzymes belong to Nucleases and are of two kinds:
Endonucleases — Cut the DNA at specific positions within the Restriction sites.
Exonucleases — Cut the DNA at the ends (Remove the nucleatides at the ends of the DNA)
Over 900 restriction enzymes have been isolated, all of which recognize different DNA sequences.
[Recognition sequences) These sequences are Pallindromic in DNA.

e Restriction enzymes cut a little away from the center of palindrome site, but between the same two
bases on the opposite strands. As a result, overhangs (called sticky ends) are generated on each strand.

s Sticky ends form hydrogen bonds with their complementary counter parts with help of DNA ligases to
form rDNA molecule.
E.g., Palindromic nucleotide sequence for EcoRl [cleaves the H-H bonds between the bases G-A of the
palindrome sites GAATTC of bath the strands) s
5 —— GAATTC — 3’
3 —— CTTAAG — 5°

FcoRl
ﬂi Recognition Sequsnca
5 [ d G AATTEC o
¥ | CTTAAG 5
Cleavage ‘ 4
EcoRi

Sticky Ends

5T Ee—mel G AATTCOESS—— XY
i ICTTAA i e

‘ DNA LIGASE

I I GAATTCI
E ICTTAAGI ]

Naming/Nomenclature of the Restriction enzymes:
» First letter indicates the Genus of source microbes,
s The sacond two letters indicate species. The third letter indicates the strain source microbes.
s Roman numbers is the order in which the enzymes were isolated from that strain of bacteria).

» “EcoRl isisolated from the bacteria Escherichio coli

E from Escherichia, ecofromceoli, R from 'RY13, V" isolated first from that bacteria

.1 Why is the same restriction enzyme used for both DNA molecules?

2.Cloning Vectors: Following features are required to facilitate cloning into a vector:-

1. Grigin of Replication (ori): | It is a sequence from where the replication starts .Initiates replication,
controls copy number.

' 2. Selectable Markers: Identify transformed cells, e.g., antibiotic resistance ganes.




3. rop Controls initiation of plasmid replic i £ 1 i 0
{1.2 A T I"-J’/_ _:_:.l‘-—"_—lr-_. g
scientist 4. Cloning Sites: Restriction sites for inserting foreig ™'/ 00" be
transforms ligated at BAM HI site of tetracycli - 1:| | st
bacteria \ -'x:‘ Vs N
with plasmid pBR322 carrying a foreign gene inserted into the tetR region. The & { = .“’J-‘__g::;.-/
bacteria are first grown on ampicillin-containing medium and then transferred to g

|}
e il

tetracycline-containing medium. Which colonies are most likely recombinant?
E.cali cloning vector PBR322

# Plasmids and Bacteriophages: Capable of replicating independently within bacterial cells.
Vectors for Plants and Animals:

78



1.Agrobacterium tumefaciens (Ti plasmid) for plants, 2, Retroviruses for animals.

Q.3 Assertion: A piece of DNA inserted into an alien organism generally does not replicate if not inserted into a
chromosome.

Reason: Chromosomes have specific sequences called "ori’ region where DNA replication is initiated.

Selection of Recombinants using antibiotic resistance genes: Selection of recombinants is the process of
identifying bacteria that contain recombinant DNA.

It is done using marker genes, such as antibiotic resistance genes, to distinguish recombinants from non-
recombinants.

Selection of recombinants through insertional inactivation: it is 3 method used to identify recombinants by
inserting a foreign DNA into f-galactosidase (lac z) gene, which inactivates it. Recombinants form white

Vector containing amp® and 12 genes
(e.qg.. pBR322)

1

Foreign DNA (gens of interest)

!

insarted into tetracycline resistance genes (faet™)
of plasmid pBR322 using ligase

+ E

Recombinant plasmid Non-recombinant plasmid
(fet® gene disrupled/inactive) {12t gene remailns aclive)

|
amp™ O tel™ amp“O ter™
| | J

+

l Transformation into E. coll cells |
+

[ Cells spr=ad on medium containing ampicillin J

(Selaction 1)

8

Only transformed bactera survive because
amp” gena |s presaent in plasmids

i

Colomes transfarrad (o madiurm
contalning taetracycline (Selaction 2)

Colonies grow on tetracycline Colonies do not grow on tetracycline
= Non-recombinants = Recombinants
{tat® gena fTunctional) (t=t® gene disrupted by forsign DNA)
Resmtant o both simpicillin Resistant to ampicillin only;
and tetracycline sensitive 1o tetracycline
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colanies while non-recombinants farm Blue colonies in the medium (Blue-white screening). It is done using

pUCLE as a vectar.

3.Competent Host: It is a host cell that has the ability to take up foreign DNA or recombinant DNA from the
surroundings (transformation with receambinant DNA). A host is made competent artificially by following

methods:-
| Method | Explanation
Divalent Cation Treating a cell with a specific concentratian of a divalent Cation, such
as calcium ion, increases the cell's efficiency to take DNA.
Heat and shock incubating the host cell under heat and then ice, create pores an the
wall through which DNA enters the bacterium.
Micro-injection rDNA is directly injected into the nucleus of an animal cell
Biolistic/ Gene gun method plant cells are bombarded with high-velocity micro-particles of gold or
- - tungsten coated with DNA. |
Disarmed pathogen vectors Infect host cell and transfer r- DNA into them

Processes of Recombinant DNA Technelogy

= [solation of Genetic Material (DNA):

Breaking cells open to release DNA using enzymes like lysozyme
{bacteria), cellulase {plants), chitinase (fungi).
Removing RNA and proteins to purify DNA.

= Cutting of DNA at Specific Locations:

Using restriction enzymes to cut DNA at specific sites.
Visualizing DNA fragments using agarose gel electrophoresis.

= Amplification of Gene of Interest
using PCR:

In vitro synthesis of multiple DNA copies using PCR

= Insertion of Recombinant DNA inte
Host Cells:

Introducing ligated DNA inta host cells to transform them, e.g.,
E. coli with antibiotic resistance genes.

I Selecting transformed cells using selective media.

= Dbtaining the Foreign Gene Product:

Cloning genes into vectors and transferring into host cells for
expression.
Producing recombinant proteins in large scale using bioreactors

= Downstream Frocessing:

Purification and formulation of the product after biosynthesis.
Clinical trials and quality control testing.

Gel Electrophoresis:-

It is a technigue used to separate DNA bands on a gel under the applied electric field.
Principle: Seperation on DNA bands takes place on the basis of their molecular weight and size.

Steps:

a) The fragments of DNA obtained after cutting with Wells
restriction enzymes are separated by using gel J, L ;:_'Hm'" _:;,;;‘;,..m
electrophoresis. N iy 4

b) Electric field is applied to the electrophoresis ; —Qf : -';’ Bl f /

matrix (commonly agarose gel) and negatively

charged DNA fragments move towards the e) DNA fragments are visible as bright orange

anode,

coloured bands in the agarase matrix.

C) Fragments separate according to their size by the | f)  These bands are cut from the agarose gel and
sieving properties of agarose gel. Smaller the extracted from the gel piece (elution).

fragment, farther it movas.
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d) Staining dyes such as ethidium bromide followed | g) DNA fragments are purified and these purified
by exposure to UV radiations are used to DNA fragments are used in constructing
visualize the DNA fragments. recombinant DNAs.

Q4. Nowadays says which matrix is used in gel electrophoresis? From which source one can get gel used in
electrophoresis?
Q.5. Bacterial cells are treated with CaCl; and subjected to heat shock before adding plasmid DNA.

a. Why is CaCk treatment necessary?

b. What is the function of heat shock?

¢. What is meant by competency?

Polymerase Chain Reaction (PCR)

It is a technique used to make multiple copies of a specific segment of DNA. PCR consists of 3 steps:

Denaturation Double helical DNA is denatured by providing high temperature (94 °C
Annealing Joining of the two Primers at the 3’ end of DNA template (at about 52 =C).
Extension Addition of nuclectides to the primer and extending the chain (at about 72 °C). DNA

polymerase get degraded in such high temperatures hence the thermostable Tag
DNA polymerase used in this reaction as it is isolated from thermophilic bacteria,
Thermus aquaticus (Tag).

This cycle is repeated several times to generate up to 1 hillion identical copies of the DNA.

Region to be amplified
i I 1
5 -
A ¥ g ds DMNA
Denaturation {L Heat
2 5 I :
B . ~ % » Primers
Annealing L DMA, padyrmarane
{L (Tary pabyrmerase)
- « decynucieatides
c sr 1!
Extension P - G "
ﬂ- 30 cycian
== s SEs s ess s e = 1S U
i sEEESsEnERERn snes = I Amplified
1 (=1 bl thivnes)

i o= e s ene e =
(.6 During PCR, denaturation at high temperature helps to:
Q.7 a. Explain the correct sequential step-of polymerase chain reaction.

b. Which enzyme is used for PCR and why?
C. What is the seurce of that enzyme?

0.8 How and why is the bacterium Thermus aguaticus employed in recombinant DNA technology? Explain.
Bioreactors

® These are the vessels in which raw materials are biologically converted to specific products, enzymes
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etc., using microbial, plant, animal, ar human cells.

® Bioreactors are used to produce large quantities of products. They can process 100-1000 litres of
culture.

® A bioreactor provides the optimal growth conditions (pH, temperature, substrate, salts, and
vitamins, oxygen) to get desired product.

e The most used bioreactors are of stirring type (stirred-tank bioreactor). It is usually cylindrical or
with a curved base to facilitate the mixing of the reactor contents. The stirrer facilitates even mixing
and oxygen availability. Alternatively, air can be bubbled through the reactor.

The bioreactor has the following facilities.

e 1. Anagitator system 2. An oxygen delivery system

e 3 Afoam control system 4. A temperature control system

e 5. pH control system 6. Sampling ports (for periodic withdrawal of the culture)
VEE oy r i Ty
Inereased
surfncc
=T I
Aol FLlEm s Motor n::\:_é::l:;“\\
for pid Sk RO WY Transfer i =11
ok res] - Thralkoy el vl
| et 1 FRU R B FITS PR g
Stenn lor
sterlisntton | :__'".“Il’ﬁjll::' ‘G%_ ——%
| Broth Gubstsles'
alirmmntienl iy
= inorease 1 he
—Serile Al OO LT
M v \h_'l'l'lil'iﬂ-r\u" nrea o

Downstream Processing: — |t is a series of processes such as separation and purification of products after

the biosynithetic stage.
— The product is formulated with suitable preservatives. Such formulation undergoes thorough clinical trials

and strict quality control testing.
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| BIOTECHNOLOGY: PRINCIPLES AND PROCESSES |
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CHAPTER-10-BIOTECHNOLOGY AND ITS APPLICATIONS

MNote - For answers of intext questions, scan the QR code of the Question bank of the chapter
| CBSE SYLLABUS 2026-27{ Marks-6-8) Application of biatechnology in health and agriculture: Human |
insulin and vaccine production, stem cell technology, gene therapy; genetically modified organisms -
Bt crops; transgenic animals; biosafety issues, biopiracy and patents.

The critical research areas in biotechnology are:

1. Improved Catalysts: Using enhanced organisms or pure enzymes.

2, Optimal Conditions: Engineering the best environment for catalysts to act.

3, Downstream Processing: Technologies to purify proteins or organic compounds.

APPLICATION IN AGRICULTURE

Involves three aspects for increasing food production:
= Agrochemical-based agriculture
» Organic agriculture
= Genetically engineered crop-based agriculture
Green revolution succeeded in tripling the food supply by the use of:
— Improved crop varieties
— Better management practices
— Agrochemicals (fertilisers and pesticides)
Techmque of regenerating whole plant from any explants, i.e., any part of 2 plant taken out and grown ina
test tube under sterile conditions.

The capacity to generate a whole plant from any cell/explant is called totipotency.

Techniques of Tissue Culture
Micropropagation Meristemn Culture
— Technique for growing thousands — Recovering a healthy plant froma
of plants in 3 shorter time by diseased plant (infected with a
providing proper nutrients virus) by removing the meristem
—  Each grown plant will be (apical and axillary) and growing
-genetically identical to the parent them under in vitro canditions

plant, i.e., somaclones
— Examples: Tomato, banana, apple,
Btc.

Somatic Hybridisation

— Process of fusing the protoplasts of different varieties or species of plants in a
suitable nutrient medium under in vitro conditions to develop a somatic hybrid

— For e.g.,, Pomato is the somatic hybrid produced by the protoplasmic fusion of
tomato and potato




Genetically Modified Organisms (GMOs)

= Plants, bacteria, fungi, and animals whose genes have been altered by gene manipulation
Genetic modification of crops has resulted in:

— Crops more tolerant to abiotic stress

— Reduced raliance on chemical pesticides

— Reduced post-harvest loss

— Increased efficiency of mineral usage by plants

— Enhanced nutritional value of food, 2.2., golden rice (enriched in vitarmin A)

Bt Cotton
= Genetically modified crops like Bt cotton and Bt corn are engineered with a gene from Bacillus
thuringiensis and produce CRY proteins to reduce insecticide use
=  The bacterium produces CRY proteins, which act as biopesticides by killing insects
Pathway of action:
— Bt toxins (inactive form presernit in the genetically modified plant) are ingested by insects
— Alkaline pH in the insect's gut solubilises the crystal proteins

Bt COTTON — Insect-Resistant Transgenic Crop

Bacillus thuringiensis and the Insecticidal Prot=in

Some strains of Bacillus thuringiensis produce proteins that kill certain insects such as:

Lepidopterans Coleopterans Dipterans
Tobacco budworm, Beetles Flies, mosguitoes
armyworm

= B thuringiensis forms protein erystals during a parti:u!a; phase of their growth. These crystals
contain a toxic insecticidal protein.

= Genetically modified crops like Bt cotton and Bt corn are engineered with a gene from Bacillus
thuringiensis and produce CRY proteins to reduce insecticide use

=  The bacterium produces CRY proteins, which act as biopesticides by killing insects
Pathway of action:
— Bt toxins (inactive form present in the genetically modified plant) are ingested by insects
— Alkaline pH in the insect's gut solubilises the crystal proteins

Why Does the Toxin Not Kill the Bacillus?

In the Bacterium In the Insect's Gut

— Bt toxin protein exists as inactive = Irisect ingests inactive toxin
protoxin — harmiless to the host — Alkaline pH of the gut solubilises
— The inactive form does nat the crystals
damage the bacterium's own celis — Converted into active form of
toxin




Mode of Action of Bt Toxin

Insect ingests the inactive Bt toxin inoctive protoxin
Ingestion {protoxin) crystals present in the transgenic
plant

' Alkaline pH of the insect midgut solubilises  Active roxin formed
Activation the crystal proteins and converts protoxin
to active toxin

= Activated toxin binds to the surface of Specific receptor
1 in
€ midgut epithelial cells binding
Toxin creates pores in the epithelial cel Cell rugture
B Eariaiion _m reates p re in th Fl-l i i | rugtu
membrane causing cell swelling and lysis
Fo Disruption of midgut cells leads to eventual  Past elimingied

death of the insect

Bt Cotton and cry Genes

= Specific Bt toxin genes were isolated from Bocillus thuringiensis and incorporated into several crop
plants such as cotton (Figure 10.1).

= The choice of genes depends upon the erop and the targeted pest, 35 most Bt toxins are insect-group
specific.

=  The toxin is coded by a gene named ery.

cry genes and their targets:

Gene Crop Past Controlled
‘ cryldc & cryllAb Cotton (Bt cotton) ‘ Cotton bollwoarms
‘ crylAb Corn (Bt corn) ‘ Corn borer

Diagram: Bt Toxin Action in Insect Midgut

Insect Midgut (Alkaling ﬂH}.nns
in Adniing pH e A " o
Protoni | [—=semes- (RS0 —_— &
{Inactive)
@ cry gene product & Activaied by @ Cell lynis
e e ey
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PEST RESISTANT PLANTS

RNA Intarfersnce (RNAI) Strategy

Introduction — The Problem

Nematodes are tiny roundworms that parasitise a wide variety of plants, animals, and even human beings.
One such nematode causes serious damage to 3 major cash crop.

Aspect Detail

Pest (Nematode) Meloidogyne incognita

Host Plant Tobaccoe (Micotiana tabacum)

Mode of Attack Infects the roots of tobacco plants

Effect on Crop Causes a-great reduction in yield — sigmificant economic loss
Challenge Traditional pesticides are ineffective inside root cells

RNAj - RNA interference (RNAi) is a natural cellular defense mechanism present in ALL
eukaryotic organisms. It was discovered by Andrew Fire and Craig Mello (Nobel Prize, 20086).

Core Principle: RNAI silences the expression of a specific gene (mRNA) by using a complementary double-
stranded RNA (dsRNA) molecule.

Key Definition: RNA| = Silencing of a specific mRNA due to a complementary dsRNA
muolecule that binds to itand prevents its translation.

MNatural Sources of dsRNA

= Viral infection: Viruses with RNA genomes produce dsRNA inside host cells

= Mobile genetic elements: Transposons that replicate via an RNA intermediate
Mechanizsm of RNAI (Staps)

dsRMA Enters the Cell
A double-stranded RNA (dsRNA) molecule enters or is produced inside the eukaryotic cell.

Dicer Cuts the dsRNA
An enzyme called Dicer cleaves the dsRNA into small fragments called siRNA (small interfering
RNA), about 21-23 nucleotides long.

RISC Formation
siRNA is incarporated into a protein complex called RISC (RNA-Induced Silencing Complex].

mRNA Targeting
The antisense strand of siRNA guides RISC to bind to the complementary target mRNA sequence.

mRNA Degradation
RISC cleaves and degrades the target mRNA, preventing its translation into protein —gene is
effectively SILENCED.
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Strategy to Protect Tobacco Plants (RNA i)

(1.1 Assertion: RNAI takes place in all eukaryotic organisms as a method of cellular defiance.
Reason: RNAI silences specific mRNA of the pathogen through a3 complementary dsRNA and protects the plant.
Q:2:How did the process of RNA interference help to control the nematode from infecting roots of

tobacco plants? Explain.

The Approach — Overview
Scientists used the RNAI pathway as a weapon against the nematode. The goal was to silence a gene
essential for the nematode's survival, from inside the plant call itself.

Step-by-Step Process

Identify Nematode-Specific Genes
Scientists identified genes that are specific to Meloidogyne incognita and essential
far its survival.

Use Agrobacterium as Vector
These genes were cloned into Agrobacterium tumefaciens — a commonly used
plant genetic engineering vector {Ti plasmid).

Introduce DNA into Host Plant
The recombinant Agrobacterium was used to introduce the nematode gene DNA
inte tobacco plant cells {transgenic plant created).

Both Sense & Antisense RNA Produced
The DNA was engineered so that BOTH sense RNA and antisense (complementary)
RNA were praduced in the host plant cells simultaneously.

dsRNA Formed Inside Plant
The sense and antisensa RNA strands, being complementary to each ather,
hybridised to form a double-stranded RMA (dsRNA).

RNAJ Triggered
This dsRNA initiated the RNA| pathway inside the plant cell, targeting and silencing
the specific nematode mRNA.

Mematode Cannot Survive
When the nematode feeds on the transgenic plant roots, the siRNA enters the
nematode. |ts essential gene is silenced = nematode dies. Plant is protected!

0.3 Which bacterium is the source of the gene suggested by the scientist?
Q4.Cry gene is extensively used in genetic engineering to develop transgenic plants like cotton. Name the source
organism from which one can get the cry gene.
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GENETICALLY ENGINEERED INSULIN
Human Insulinis a hormone produced by the pancreas that regulates blood sugar levels. In individuals with
diabetes, the body either does not produce enough insulin (Type 1 diabetes) or cannot effectively use the
insulin it produces (Type 2 diabetes). Traditionally, insulin for medical use was extracted from the pancreas
of slaughtered cattle and pigs.
However, this animal-derived insulin could cause allergic reactians in some patients, The advent of

recombinant DNA technology has enabled the production of human insulin in bacteria, providing 2 more
effective and safer alternative.
Structure of Insulin Proinsulin
Insulin consists of two short polypeptide chains: Chain A and Chain B,
= These chains are linked together by disulfide bridges.

= [n mammals, including humans, insulin is initially synthesized as 3 . v A peptide

proharmone called proinsulin. i + lysulin

= Proinsulin contains an extra stretch called the C peptide, + B peplide

which is removed during maturation to form functional insulin. "‘-"'-——""'""""""
Free C poplide

Challenges in Insulin Production
= The primary challenge in produting insulin using recombinant DNA technology was assembling the insulin
chams into a mature form.
= Human insulin needs to be identical to the natural molecule to avoid immunological responses.
Q.5 Insulin from an animal source is discontinued in use because

Production of Geneticzlly Engineered Insulin
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1. Gene Cloning:



e The genes encoding the A and B chains of human insulin were identified and cloned.

o Thess genes were inserted into plasmids, which are circular DNA molecules used as vectors to
intraduce foreign genes into host cells.
2. Transformation:

o The recombinant plasmids carrying the insulin genes were introduced into Escherichio colil [E. coli)
bacteria through a procass called transformation.

& E. coli cells took up the recombinant plasmids and began to produce the insulin chains.
3. Expression:

# In the 1980s, Eli Lilly, an American pharmacautical company, developed a method to produce human
insulin in bacteria.

® The company prepared two separate DNA sequences corresponding to the A and B chains of human
insulin and inserted them into different plasmids.

o Thesa plasmids were then introduced into separate cultures of E. coli, leading to the production of
the individual A and B chains.
4, Purification and Assembly:

& The A and B chains were produced separately and then extracted from the bacterial cultures.
® The extracted chains were purified ta remaove any bacterial contaminants.

& Finally, the A and B chains were combined and chemically bonded through disulfide bridges to form
functional human insulin.

GENE THERAPY

Gene therapy is a collection of methods that allows the correction of a gene defect diagnosed in a child or
embryo. [t involves the delivery of 3 normal gene into the individual’s cells and tissues to take over the
function of and compensate for the non-functional gene.

Types of Gene Therapy

1. Somatic Gene Therapy:
Targets somatic (body) cells. Genetic changes are not passed on to the next generation.

2. Germ line Gene Therapy:
Targets germ cells {sperm / eggs/zygote or zarly embryos). Genetic changes are heritable and passed
on to future generations. Currently not practiced in humans due to ethical and technical issues.

o The first clinical gene therapy was given in 1990 to a four years old girl with adenosine deaminase
deficiency.

e This disorder is caused due to the deletion of the gene for adenosine deaminase enzyme responsible for
the production of normal functional T- lymphocyte for normal immunity.
Possible cure for the ADA disorder

e Bone Marrow Transplantation: Can cure some children but has limitations.
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e Enzyme Replacement Therapy: Functional ADA enzyme is given to the patient by injection but is not a
permanent cure.

e Gene Therapy:-Lymphocytes from the blood of patient are grown in 3 culture. A functional ADA cDNA
is then introduced into these lymphocytes and subsequently retured into the patients’ body . As these
cells are not immortal, the patient required periadic infusion of such genetically engineered
lymphocytes.

® |i could be a Permanent Cure if a functional gene is introduced into a bone marrow cells at early
embryonic stage.

MOLECULAR DIAGNODSIS

Molecular Diagnosis; For effective treatment of 3 disease, early diagnosis and understanding its
pathophysiology is crucial.

Molecular diagnosis uses technigues that identify diseases by detecting specific genes or gene products.
These techniques are more sensitive and specific than traditional methods.

Techniques of Molecular Diagnosis

1. Recombinant DNA Technology

o Involves the manipulation of DNA to identify genetic mutations or the presence of pathogens.

o Allows for the detection of specific DNA sequences associated with diseases.

2. Polymerase Chain Reaction (FCR)

o PCR is a powerful techmgque to amplify a specific segment of DNA.

o It can detect very low amounts of DNA in a sample, making it useful for early diagnosis,

o Application:

= Used to detect the presence of HIV in suspected AIDS patients,

» Helps in identifying genetic mutations in cancer patients.

* Can detect pathogens in various infectious diseases.

o Procedure:

« A small DNA sample is mixed with primers, nucleotides, and DNA polymerase.

= The mixture is subjected to repeated cycles of heating and cooling to denature the DNA, anneal primers,
and extend new DNA strands.

* The result is the exponential amplification of the target DNA sequence.

3. Enzyme-Linked Immunosorbent Assay (ELISA)

o Based on the principle of antigen-antibody interaction.

o Used to detect the presence of antigens (proteins, glycoproteins) or antibodies in a sample.
o Application:

= Used to diagnose infections by detecting antibodies against pathogens like viruses and bacteria.
= Can be used to monitor the immune response to infections and vaccines.

o Procedure:

« The sample is added to a plate coated with a specific antigen or antibody.

= |f the target antigen or antibody is present in the sample, it will bind to the coating.
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= A secondary antibody conjugated to an enzyme is added, which binds to the target.

= A substrate for the enzyme is added, leading to a colour change that indicates the presence of the target
antigenor antibody.

4. Autoradiogra and DNA Probas

A single-stranded DNA or ANA, tagged with a radicactive molecule (prabe), 1s used to detect its
complementary DNA.

Procedure:

* The probe hybridizes to its complementary DNA in a sample.

» The sample is then subjected to autoradiography.

» The presence of the probe Is visualized as bands on a photographic film, indicating the presence of the
target DNA sequence.

Application:

» Used to identify specific genes or mutations.

» Helps in the diagnosis of genetic disorders and infections.

Advantages of Molecular Diagnosis

1. Early Detection:

Molecular techniques can detect diseases at a very early stage, even before symptoms appear.

Early diagnosis allows for timely treatment and better management of diseases.

2, High Sensitivity and Specificity:

These techniques can detect low levels of pathogens or genetic mutations with high accuracy.

They reduce the chances of false positives and false negatives.

3. Wide Range of Applications:

Molecular diagnaosis is applicable to various fields, including infectious diseases, genetic disorders, cancer,
and monitoring immune responses,

Muolecular diagnosis has revolutionized the field of medical diagnostics by providing highly sensitive, specific,
and early detection methods. Technigues like recombinant DNA technology, PCR, ELISA, and DNA probes
have become indispensable tools in the diagnosis and management of diseases, enabling mare effective
treatment and improved patient outcomes

Technique Principle Application Detects Result

rDNA DNA Genetic mutations, DNA sequence Genemutation
Technology  manipulation  Pathogens

PCR DNA HIV, Cancer genes, DNA fragment Gel bands
amplification any pathogen

ELISA Ag-Ab Viral/bazterial Antigen/Antibody  Colour change
intaraction infections
DNA Probe Hybridization  Genetic disorders, DNA seguence Autoradiograph
mutations band

(.6 How is 3 probe used in molecular diagnostics?
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Ans: A probe Is'a ss DNA or RNA used to search for its complementary sequence in a sample
genome. By the process of hybridization and autoradiography, the probes can be identified.
Q.7. How have transgenic animals proved to be beneficial in:

a. Production of biological products?

b. chemical safety testing?
Ans. a. Rosie—the transgenic cow, produced human proteins containing human a-lactalbumin.
Transgenic animais have been made to produce a-1-antitrypsin used to treat emphysema.
b. Toxicity testing — Transgenic animals are more sensitive to toxic substances, so the results are
ohtained in less time.

TRANSGENIC ANIMALS

Animals whose DNA is manipulated to possess and express an extra (foreign) gene. E.g,, transgenic rats,
rabhits, pigs, etc. Reasons far developing transgenicamimals are:

Study normal physiology and development Study of dissases

—  Liseful to study gene regulation, —  Study of genes that are
their effect on the normal responsible for diseases in
functioning and development, for humans and transgenic models
e.g., study of insulin-like growth have been developed for many
factor human diseases like cancer, cystic

fibrosis, rheumatoid arthritis and
Alzheimer's disease.

Biological products — Produced by introducing a portion of DNA into
transgenic animals to produce a particular
product

— Fore.g, a-l-antitrypsin (human protein) used to
treat emphysema

— In 1997, the first transgenic cow, Rosie, produced
human protein-enriched milk (2.4 g/L). The milk
contained the human alpha-lactalburmin and was
rmore balanced for human babies than natural
cow rmilk.

Vaccine safety — Transgenic mice are developed to test the safety
of vaccines before they can be used on humans,
for e.g., polio vaccine

i Chemical safety testing — Used for testing the toxicity of drugs
— Transgenic animals are made to carry genes which
make them more sensitive to toxic substances
than non-transgenic amimals

— Toxicity testing in such animals will allow us to
abtain resulis in less time
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(1.8 A biotechnological product human protein (2-1-antitrypsin) from transgenic animals is used to treat

Ethical issues: The manipulation of living organisms by humans, particularly through genetic engineering,
raises several ethical issues. These concerns revolve around the morality, safety, and potential consegquences
of such activities on living arganisms and the environment.

GMOs can have unpredictable results when such arganisms are introduced into the ecosystem.

The modification/usage of living organisms for public services has also created problems with patents
Therefore Regulatory bodies like

Genetic Engineering Approval Committee (GEAC) in India oversee the validity of GM research and the safety
of intraducing GMQs for public services

There 15 a need for transparency, public engagement, and education to address concerns and build trust in
hiotechnological advancements.

Biopatent:-it is the Right given to the Inventor ar a country about his invention or a hiological resource to
prevent the illegal use by others.

Biopiracy:- It refers ta the unauthorized/illegal use of biological resources by multinational companies and
organizations without proper compensation to the countries and people concernead.

An example of biopiracy is the case of Indian Basmati rice, where an American company was granted a
patent on Basmati rice lines and grains, derived from Indian farmer's varieties. This patent allowed the
company to sell Basmati rice in the US and abroad, potentially restricting the rights of Indian farmers and

traditional practices
4.9 What is biopiracy?

Tissie Culture GMO Crops Bt Cotton RNAI [ Pest Resistance
Totipotency -2 Made crops tolerant  Baclllus thuringiensis cry Melgidegyne incognita
Explants Micro- to abioticstress {cold,  genes (cryléc, cryllAb) nematode in tobacoo
propagation drought] Reduced Protoxin — Active toxin Agrobactarium vectors
Somaclones Virds-free  pesticides Enhanced falkaline gut pH) Kills dsRMA — ANAI silencing
via Weristemn Somatic  nutrition (Golden Rice lepidopterans, Parasite cannat survive in
Hybridisation (Fomato  —Vit, A) Increased colzopterans, dipterans transgenic hiost
example) mineral efficiency



Q.10 Assertion: The Green Revolution succeeded in tripling the food supply but yet it was not enough to meet the

demands of the growing

population.

Reason: Agrochemicals were very expensive and it was not possible to increase the

- BIOTECHNOLOGY IN MEDICINE

Genetically Engineered Insulin Gene Therapy

Earfier: animal pancreas =

allergic reactions Insy
Chain A + Chain B (disul

bonds) Eli Lilly {1983): E. coll

produced human insuli

recombinant therapautics

Molecular Diagnosis

First clinical therapy: 1990 4-year girl PCR — detects HIV, cancer mutations,

lirt= with ADA deficiancy ADA crucial for genetic disorders DNA/RNA probe +
phide immunity Lymphocytes + ADA cDNA avtoradiegraphy ELISA —antigen.—
{retroviral vector) Bone rmarraw antibody detects pathogen prateins
n =30 transplant or enzyme replacement or antibodies Early detection before
Fermanent cure if embryonic symptoms

approved worldwide

» TRANSGENIC ANIMALS (95% are Mice)

Normal Physiology Study of Disease  Biological Products

& Development

Study gene

Models for: o-1-antitrypsin

regulation Insulin- Cancer Cystic {emphysema) Rosie

like growth factor Fibrosis [1957): 1st transgenic
Biclogical role of Rheumatoid cow Human alpha-
Cenes Arthritis ctalbumin in milk
Alzheimer's (2.4g/1]}

T[] ETHICAL ISSUES

VaccineSafety  Chemical Safety

Testing
Test vaccines Toxicity,/safety
before human testing Carry
use Palio zensitive genes
vaccine tested  Results faster than
May replace normal animals

monksys

GEAC (Indiz)

Genetic Enginesring
Approval Committes

Biopiracy

Lize of bio-resources by
multinationals without proper

Patent Issues

Basmatl rice patent (1927) by US
company— derived from Indian



Evaluates GM research and authorisation or compensatory varisties Turmeric, Neem patents
safety of GMOs for public  payment Developed vs Developing Indian Patents Bill amanded to
services country Imbalance protect bio-resources

Q.11 a. What is a disadvantage of the traditional hybridisation procedure?
b. How has rDNA technology overcome the disadvantage identified in {a)?
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Biotechnology: Engineering a Better Future

Innovative solutions in agriculture and medicine, addressing ethical regulation

Bt Cotton: The Natural Bio-pesticide ~ RNA Interference (RNAi}
Bacillus thuringiensis genes praduce toxins A celiutar defance mechanism usad to
that activate |n insect guts, reducing need silence spacific nematode genes and
fior chemical sprays. protect fobaceo plant roots,

The Rise of GM Crops _a
GM0s engineerad for ablatic
stress tolerance and enhanced
nutritional value,

Agricultural Approaches Comparison

Farillsars and Enperstue for developg natians;

Peclicides it envimnmantal aost
Erirzmmantally feandly it oftzn
Natutl prooes=es It yleleds, ___ "_
" Inereased afficiancy, stress
o toierarce, end Waaﬂ____nznﬁ.._.nqj__zn.
Genetically Engineered Insulin Gene Therapy for ADA Deficiency
Defeclive

Py
@_ Approved .
iF 1863 g
% w o Recombinant " A Chaln : it
= Therapeutics | S8F _ o :
120f these safe, effective - L
blstech drugs are currently —~
being marketed in India. k& B 8 Chain -
M Damaged gene
i Eli Lilly (1983] successfully produced human insulin by A earrective technigue invalving the delivery of functional
7 combining separately grown A and B peptide chains, genas inte cells to trest hereditary disarders.

( i NoteboakLh
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CHAPTER-11: ORGANISMS AND POPULATIONS
MNote - For answers of intext questions, scan the QR code of the Question bank of the chapter

CBSE Syllabus(2026-27)- (Marks 4-8) Population interactions - mutualism, competition, predation,
parasitism; population attributes - growth, birth rate and death rate, age distribution.

Population: A group of species— Examples:

-livingin a well-defined geographical area, All the cormorants {water birds) ina wetland, Rats inan
-share or compete for similar resources, abandoned dwelling, Teakwood trees in a forest tract,
-potentially interbreed In nature. Bacteria in a culture plate and Lotus plants in 3 pond etc.
-Population ecology links ecology to

population genetics and evolution.

Population Attributes OR 1. Birth rates and death rates2.5ex ratio. 3. Age distribution 4.
Characteristics of Population Population size (population density)
Birth rates/natality rate Death rates/mortality rate
number of births per 1,000 individuals of a number of deaths per 1,000 individuals of a
population per year. per capita births population per year, per capita deaths
For example- For example-
Original population of lotus plants in 2 pond= 20 | Original population of fruit flies in a laboratory = 40
New plants added through reproduction=08 No. of flies died duringa week, = 04
50, birth rate= 8/20 = 0.4 offspring per lotus per | So, the death rate in the population during those
year. period = 4/40 = 0.1 individuals per fruitfly per week.
Sex ratio: number of females per 1,000 There are 2 common ways 10 express it
males of 3 population in given time. -Male to female ratio: Example: sex ratio of 105 means
Percentage of male and female individuals in | there are 105 males for every 100 females.
a population -Female to Male ratio; Example: sex ratio of 35 means
(e.g., 60 per cent of the population are there are 95 females for every 100 males
females and 40 per cent males) -
Age distribution: | Age pyramid The shape of the pyramids reflects the
structure that is abtained when per growth status of the population
Per cent individuals | cent individuals of 2 given age /age | - (3) Expanding /growing,
of a given age or age | group is platted for the population at | - (b) stable
groupina any given time, - () declining.
population at any Far human population, the age Pratrpodirlye
given time is called pyramids generally show age _
; . 3 z . : Rependortive
age distribution distribution of males and females in S %
a diagram. ' it

Population size (Population density= N): Example or Range of Population Size in

Population Density=Number of unit area in a region Nature
Mumber of unit area in a region =10 Siberian cranes at Bharatpur wetlands in

—— Changes with time. any year,

-Millions of Chlamydomonas in a pond.

—— Depends on various factors including food
availability, predation pressure and adverse weather.
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' Methods of Measuring Population Density

| 1. Total Number
-Most common
and appropriate
measure
-Not always
practical ar
meaningful

2. Per Cent Cover [
Biomass

-Used when total number
is misleading

-Example: 1 Banyan tree
vs. 200 Parthenium plants
— Banyan's ecolagical role | population
15 vastly underastimated
by number alone

3. Relative Density
- Used when absolute
count is unnecessary

reflects total lake

- Example: Number of
fish caught per trap -

4, Indirect Estimation
-Used when direct
counting isimpossible

pug marks & fecal pellets

| The best measure of population density depends on the organism, habitat, and purpose of the study

— nosingle method fits all situations.

1. Natality (B)

Growth mcreases

2. Immigration (I)

Population Growth

SEEGE
3.Mortality (D)
(+)

The density of a population in a given habitat during a given period, fluctuates due to changes in 4 basic

Growth decreases
(=)

.Emigration [E)

Immigration ()
The number of individuals of the
same species that have come from
elsewhere.

Natality(B)+

The number of births

+

POPULATION DENSITY (N)
: |

s Mortality (D)
-The number of deaths
 rro—t g

Emigration (E)
The number of individuals of the
population who laeft the habitat
and gone elsewhere,

So, if N is the population density at time t, then its density at time £t +1 is-

Ni+1 = population density at time t,

B = hirth rate,

| =immigration,
D = death rate,

E = emigration,

Nisi= Ny + [[B+1)— (D +E]]
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N: = population in the beginning.

Growth Models

4.1 Which of the following is the most accurate comment on Earth's carrying capacity (K)}?
.2 If a population of 50 Paramecium present in a pool increases to 150 after an hour, what would be the growth

rate of population?
.3 Which curve would depict the population of a species of deer if there are no predators in the habitat? Why is it

so?
Populstion Interactions
5.No. | Interaction EﬁEﬂ.t o Eﬂec_t " NMeaning Common Examples
| Species 1 | Species 2
1 Mutualism + + Both species are benefited Lichen (Algae +-Fngus), ke
and Flower
: | Dne species benefits, the | Orchid en Mango Tree, Cattle
2 Commensalism | + Q other is unaffected Egret and Cattle
- Parasite benefits while host | Tapeworm In Humans, Cuscuta
3 Parasitism + = ;
is harmed on Plants

- Fredation g — | Predator kills and eats prey Tiger and Deer, Frog and Insects
. o _ I Both species are harmed due | Weeds and Crops, Animals

P to struggle for resources competing for food
B Amensalism - Q G R e Penicillium and Bacteria

i

the ut_r!gr is ugaﬁecp_ad

Q.4 Predators in nature are said to be ‘prudent’. Can you give reason why is it so?

Predation

Role of Predators: Predators act as ‘conduits’ far energy transter

They keep prey populations under control.
prickly pear cactus in Australia (1920s) > controlled
anly after introducing a cactus-feeding math,.

Predators also help in maintaining species diversity in
a community by reducing the intensity of competition
among competing prey species.

Example: When all the starfish Pisaster of
American Pacific coast were removed from an
intertidal area, more than 10 species of
invertebrates became extinct within a year,
because of interspecific Competition)

| Defense mechanisms developed by prey:

Defenses evolved by Plants (Morphological and
chemical) against herbivores:
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Exponential growth: When resources (food
and space} in the habitat are unlimited.

Logistic growth: When resources (food and space) in the
habitat are limited.

M= Population Size
b=birth rate
d=death rate
r= intrinsic rate

dN fdt={b—d) =N

Let (b—d) =r, then
AN fdt = iV

e of natural increase
[Reproductive fitness

¢ Nature's carrying capacity(K) is described as the
limit beyond which no further growth is possible.

e Aplot of N in relation to time (t) results in a
sigmoid curve.

The above equation describes the
exponential or geometric growth pattern of a
population and results in 2 J-shaped curve
when we plot N in relation to time.

The integral form of the exponential growth
equation is

& This type of population growth is called Verhulst-
Pearl Logistic Growth and is described by the
following equation-

Where N= Population
density after time t
Ng = Population density at
time zero

r = intrinsic rate of natural

increase (Reproductive
fitness)
e = the base of natural
logarithms {2.71828)

Nt= Nf_]Ert

dN
i — = rN[K — N/K]

4t ]

Where N = Population density at time t
f = Intrinsic rate of natural increase
K = Carrying capatity

he 'r' Value
't is called the intrinsic rate of natural increase — a key
parameter used to assess the impact of biotic and abiotic
factors on population growth.

llustrative Examples
Darwin's Elephant: Even slow-reproducing

elephants, left unchecked, would eventually
reach enormous numbers — demonstrating
that rate matters less than time.

The Chess Board Anecdote: A minister bet
the king wheat grains — 1 on square 1,
doubling each square up to 64. The king
agread, thinking it trivial. By the halfway
poing, the total exceeded the entire
kingdom's wheat production — a vivid
demonstration of how doubling compounds
explosively.

Paramecium: A single individual dividing by
binary fission daily — doubling every day —
would reach a mind-boggling population in
just 64 days under unlimited food and space.

__ Species rvalue
Momay rat 0.015
Flour beetle 0.12
. Human (India, 1981) : 0.0205
Life Hiﬂ&ﬂ- Strategies & Reproductive Fitness

Darwinian Fitness

-Ability to survive and reproduce = high r value
-Populations evalve toward the most efficient
reproductive strategy under given selection pressures.

Feature Semelparity lteroparity
5 ; 4 Multiple
Meaning Single breeding T
Breeding Cnly oncein Many times
_frequency lifetime during lifetime
suryival Usually dies after Survives to
S reproduction bread again
breeding e e
Energy All energy in one Energy spread
| investment massive affort across lifetime
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Offspring Usually large Fewer per

riumber number st once | breeding event

Examples Pacific salmon, Most birds,
Bamboao Mammals

pulation density (4) —

Sigmoid curve
(Logistic Growth

J-Shape curve (Exponental
[ | Growth Curve)

Phase of deceleration

Phase of acceleration

Some species of insects
and frogs are cryptically-
colourad [camouflagad) to
avoid being detected
easily by the predator.

| Poisonous prey are
avoided by the predators
The Manarch butterfly is
highly distasteful to its
predator (bird) because
they acquires toxic
chemicals by feeding on
poisonous weed during
caterpillar stage —
avoided by birds.

~25% of all insects
are phytophagous
(feed on plants).
Plants cannot flee,
sn they evolved
special defences.
Tharns — Acacia,

Cactus

Calotropis produces
highly poisonous
cardiac glycosides.
Nicotine, caffeine,
guinine, strychnine,
opium Various
plants — defence
against
grazers/browsers

| Predator—Prey Balance

= Overexploitation of prey — prey extinction — predator extinction (lack of food).
| = Therefore, predators in nature are "prudent” — they don't overexploit.

[

Competition:

Competition- a process where the fitness (measured by 't' — intrinsic rate of increase) of one species is
significantly lowered in the presence of another species.

Darwin's View

Common MisuunnEEl_:'Eps & _C:_u::_‘e:_:tinns
[ Misconception rﬁealitr

e
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Only clasely related
species compete.

Totally unrelated species

Resources must be limiting
for competition.

tan also compete.
Competition can occur even
when resources are
abundant {interference
competition).

Interspecific competition = potent force
in organic evolution.

"Struggle for existence” and "survival of
the fittest."

fimiting, but not atherwise.

Gause's ‘Competitive Exclusion Principle’
It states that two closely related species competing for the same resources cannot co-exist indefinitely
and the competitively inferior one will be eliminated eventually. This may be true if resources are

Evidences in support: Competitive Exclusion-
1.The Abingdon tortoise in Galapagos Islands
(less browsing efficiency)-became extinct
Goats{greater browsing efficiency}-

—_—

Survived Tortoise excluded [ eliminated

2. Connell's Elegant field experiment- In rocky
sea coasts of Scotland, Balanus{the larger and
competitively superior barnacle) dominates and
excludes Chathamalus{the smaller barnacle)
from that zone.( called ‘competitive release’)

Evidences not in support:

1.Competition for the same resource bfw

totally unrelated species

Visiting flamingoes and resident fishes
compete for the zooplankton, their common

food, in the lake.

2. 'Resource partitioning mechanism’.

Competition can be avoided b/w two species
by different foraging patterns.

5 closely related species of warblers living on
the same tree are able to avoid competition
and eco-exist due to differences in their

foraging activities.

Cima May wilbibarg
faesd in tha uppar
famis: 5F ha e

Baybpasind
o warblams fEed
i ths migetiz.
ol e druw,

Yellek-tuminad
o, vikniens (eed

: Iri Ire IMT ] il

al I3 e
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Parasitism :

Parasites involve ane or two
intermediate hosts or vectors

The human liver fluke parasite
depends on two intermediate
hosts {2 snail and a fish)

The malarial parasite needs a
vectar (mosquito) ta spread to
other hosts.

Ecto parasites :

Parasites that feed on the external surface of the host organism.
The lice on humans and ticks on dogs, Copepods on marine fish. Cuscuta,a

parasitic plant.

Brnpa rasitism:

Parasitismin birds in which the parasitic bird
lays its eges in the nest of its host and lets the

host incubate them..

Brood parasitism in action is seen in the
moverments of the cuckoo [keel) and the crow
during the breeding season (spring to

SUMmiImer.

Endo parasites :

{live inside the host body)
Malarial parasite-
plasmodium in human
blood.

Commenszalism:

This is the interaction in which one species benefits and the other is

neither harmed nor benefited.

An orchid growing as an

Barnacles growing on the

The cattle epret and

seg anemone and the

epiphytz ona mango

back of a whale benefit

branch, benefit while the
mango tree does not get
any benefit.

while the whale does not
derive any apparent
benefit.

grazing cattie

The cattle,when move,
stir up and flush out
insects from the
vegetation those
egrets catch.

clown fish t

The fish gets
protection from
predators which stay
away from the stinging
tentacles of sea
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Amensalism:

In amensalism, one species is harmed whereas the ather is unaffected.

Moulds:
Penicilliumnotatum, a
mould, produces an
antibiotic, penicillin,

Bacteria:

streptomycesgriseus,
produce the antibiotic
streptomyecin, which

Plants :

Walnut tree produces 3 substance juglone that
inhibits the growth of seedlings including its own.
Such chemicals are called allomones and the

which checks the inhibit the growth of phenomenon is called allelopathy.
growth of avariety of | many bacteria. Sunflower, sorghum and barley check the growth of
bacteria. weeds near them
Ocimum sanctum (Tulsi) checks the growth of plants
near it.
Mutualism:

This interaction confers benefits on both the interacting species

Lichens

Mutualistic relationship between a fungus and
phetosynthesizing algae or cyanobacteria.

Plant-animal relationships:

Pollinators and seed dispersers.

| The mycorrhizae

Associations between fungi and the roots of
higher plants

| Fig-wasp relationship:

The wasp pollinates the fig inflorescence while
searching for suitable egg-laying sites.
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Crchids- bees relationship:

> Orchid Ophrysemploys “sexual deceit’ to get
pollination done by a species of bee.

» One petal of its flower bears resemblance to the
female bee in size, colour and markings.

The male bee is attracted and ‘pseudocopulates
with the flower,

‘I'

"I’

When this same bee ‘pseudocopulates’ with
another flower, it transfers pollen to it and thus,
pollinates the flower.

[Note: Co-evolution- If the female bee's colaur patterns
change even slightly for any reasen during
evolution, pollination success will be reduced unless

the orchid flower co-avalves to maintain the
resemblance of its petal to the female beea).

Q.5 Predation is usually referred to as a detrimental association, then how can you explain their positive role in an
ecosystem. Give any three ideas.

(.6 An ecologist studying an area with population A thriving on unfimited resources and showing exponential
growth, introduced population B and C to the same area. What will be the effect on the growth pattern of
population A, B and C when living together in the same habitat?

.7 How does the Mediterranean orchid Ophrys ensure its pollination by bees?

Q.8 An organic farmer relies on natural predation for controlling plant pests and diseases. Justify giving reasons why
this is considered to be a holistic approach.
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CHAPTER 12. ECOSYSTEM

Mote - For answers of intext guestions, scan the Qr code of the Question bank of the chapter
Ecosystems: Patterns, components; productivity and decompnsmnn, energy flow; pyramids

~of number, biomass, energy.

Enpwstem— It is the functional unit of nature where biotic component interacts among themse!ug and also

with the ahiotic component.

Forest, grassland and desert
Matural | Terrestrial
Ecosystemn ' Pond, l1ake, wetland, river and estuary
Aguatic
| Man-made | Crop fields and an aguarium

ECOSYSTEM—STRUCTURE AND FUNCTION:

Autotrophic Phytoplankton, some algae, floating,
components submerged and marginal plants
Biotit Heterotrophic Zooplankton, the free swimming and
components components bottom dwelling forms
The decomposers | Fungi, Bacterig and Flagellates
Abiotic Water with all the dissolved inorganic and organic
Structure T
components substances
The rich soil deposit at the bottom of the pond.
The salar input, the cycle of temperature, day-length and
other climatic conditions.
HEDAyStem Conversion of inorganic into organic material with the help
(A pond) L . .
1. Productivity of the radiant energy of the sun by the autstrophs and
consumption of the autatrophs by heterotrophs.
2.Decomposition | Decomposition and mineralization of the dead matter
< There is unidirectional movement of energy towards the
Runetion 3. Energy flow higher trophic levels and its dissipation and loss as heat to
the environment
4. Nutrient Release of minerals back to the system for reuse by the
cycling. autotrophs.
Ecosystem services:
The products of ecosystem processes are named as ecosystem services, for example, healthy
forest ecosystems purify air and water, mitigate droughis and floods. cycle nuinents, generate
fertile soils, provide wildlife habitat. maintain biodiversity, pollinate crops, provide storage site for
carbon and also provide aesthetic, cultural and spintual values.

Stratification :

Vertical distribution of different species occupying different levels is called stratification. For example, trees
occupy top vertical strata ar layer of a forest, shrubs the second and herbs and grasses occupy the battom

layers.
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Functions of Ecosystem:

The components of the ecosystem are seen to function as a unit when you consider the following aspects:

(i) Productivity;
{it) Decompaosition;
(ii) Energy flow; and

L

{iv) Nutrient cycling.
1. Productivity:
TYPES OF PRODUCTIVITY
vl Primary s i the amount of
Q- h__:mm i o s [ A PraMARY PROGUCTIVITY |
a UNT BPwa frvier & Neme peciog by planss
die Iy plystosynthess. & &
RATE OF BIOMASS PRODUCTION 1 GROSS PUMARY | 2 MET PRIMARY
- . EXPHESSED AS: . PRODUCTIVITY (GPP) PRODUGCTIVITY [NFF)
T [ u:;"m * Weight —= gm » it Ts Wha retw wf prachuct|nn + I is e avallakile isera
cadlect prodi * Eneigy — hesl m® J of argande matier dueing for the conFempton e
e Fhrtmryrthess trtmretiogli {herbeneen
(2]
EXPRESSED AS: A cimidoeatde amount et dacamposeTy),
= g ® yr! ol GPF b wilimed by
e phints in respbation. / ‘\k
L -
{*\ ] "ﬁ
PRODUCTIVITY ) | @ iy -®
FACTORS AFFECTING

PRIMARY. PRODUCTIVITY i

(Hat= of Blomass
Production)

A

GPP - R = NPP
Whers,
GPFF = Gross Primary Productivity
R = Respirstion Loisss
NP = Mat Primary Productivity

|

fn.s:cummmmrcmn'rl

IMPORTANT POIMTS

o Prcidactiviby ditfuss tn dilleeant atodytieme .10 S 24 el MG O Sryinia

= Phowsynthetic capacity of new organic mall=r by comumsL
of planity W NPP i the snergy sveilabie for consumern
\ _ [eerbivores and decompesers]. # — &’i“
— &
W Frosfucar form (T base of scospstem L
procuctivily, =

2. Decomposition: Breaking dawn complex organic matter into inorganic substances like carbon
dioxide, water and nutrients by and the decompaosers is called decompaosition.

Detritus: The raw material for decomposition such as dead plant remains-leaves, bark, flowers and dead
remains of animals, including fecal matter, is called detritus.

Decomposition is largely an oxygen-requiring process. The rate of decompasition is controlled chemical
composition of detritus and climatic factors. In a particular climatic condition, decomposition rate is slower if
detritus is rich in lignin and chitin, and quicker, if detritus is rich in nitrogen and water-soluble substances
like sugars.

Temperature and soil moisture are the most important climatic factors that regulate decomposition

through their effects on the activities of soil microbes. Warm and moist environment favour decomposition
whereas low temperature and anaerobiosis inhibit decompaosition resuiting in build up of organic materials,
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Steps of decomposition

35 DECOMPOSITION - STEP BY STEP PROCESS &

[: Breakdown of dead organic matter {detritus) into inorganic nutrients |

i o AT a2 %

-, Brealking down of detrizus into smaller
FRAGMENTATION k. Mot m | | garticles by the datritivores
i = '4-"" la.g., sarthweorm) s called fragmartation.
+ S 1 "
= x B o b 4 4 Lasching Is 4 process of gaing down of |
waler soluble Inorganks autriants nte
LEACHING the soil horizon and getting precipitatad
- "' - there as unavallable safts.
! Degradation of detritus by Sacteral and
B CATABOLISM fungal enzymes into simpler Inorganic
= ' S - substances i called as cataballsm.
- ‘ e 10 Y | Humification lesds to sccumuialion of humus
o dark colerod armorphous substanos that s
a HUMIFICATIOM Fighty resatant 1o mizratial action aed wdergoet
" decompositaon at an extremaly slow rate).
~ 3 Bedng cofloldal in nature T serees 25 @ reservoir
* T el mutrlents.
[ Mincratlzation i e further degradation of
B MINERALIZATION ‘ @ @ G I Iirmis by ssme microbes e relsace of

| inorganic nutrients info the ol

RESULT
Inorganc nutrients #E relsased into the sail
and can be reused by planiy.

When any organism dies it is converted to detritus or dead biomass that serves as an energy source for
decomposers.

The detritus food chain (DFC) begins with dead organic matier. It is made up of decompaosers which are
heterotrophic organisms, mainly fungi and bacteria. They meet their energy and nutrient requirements
by degrading dead organic matter or detritus. Decomposers secrete digestive enzymes that breakdown
dead and waste materials into simple, inorganic materials, which are subsequently abserbed by them.

3.Energy Flow:

Sun is the only source of energy for all ecosystems on Earth except for the deep sea hydro-thermal

ecosystem. Of the incident solar radiation less than 50 per cent of it is photasynthetically active
radiation (PAR)
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Energy flow through

wliich in turn eat the plants or Lheg 1 :
prodiee are called secandary states that energy Is

L}
]
L]
CONSWMmars o primeany cam voros: | ! neither creatad nor
1
L]

~ | Plants capture only 2-10% of the PAR and different trophic
— e fix Sun's radiant energy to make food levels in a food chain
\-T=a/ PAR from simple inorganic materials.
0 & Laws of
Y e l ------------ o ek AR Themodynamics
b ¢ not caplurod |
PRODUCERS 1 | (reflected, |
! trapsmitied or |
. (Autotrophs) L Tostar el ! ¢ Transfer of energy
The green plants are called e v * follows 10 per cent
producors. - -
({Merbaceows ard woody plarmts, | _ _ ___ _ _ _ - IE_W' A thE St
phistaplankion, algae and I food chain —only 10 %
bigher plants) ) | of the energy is
l.. : transferred to each
PRIMARY CONSUMERS ] i trophic level from the
(HERBIVORES) N - lower trophic level.
ml antmals depend on plants {dlrectly Sl 2 ; Enzrgy lost |
= at indirectly) for their food needs. Tihey i asheat | ® This [arge
=] are hence called consumers and slso W= = = : -
T heteratrophs. If they feed on the | expenditure of energy in
& 2::11 cr:r:ﬁﬂ;errhﬁ ‘i::::::: primry i the ecosystem is baszed
= - = ! on two basic laws of
B l i thermodynamics. In
= SECONDARY CONSUMERS . accordance with the
g , (PRIMARY CARNIVORES) | ___ o1 gnergy tost | first law of
E ThHes tirsimiale thot pal other animols S __-'.-I_F_ﬁ_ﬂ‘fi_ _" thE rmﬂdv"a mim fwhich
=
[=

,l destroyed, but can be
~
TERTIARY CONSUMERS i transformed from one
{5 ECONDARY EARquRESJ 13 | | - : Erieriy tost ) state to ancther),
The consumers that Teed on primary I _as_hea_t_ i} energy of sunlight can
ﬁ;‘::;’;;:‘;;”ﬂ’;“:g;‘;"r:“;‘“ are be transformed Into
secondary carnivares. i energy of food and heat.
® According to second
Energy flows in one direction inan ecosystem and |s lost at esch rephic levsl »
@ {mzinly az heat), This unidirectional flow of snorgy maintains the-ecosystam law ﬂfﬁ'lEl’l'l’lﬂd'\mﬂﬂ'IIES,

no transfer of energy
cccurs unless and unti| it
is accompanied by degradation or dissipation of energy from concentrated to dispersed form. The transfer
of energy from one organism to another Is accompanied by degradation and loss of major part of food
energy as heat. Energy of food is concentrated form while it is highly dispersed form is heat.

-1 What would happen to the successive trophic levels in the pyramid of energy, if the rate of repreduction of
phytoplankiton was slowed down? Suggest two factors which could cause such a reduction in phytoplankton
reproduction.

Q.2 During an ecological study, students cbserved that green plants capturs solar energy, herbivores feed
on plants, and carniveores feed on herbivores. They also noticed that only a small amount of energy is
available at higher trophic levels, while a significant amount is lost as heat during energy transfer.Based
on the above observation, answer the following:

a. Explain how energy flows through an scosystem.

b. How dees the First Law of Thermodynamics apply to energy flow in an ecosystem?

¢. How does the Second Law of Thermodynamics explain the loss of energy at each trophic level?
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Food Chain

It is a sequence of living organisms which
involves transfer of food energy from
producers, through a series of organisms
with repeated eating and being eaten is

called food chain. Each level or stepina
food chain where transfer of energy
takes place iz called trophic level.
Types of Food Chain:

1. Grazing Food Chain (GFC) or
Predator food chain

2. Detritus Food Chain (DFC) or
Saprophytic food chain

rf;‘ 3 87T g

3. Parasitic Food Chain (PFC) or Auxiliary food chain
(i) Grazing Food Chain (GFC):
Consists of producers, consumers and decompaosers. Source of energy for such food chain is sun.
(a) Primary Producers (PP):
They are autotrophic organisms which fix up the solar energy and manufacture their own food from
inorganic raw material. 5o, they form the base of food chain constituting first trophic level (Ty).
{b) Primary Consumers (PC) or Herbivores:
These are animals which feed on green plants or plant products, so they constitute second trophic level (Ty).
[c) Secondary Consumers (SC) or Primary Carnivores:
These are animals which feed on herbivores and form third trophic level (T3).
(d) Tertiary Consumers (TC) or Secondary Carnivores:
These are animals which feed on secondary consumers and constitute the fourth trophic level (Te) and so on.

(0.What are the major differences between the grazing food chain (GFC} and the detritus food chain (DFC)?

Basis Graring Food Chain [GFC) Detritus Food Chain {DFC)
. . Begins with green plants Begins with dead and decaying organic
Startng pont {producers) matter {detritus)
First trophiclavel Froducers (piants) Decomposers/ detritivores (bacteria, fungi,
earthworms)
Solar energy captured by =
Energy source photosyrithesis Energy from dead organic matter
Flow of energy Suiy -3 plants =) herbivores - Detritus = decomposers = predators

carmivores

Dependency on living Directly depends on living

plants green plants Does not depend directly on living plants

Example Grass = deer =3 tiger Dead leaves - earthworm =3 bird
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(i) Detritus Food Chain (DFC) : Begins with detritus ar dead organic matter, It is made up of decompaosers
which are heterotrophic organisms mainly fungi and bacteria, Detrivores act over it. Therefore food energy
present in detritus passed into them. Detrivores and decomposers are consumed by smaller carnivores
which in turn became food for larger carnivares and so on.

A common detritus food chain with earthworm as detrivore is given below.

Detritus — Earthworm — Sparrow — Falcon.

(iii) Parasitic food chain/Auxillary food chain : Size of the organisms finally reduces at higher traphic level
|parasite).

e.g,, Tree = herbivore birds = lices and bugs.

NOTE-.

® Interrestrial ecosystems, a much larger fraction of energy flows through DFC than
through GFC.

® In an aquatic ecosystem, GFC is the major conduit for energy flow.

Food Web :

DFC may be connected with GFC chains at some levels. Some of the organisms of DFC are prey to the GFC
animals.

In ecosystem, linear food chains as shown shove seldam exists, because every organism has alternate source
of food. An animal may have preference for a particular prey, but if the latter has a small population, it may
feed upon some other prey.

Single animal may be eaten by different animals and thus, different food chains get interconnected and one
animal may be a link in more than one food chain. The network of interconnected food chains at different
trophic levels in a biotic community is termed food web.

Occurrence of food webs provides stability to ecosystern. Food webs operate because of taste preference
for particular food and unavailability of food. One animal may feed upon organism of even different trophic
level like, snakes may feed upon mice (herbivore) and frogs (carnivore], jackals are both carnivores and
scavengers. Sparrow is a primary consumer when it eats seeds, fruits etc. and a secondary consumer when it
gats insects and worms.

Standing crop Each trophic level has a certain mass of living matenal at a particular time
called as the standing crop. The standing crop 1s measured as the mass of living erganisms
{biomass) or the number in a unit area. The biomass of a species is expressad in terms of fresh
or dry weight.

Q.3 Explain the structure and function of an ecosystem using a forest as an example.

(0.4 Describe the steps involved in decomposition and discuss the factors affecting the rate of decomposition.

Ecological pyramids:

Ecological pyramids are the shapes that represent the food or energy relationship between arganismsat
different trophic levels. This, relationship is expressaed in terms of number, biomass or energy.

The base of each pyramid represents the praoducers or the first traphic level while the apex represents
tertiary or tap level consumer.
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The three types of ecological pyramids that are usually studied are —
{a) Pyramid of number

[b) Pyramid of biomass

{g) Pyramid of energy.

Pyramid of energy can never be inverted, becsuse when energy flows from a particular trophic level to the
riext trophic level, some energy is always lost as heat at each step. Each bar in the energy pyramid indicates
the amount of energy present at each trophic level in a given time or annually per unit area.

Limitationsof ecological pyramids:

1. It does not take into account the same species belonging to two or more trophic levels.
2, It assumes a simple food chain, something that almost never exists in nature

3. It does not accommaodate a food web.

4. Saprophytes are not given any place even though they play a vital role in the ecosystem.

Pyramid of Number | Pyramid of Biomass Pyramid of Energy
Generally upright | Generally upright Always upright
Producers are more in energy
Producers are morein Producers are more in biomass | than the herbivares, and herbivores
number than the herbivores, and are more in energy than the
than the herbivores, and herbivaras are more in biomass | carnivores.
herbivores are more in than the carnivores. F
number than the carnivores. Trwphio lews] By wighBgs -
Tombie el S ms
i It 15
5 M0y
1T Rlertinry cosmnes i T |
= n i AN
I :
™ ar i
- | pro b T T
1% Eonar essn= | | Eam ! Julg
PRetet | A | ss2am
Exception : A big tree on Exception :The pyramid of No exception: Energy ata lower
which a2 number of insects biomass in sea is generally trophic level is always more than at

feed, small birds feeding on inverted because the biomass a higher level.
insects as also the number of | of fishes far exceeds that of
larger birds eating the phytoplankton.

smaller.
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Chapter 13: BIODIVERSITY AND ITS CONSERVATION
MNote - For answers of intext questions, scan the QR code of the Question bank of the chapter

Syllabus (2026-27): (Marks4- 8)Biodiversity-Concept, patterns, importance; loss of biodiversity; biodiversity |
conservation; hotspots, endangered organisms, extinction, Red Data Book, Sacred Groves, biosphere
reserves, national parks, wildlife, sanctuaries and Ramsar sites. J

Main Points:
Biodiversity (Biological Diversity) refers to the totality of genes, species, and ecosystems of a region. The
term was popularized by sociobiologist Edward Wilson to describe the combined diversity at all levels of

biological arganization.

Types or level of biodiversity:

Genetic Diversity: Diversity within a single species is ealled genatic diversity. Example: 50000 of rice and
1,000 of mango strains/varieties in India. The genetic variation shown by the medicinal plant Rauwolfia
vomitoria growing in different Himalayan ranges might be in terms of the potency and concentration of the
active chemical (reserpine) that the plant produces.

Species Diversity: The variety of species within a region. Example: There are more species of Amphibians in
Woestern Ghat than in Eastern Ghat.

Ecological Diversity: The variety of ecosystems in a given area. Example: India, with its deserts, rainforests,
mangroves, coral reefs, wetlands, estuaries, and alpine meadows, has a greater ecosystam diversity than a
Scandinavian country like Norway.



T R (invertebrates )

are on earth?

Other an!;ml aroups
As per Robert May

Total Global species
diversity is 7 millian.
Out of these slightly
maore than 1.5
million species are

described till date as

Birds

Amphibians

per IUCN
(International Union
ANgZoapanme
for Nature & Natural
Resaurces) 2004,
Algon Lichens
INVERTEBRATES VERTEBRATES [ PLANTS & FUNGI
s Insects: ~“70% (The most = Fishes: ~50% (Nearly half - = Fungi: ~42%
species-rich taxonomic of all vertebrate species) « Angiosperms (Flowering
group) s Reptiles: ~15% Plants): ~42%
» Other Animal Groups: e Birds: ~14% «  Algae: ~8%
S s Amphibians: ~12% s Ferns and Allies: ~4%
L ST s Mammals: “9% s Mosses: ~2%
s Crustaceans: ~7.5% o Lichons: ~7%

Patterns of Biodiversity:

Latitudinal Gradient: Species diversity generally
decreases as we move away from the equator
towards the poles.

Reason: Tropical environments are less seasonal
and more predictable, and there is more solar
energy available which contributes to higher
productivity allowing maore time for spaciation.
Example:

Near eguator Colombia 1400 species of
birds=New York 41= N 105 species of birds>Green
Land 71= 56 species of birds.

Species Area Relationship: As per Alexander Van
Humbeoldt Within a region the speties richness
increases with increasing explored area up to a
limit. There after it does not increase.

When it is shown in graph rectangular byperbola
is obtained.

Graph showing relationship between species richness & area—
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The equation showing species area relationship is- fi =CAs

B

log S=leg C+Z log A

Where-

S=Species Richness, A=Area, Z=Slope of the line
(regression coefficient)

C=Y intercept

Generally, value of Z 15 0.1to 0.2 but for very large
area say continent Z is 0.6 to 1.2 irrespective of
_taxanomic group of the area. e

B =ing T = 2op A

Speces timesy —»

Value (slope of the species-area relationship) for frugivorous birds and mammals in tropical forests across
different continents is characteristically high, typically measured at 1.15, This steep slope indicates a rapid
increase in species richness with increased area, reflecting high diversity and niche specialization within
tropical frugivore communities

(.1 Colombia [near equator), New York (41° N}, and Greenland (71" N) have different bird species richness. Choose
the correct sequence of bird species for these locations respectively:
importance of Species Diversity to the Ecosystem:

# David Tilman found that plots with more species showed less year-to-year variation in total bio mass.
This gives stability to community.

# Rivet Popper Hypothesis by Paul Ehrlich:

¢ Paul Ehrlich Hypathesized that if we consider Airplane as Ecosystem & thousands of Rivets as Species
joining the parts of plane.

e |f rivets are taken away by every passenger (species extinct] then in starting it will not affect the flight
safety (proper functioning of Ecosystem) but if it is more & more than plane becomes weak & flight
safety becomes very dangerous & plane may crash.

® Also, if very critical rivet is removed (Key Species is lost) viz. rivet of wings then more serious threat
to flight safety will occur & plane will collapse {Ecosystem may collapse).

Causes of Biediversity Loss [Evil Quartet):

Cause Description & Example

1. Habitat Loss & The maost important cause. Example: Amazon rainforests are being cleared for soya
Fragmentation bean cultivation and cattie ranching.

Humans over-harvesting resources. Example: Extinction of Stelier’s sea cow and

2. Over-exploitation _ :
passenger pigeons in the last 500 years.
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Cause Description & Example

3. Alien Species Nen-native species outcompeting local ones. Example: Nile Perch introduced into
Invasion Lake Victoria (East Africa) led to the extinction of 200+ species of Cichlid fish.

When a species becomes extinct, the plant and animal species associated with it in

4. Co-extinction ) ) ) ) i
an obligatory way also become extinct. Example: Host fish and its unigue parasites.

Biodiversity Conservation:

It has taken millions of years of evolution, to accumulate this rich diversity in nature, but we could lose all
that wealth in less than two centuries if the present rates of species losses continue. Biodiversity and its
conservation are now vital environmental issues of international concern as more and more people around
the world begin to realise the critical importance of biodiversity for our survival and well- being on this

planet.
Narrowly utilitarian View— Broadly utilitarian View- Ethical Reason:
Bindiversity conservation due to | Biodiversity conservation due to We need to realize that every
direct economic benefits fram indirect benefits through species in the word has
nature like food, fiber, ecosystem services. importance in nature. 5o, ifitis
medicine, fire wood, industrial | Example-Production of Oxygen by | not of any economic
products etc. plants viz. Amazon rain forest importance even that it is our

contributes 20% of total Oxygen in | moral duty to conserve them
atmosphere. Pollination dane by so that they can be passed to
pollinators & aesthetic pleasures future generations in good
obtained from watching flowers, order.

natural scenery etc.

.Match the animals given in column | with their location in column 1L

Column-| Column-l

A. Dodo (i) Africa

B. Quagga {ii) Russia

C. Thylacine [iii) Mauritius

D. Stellar's sea cow (iv) Australia

How Do We Conserve Biodiversity?

In situ conservation Ex situ Conservation

When we conserve and protect the whole When threatened animals and plants are taken out
ecosystem, its biodiversity at all levels is protected | from their natural habitat and placed in special
This appraach is called in situ (on site) setting where they can be protected and given
conservation. special care. Then it is called Ex-situ [off site)
Example: we save the entire forest to save the Conservation.
tiger. Example: Zoological Parks, Botanical Gardens, Wild
(14 biospheric reserve, S0 national parks, 448 wild | life safari parks, advance method-tissue culture
life sanctuaries, Hat spats, Sacred graoves.) cryopreservation of gametes etc.

o Biodiversity Hot Spots: Biodiversity hotspots are the regions with very high levels of species richness
and hieh desree of endemism.

e Total 34 biodiversity hot spots are in warld.
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o 03 of these hotspots in India— Western Ghats and Sri Lanka, Indo-Burma and Himalaya. Although all
the biodiversity hotspots put together cover less than2 % of the earth’s land area, the number of
species they collectively bear is very high.

® Sacred grooves: Patches of pristine or near-natural forests protected by local communities due to
deep religious, spiritual, and cultural beliefs are called sacred groves.
Example: Khasi and Jaintia Hills in Meghalaya, Aravalli Hills of Rajasthan, Western Ghat regions of Karnataka
and Maharashtra and the Sarguja, Chanda and Bastar areas of Madhya Pradesh.
(4.3 A species that is confined to a particular region and not found anywhere else is termed as:
Q.4 The IUCN Red Data Book (2004) primarily maintains a record of:
(1.5 Assertion: Biodiversity is declining at an accelerated rate worldwide.
Reason: Introduction of exctic specdies often causes the extinction of endemic species.

Earth summit:

= The Earth Summit” held in Rio de laneiro in 1982,
= Aim was to take appropriate measures for conservation of biodiversity and sustainable utilization of
its benefits.
= Later on, the World Summit on Sustainable Development held in 2002 in Johannesburg, South Africa,
190 countries pledged their commitment to achieve goal by 2010,
Most recently Earth Summit was held in Stockholm in SWEDEN IN JUNE 2022,
Ramsar Site:

& A Ramsar site is a wetland site designated to be of international importance under the Ramsar
Convention

® [tisalso known as "The Convention on Wetlands”, an international environmental treaty signed on 2
February 1971 in Ramsar, Iran, under the auspices of UNESCO.

® Ramsarsitesare home af many plant & animal species. So that these are conserved.
@.6 Mention the two main criteria usad to identify a region as a "Biodiversity Hotspot."
Q.7 Justify with an example how the invasion of an exotic species can lead to the extinction of indigenous species.
(1.8 Explain the "Rivet Popper Hypothesis." Who proposed it, and what do the "rivets” and the "airplane”
represent?
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CBSE CLASS 12 BIOLOGY - SET 1 (57/1/1)-2026
Question Paper & Answer Scheme

General Instructions:
Read the following instructions carefully and follow them:

Question paper is divided into FIVE sections —Section A, B, C, Dand E.

Section A —questions number 1 to 16 are multiple choice type questions. Each queastion carries 1 mark.
Section B —questlons number 17 to 21 are very short answer type questions. Each question carries 2 marks.
Section C—quastions number 22 to 28 are short answer type questions. Each question carries 3 marks.

B b b

Section D — questions number 29 and 30 are case-based questions. Each guestion carries 4 marks. Each
guestion has subparts with internal cholce in one of the subparts.
Section E—questions number 31 to 22 are long answer type questions. Each quastion carries 5 marks.

N o

There is no overall choice. However, internal choices have been provided in some questions. A candidate has
to write answer for only one of the alternatives in such questions.

8. Kindly note that there is 3 separate guestion paper for Visually Impaired candidates.

8, Wherever necessary, neat and properly labelled diagrams should be drawn.

' Q.N. | QUESTION Marks | Total
Marks

| | SECTION — A

i1 | Identify the plant in which emasculation is not required for artificial hybridization. 1 1

3. Rice b. Wheat c. Pea d. Papaya
| Answer: d. Papavya.

2 Which of the following Is not a companent of the immune system? 1 1
3. Lymphecytes b. Plasma Proteins c. Red Blood Cells d. Bone Marrow
| Amswerc. Rad Blood Celks: _
3 3, Select ﬂ!&mﬁ:ﬁtidn that shows correct statements: 1 1

(I} Corpus luteum secretes progesterone,

(i) Only FSH attains a peak level in the middle of the cycle.

(iii} LH surge induces rupture of Graafian follicle.

{iv) Luteal phase of the menstrual cycle is also called the proliferative phase.
Answer: b. {i) and {iii) are correct.

4 | 4. Select the mismatched pair: 1 1
a. Maga diversity countries in the world - 12
b. Genetically different strains of rice in India - Less than 1000
t. Robert May's estimation on global species diversity - 7 million
d. Zoological parks - Ex-situ conservation
| Answer: b. Genetically different strains of rice in India -

5 5. Pomato was produced by fusing protoplasts of: ! 1
a, Tomato and Potato b. Pomegranate and Tomato
€. Pomegranate and Potato d. Pomegranate, Potato and Tomato
| Answer: a. Tomato and Potato.

3 6. Ir an ecosystem, different species occupy different levels and vertical distribution of species | 1 1
is found. This is called:

a. Stratification b. Layering c. Fragmentation d. Population
Angwrer: . Strafification.
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7 7. Which of the foliowing sacred groves Is found in Meghalaya?
a. Jaintia hills b, Chanda c. Bastar d. 5arguja
| Answer: a. laintia hills.
e 8. In the following figure, two ways of pairing of two homaologous pairs of chromosomes are
shown. Which phenomenaon is expressed? _
Vommilaifiny 1 Tromswilai Hiny 22
e gl e ksleli
uh’ .'.L“."'?.'G‘.‘*:,’”“""'
T EEcTEE eariald B e
T el e e [T Illi il soaw U LA R R ETET N S e T T L AT |
3. Linkage of genes b. Independent assortment of genes c. Multiple alleles
d. Incomplete dominance '
Answer: b. Independent assortment of genes.
9 | Match Column-| with Column-Ik;
3. Biolistic gun - [v) Plant call
b. Chitinase - (iv) Fungal cell
c. Ti - {ii) Tumour inducing
d. Ca++- (i) Bacterial c=ll
| Answer: ¢. a-v, b-iv, c-ii, d-i. Explanation:
10 | The Idea of use and disuse of organs for evolution of arganism was proposed by:

3. Charles Darwin b. Thomas Malthus c. Hugo De Vries d. Lamarck

| Answer: d. Lamarck

1

| Which of the followi ng stataments about plasmids is incorrect?

a. Plasmids have the ability to replicate within the bacterial cell.

b. Their replication is controlled by chromosomal DMA.

c. They are autonomoushy replicating circular extra-chromosomal DNA.
d. Thm,r often carr*,r antihfutiE resistant genes.

| Which cunnectwe tissue connects the ovary to the petvrc wall aﬂd uterus?

a. Tendons b. Ligaments c. Cartilage d. Bone

| Answer: b. Ligaments.

Question No. 13 to 16 consist of two statements — Assertion (A) and Reason [R).
Answer these questions selecting the appropriate option given below:

a. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation
of Assertion (A)

b. Bath Assertion a. and Reasan (R} are true but Reason (R] is not the carrect
explanation of Assertion (A)

c. Assertion [A) is true but Reason (R) is false.

| d. Assertion (A) is false but Reason (R) is true.

13

| Assertion (A) : The population of melanized moths increased in industrial areas after the

Industrial Revolutian,

Reason (R): In industrial environments, lichen-covered trees were replaced by soot-covered
tress, offering better camouflage to dark-colored moths.

Answer: a. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation,
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14 Assertion {A): The milk produced by the transgenic cow 'Rosie’ was a nutritionally mare %
balanced product for human babies than natural cow milke
Reason (R): It was human protein-enriched milk containing human alpha-lactalbumin.
Answer: a. Both Assertion (A) and Reason [R) are true and Reason (R) is the correct
explanation,
15 | Assertion [A}: Flocs are masses of bacteria associated with fungal filaments in the secondary | &
treatment of sewage.
Reason (R): Flocs help in the digestion of sofid waste by anaerobic respiration.
Answer: ¢, Assertion [A) is true, but Reason (R) is false.
16 | Assertion (.ﬁ:]': In terrestrial ecosystems, a much larger fraction of enargy flows ﬂm:-ugh_the 1
grazing food chain.
Reason {R): The grazing food chain may be connected to the Detritus food chain at some levels.
Answer: d. Assertion (A) is false, but Reason [R) is true.
. ' SECTION—B
17 a. Define Humaoral immune responss,
b. Name any two types of antibodies found to give humoral immune response in humans:
Answer: a.An immune response where the B-lymphocytes produce an army of
proteins in response to pathogens into our blood to fight with them. 1
b. Antibodies — IgA, IgE, IgM, 1gG [Any two)
Mt
18 | (&} (i) How does a farmer use dormancy of sead to his advantage? '
(ii) Differentiate between pea seed and castor seed, 1
Answer:(i) Dormancy is crucial for storage (dehydration) of seeds to be used toraise | 1
the crops in next season / Seeds are used as source of food / far commercial purpose
(i)
1
Pea seed
Casto
rseed
Endospermi
MNaon endospermic seed ¢ sead
Nan-albuminous seed
Alburninou
s seed 1
Y+ Ta
No endosperm is left in the It contains sorme amount of
seed as it is fully consumed endosperm as it is not
consumed completely
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during embryo during embryo
development. development.

(Any one difference)
OR
(B) Identify the stage of follicle where primary oocyte undergoes first meiotic division. Also
mention the products of this division.

Answer: » Tertiary follide in the ovary
® Secondary cocyte and 1= polar body.

19

| 20

Study the sequence of bases in a DMNA molecule that is shown below and
answer the questions.
5'—GAATTC—3'
3 - CTTAAG -5
a. What are such sequences called? NMame the enzyme used that recognizes such nucieotida
SEQUBNCes.
b. How do these enzymes’ function?
Answer: a. » Palindromic sequences
» Restriction endonuclease / EcofRl.

b.Restriction endonucleases cut the strands of DNA a little away from
the centre of the palindrome sites to form sticky end on 2ach strand / Restriction
endonucleasds cut at specific recognition site between two same bases in opposite strands to
produce sticky ends / EcoRl cuts the DNA between bases G and A in both the strand in the
sequence
S-GAATTLR
3-LTTAAG-S

3. Analyse the following two cases of sex determination in different organisms:

Case | 1 Males have (X0] sex chromosomes and females have two copies of same sax
chramosome [XX).

Case |l : Females have two different sex chromosemes (ZW) and males have two copies of
same sex chromosome (ZZ],

Identify the type of heterogamety in each case, giving one example of 2ach.

OR

b. (i} Differentiate between a DNA and RNA nuclectide.

(ii) Name the two types of bonds present within a single nucleotide

Answer: a.Case 1 -Male heterogamety

Organism — Many insects / grasshopper [/ any correct example.

Case |l-Female heterogamety

Organism — Birds / hen [ any correct example.

OR
Answer: b. (i)
DNA nuclectide RNA nucleotide _: DMA nucleotide RNA nucleotide
‘Has deoxyribose sugar Has Ribose | Has deoxyribose sugar Has Ribose
SUgar SUgar
_Types of nitrogen basas are _ Types of nitrogen bases are ]

(Any one difference)
(ii) Bonds in a nucleotide N — Glycosidic linkage (between Sugar and Base)
Phosphoester linkage — [Between Sugar and Phosphate)

i

e ]

Y+ 3g
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21 | a. Given below is a pyramid found in an ecosystem, where each bar represents the standing 2
crop available in the trophic level.
PC
PP
(i} Identify the kind of pyramid and with the help of an example explain the conditions where
this kind of pyramid is pessible in nature.
(if) Write any two limitations of ecological pyramids.
GR
b. In an ecasystem there was loss of biodiversity due to some project in that area.
(i} How will biodiversity be affected? (2 poinis)
(i} List two major causes of loss of biodiversity.
Answer: a. (1) » Inverted Pyramid of Biomass
= Such pyramids are seen in Aquatic Conditions where a small standing crop of phytoplankton’s
supports a large standing crop of zooplankton or fish /In terrestrial ecosystem —when a large A
number of insects are feeding on a single tree / or any other correct example
(i} -Ecological pyramids does not take into account the same species
belonging to two or more trophic levels.
-1t does not accommodate a food web.
-Saprophytes are not given any place In ecclogical pyramids even
though they play a vital rale in the ecosystem. it
(Any two)
OR
Answar: b, (i} -Decline in plant production.
-Lowered resistance to environmental perturbations as drought.
-Increased variability in certain ecosystem processes such as water use and pest and disease
cycles
- &ny other correct point
{Any two points) s
{ii) -Habitat loss and fragmentation.
-Allen species invasion.
-Owver exploitation
~Co-axtinction =t
[Any two)
SECTION-B
22 | a. Do 3ll pollen grains remain viable for the same length of time? Support your answer with 3
two suitable exampies,
b. How are palien grains stored in pallen banks?
Answer: a. » No W
# -In cereals or rice or wheat pollen grains loose viabifity within 30
minutes of their release, 1
-In some members of Rosaceae or Leguminasae or Solanaceae —they maintain viability for 1
manths,
- or any other correct example
b. They are stored using Cryo-preservation technigues / In liquid nitrogen
| Jat—1%oc R 1% |
23 | a.What is pedigree analysis? Mention its impertance in human genetics. (2 pts.) 3

b, Analyze the following pedigree and writa the
(I} Pattern of inheritance.
(i} Give one example of disease showing such an inheritance pattern:
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Answer: 3. » Pedigres analysis —it is analysis of traits or inheritance of traitsin
several generations of 3 family.

and GM corn crops in field B. He obsarved that corn borers attacked only in field & To control
it, spores of Bt were sprayaed on field A

a. Name the gene in the spores responsible for control of pest.

b. What effect will the spores of Bt have on insect pest?

= Importance: To trace the inheritance of a trait, abnormality ora 2
disease,
b. (i} Autosomal-Recessive #E
(if} Sickle Cell Anaemia [ Thalassemia / Phenylketonuria fAny other Vg 1
| correct example.

24 | a. How is Hardy-Welnberg expression (p2 + 2pg + g2) = 1 derived?
b. List any two factors that disturb the genetic equilibrium.
Answer: 3. According to Hardy Weinberg principle —
Sum total of all the Allelic frequencies in a population = 1.
Let there be two alleles A and a in the population. Let their frequencies be 'p’ and 'g’
respectively. p+g=1 ¥
The frequency of AA will be p2 because - the probability that an allele A
with frequency 'p’ would appear an both the chromaosomes of a diploid individual will be W
product of probabilities i.e. p2. %
Similarly, frequency of "2’ will be g2, and Az is 2pg
Hencep'+2pg+g =1 3

b. Gene migration or Gene flow, Genetic drift, Mutation, Genetic Recombination, Natural | &+
selection
. | (Any two factors)

25 Draw a neat diagram of megasporangium of an angiosperm and label any Hxt

six parts,
e

1 o (Label any six parts)

26 | -a. Mantion the scientific name of the source plant and tha part from which oploids are .4
extracted. ¥
b. How are morphine and heroin related? Mention the effect each one of them has on human 1
body. 1%
Answar: a. Source plant - Papaver somniferum %
Part - latex of the plant
b.* Heroin is formed by acetylation of morphine.
* Morphine It is effective sedative/ used as pain killer/ useful in
patient who has undergone surgery

| Heroin is a depreszant / slows down body function
27 A farmer grew two varieties of corn crog In field A and B. He grew normal corn crops in field &
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t. How has corn plants of field B developed resistance against this pest? Explain,
Answer: a. Cry | Ab

b.The spores of Bt were mixed with water and sprayed in field & where thesa
are eaten by the insect larvae, in the gut of the insect toxins are released, and
insect get killed.

c. The genetically modified plants (GM) express Bt gene /produce Bt toxin

| which when ingested will kill the pest.

28

| Ohserve the given picture carefully. A mixture of DNA with fragments ranging from 100 base

pairs to 1800 base pairs were separated by electrophoresis on agarose gel with the following
arrangement:
Wolle

»
@ |9

=
2. What result will be obtained In staining with ethidium bromide? Expiain with reasons.
b. The above setup was modified as shown below and a band with 100 base pairs was obtained
at X.

$ Wells
euuuﬂh
N

®

What changes were made to the previous design to get 3 band at "W'. Why did the band appear
at 'xX'?

Answer: a. * No bands will be seen in agarose gel.

* DNA fragments belnag negatively charged will not move towards negative end or cathode /
DNA being negatively charged will remain positioned at anode or positive end.

b. » Position of positive terminal or anode and negative terminal or cathode has been
interchanged.

| » Band at X being the smallest fragment of DNA move farthest towards the anode.

SECTION-D
Question Nos. 29 and 30 are case-based gquestions, Each question has subsections with internal

| choice in one sub-section.

29

| The diagram below shows the distribution of two barnacie species, Chthamalus and Balanus an .

a rocky sea shore. When Balanus is experimentally removed, Chthamalus expands its range In
lower Intertidal zone.

a. Identify and define the ecological phenomenon demonstrated by this

observation.
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mention the site where fertilization takes place.

OR
b. (i) Case studies of some coupies are given below. They were not able to have kids even
though the parents were not taking any precautions. They.also do not wish to adopt a child or
take the help of donors. 5tudy these cases and suggest an appropriate Assisted Reproductive

| Technology that could help tham.

a. State the principle that explains the elimination of one species, ¥
b. Two different species can compete for the same resource. Give another example of it.
. How do species avoid competition in nature 7 Explain with an example.
Answer: a. -Competitive release.
-A species whose distribution is rdstricted to small geographical area due to the presence of Ladld
competitively superior species expands its distributional range when competing superior
species is remioved. 1
OR
3. Gause’s competitive excluslon principle, states that two closely related species cannot co-
exist indefinitely and the competitively inferior one will be eliminated eventually.
b. In shallow south American lakes visiting flamingos and resident fishes compete for commaon d
food Zooplankton / any other correct example 1
c.* By "Resource partitioning”
* They choose different times for feeding or different foraging patterns e.g. Five closely related
species of warblers avoid competition and coexist due to behavieral differences in their
| foraging activities / any other correct example,
30 A student performed some crosses in plants and represented the result in the form of bar
graphs as shown below. Each graph displays the phenctypic proportion of the progeny. Study
the graphs and answer the questions: b
[y Wi i %
.E l
S 1
™ 1
i i },i
i) ¥
| ) n i}
a. What can you infer about the genotype of parents in crosses Land II?
OR
3. Which genetic cross is represanted by these crosses?
b. Looking at bar graph of cross I, identify the type of cross performed and its importance in
genetics.
. What condusian can you draw fram the results of bar graphs of crosses | and II? Name the
genetic principleillustrated.
Answer: 3. Cross | —Genotypes TTand tt / TTand Tt/ TTand TT
Cross || — Genotypes Ttand T
OR
a.Monohybrid Cross
b.= Tast Cross.
» |t is donhe to find the genotype of an organism showing dominant
phenotype.
c.* It shows that tall trait is dominant over dwarf.
| » Geneatic principle — Law of Deminance,
....... EEESSSSl———— =% ] 4, o
31 3. Trace the events from fertilization till implantation of blastocyst in human female. Also




32

Case | — Female — Narmal Reparts
Wale — Mormal sperms but ne connection between epididymis and vas deferens.
Case || —Female — Normal eggs but Fallopian tube blocked.
Male — Normal sperms, Male reports are normal.
Case lll — Female — Normal Reports.,
Male — Low sperm count with less motility,
(i) Copper releasing intrauterine devices are very effective and popular contraceptive devices.
MName any two-copper releéasing IUDs, Write two reasons that make them =ffactive
contraceptives,
Answer: 2. After the entry of sperm into female gamete, it undergoes melotic division |I, to
produce haploid owum i.e. ootid, then the nucleus of sperm and ootid fuse together to form
zygote, rygote moves through the isthmus of oviduct towards uterus and it undergoes mitotic
division or cleavage to form blastomeres, the embryo with 8 to 16 blastomere is called morula
and jt further divides and transforms jnto Blastooyst, blastocyst have outer |layer trophoblast
and inner cell mass and the trophobiast layer of blastocyst gets attached to endometrium,
Literine wall divides rapidly and covers blastocyst and this it gats embedded in the
endometriurn of uterus this is called implantation.
* The site of fertilization is ampullary region of fallopian tube /isthmus ampullary junction of
fallopian tube.

OR
b. (i) Casa |
In vitra fertilization followed by zygote intra fallopian transfer or ZIFT / In vitro fertilization
followed by Intra uterine transfer ar IUT / Intra Uterine insemination or (U / Artificial
insemination ar AL
Caze |l -
Imvitro fertilization followed by IUT
Case Il -
Intra Cytoplasmic Sperm Injection or ICSI f Artificial insemination or Al / Intra Uterine
insemination or UL
(ii}» The copper releasing IUDs are CUT, Cu7, Multiload 375

(Any twao)

#-Copper releasing IUD's increases phagocytosis of sperms within the uterus,

 -Cuions refeased suppress sperm motility and the fertilizing capacity of sperms.

Yitla

3._.“}! Watson and Crick’s discovery of doubie hefical structure was based on which two findings.
Also mention the name of the scientists associated with these findings.
(i) Write down the salient features of double helix structure of DNA [any three points).
OR
b. Given below is a stretch of DNA showing the coding strand of structural gene of transcription
unit.
S -ATG ACCGTATITTCT GTAGTG CCCGTACTT CAG GCATTAS'
{1} Write the corresponding template strand and m-RNA strand that will be transcribed along
with its polarity.
(i) If GUA of transcribed mRNA is an intron, then depict the sequence invalved in formation of
mAMA / mature / processed
hn RMNA strand:
(1) In a bacterium
(2} In humans
(iii] How many amino acids the resulting polypeptide will have after the process of translation
in humans?
Answer: a. ([}-Maurice Wilkins and Rosalind franklin, — X- ray diffraction studies of
DMNA;

s
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-Erwin Chargaif, — For a double stranded DNA the ratios between Adenine and Thymine and
Guanine and Cytosine are constant and equal to ane,
(il) The salient features of double helix structure of DNA are as follows:
-it is made of two polynuclectide chains, in which backbone is constitutad by sugar phosphate
and the bases project inside.
-The two chains have antiparallel polarity.
-The bases in two siands are paired through hydrogsn bonds forming base pairs{bp). Adenine
form double hydrogen bond with thymine and Guanine form triple hydrogen bond with
cytosine. -The two chains are coiled in a right-handed fashion. The pitch of helix is 2.4 nm and
106, p In each twrn. Distance between base
pair in a helix is approximately 0.34 nm.
“The plane of one base pair stack over the other in' double halix.
(Ary three points)

OR
b.(i) Template strand
3'—TAC TGGE CAT AAA AGA CAT CAC GGG CAT GAA GTC CET AAT -5
m — RMNA
5'— AUG ACC GUA UUU UCU GUA GUG CCCGUA CUU CAG GEA UUA -3
(i) (1) In & bacterium
5'— AUG ACC GUA UUU UCU GUA GUG CCC GUA CUU CAG GCA UUA -3
(2) In humans
5'—mGppp AUG ACC LUUU UCU GUG CCC CUU CAG GCA UUA
— poly A tail 3'
{m] ft will have 10 amino acids.

Yt

33

a. (I} Name the protozoan species that is responsible for causing the most serious and even
fatal malariai diseaze.

(if) Name the host in which the parasite completes its sexual stages and explain the changes
taking placa.

(ili} How does the parasite damage the human bady after entering the blood stream

{iv] Suggest two effective preventive measures to control the spread of this disease in endemic
regions.

OR

b. {1} What are bio-fertilizers?

{if) Name the different types of microorganisms used as biofertilizers in organic farming and
explain how each contributes to soil fertility.

{i) Write two advantages of using bio-fertilizers over chemical fertilizers.

Answer: a.[l) Plasmodium falciparum
{ii}» Female Anopheles Mosquito
+-Mosguito picks up gametocytes from the infected persan:
-Fartilization and development take place in mosquito gut.
-Sparozoites from gut migrate to =alivary glands of masquito.
{ifi} After entering the blood stream, they enter liver, and then into red blood cells and
reproduce asexually, RBCs rupture and a toxic substance hemoezoin Is released causing chills
and high fever.
(iv] -Avoiding stagnation of watear in and around residential areas.
-Regular cleaning of househoid coolers.
-Use of mosquito nets.
-Intreduce fishes like Gambusia in ponds —they feed on mosqguito larval.
-Spraying insecticides in ditches of doors and windows to have wire mesh.
-Any other appropriate preventive measures.
OR
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b.(i) Bio fertilizers — Organisms that enrich the nutrient quality of soil. e.g,

bacteria fungi and cyanobacteria

(ii}-Bacteria / Rhizobium / Azatobacter / Azospirillum Rhizobium forms symbiotic association

with roots of leguminous plants and fix atmospheric nitrogen Into organic formstobe used by | 1

the plant, Azotobacter or Azospirillum fix atmospheric nitrogen while free living in the soil.
{Award ene mark for any one organism with its correct contribution) ¥

-Fungi fgenus Glomus.

Fungi breakdown arganic matter to release nutrients,

Glomus form mycorrhiza with roats of the plants.This association helps to

abserb phosphorous from seil and pass to the plant, %
plants show resistance to rogt-borne pathogens,
plants show tolerance to salinity and drought, %
There is increase In plant growth,

(&ny one)
-Cyanobacteria [ Anabaena / Nostoc / Oscillatoria v
Fix atmospheric Nitrogen, serve as Important biofertilizers in paddy fields
(Any one) S

{iii}-Bia fertilizers do not poilute our environmerit (sail, ground water).
-They conserve the beneficial soil microbes.
-Do rot cause contamination and harm human health.

BIOLOGY-044
SAMPLE PAPER-1

Hhximum Marks: fﬂ Time:-!i hours
General Instructions:

{iy  All guestions are campulsory.

(i) The question paper has five sections and 33 questions.

(i) Section—A has 16 questions of 1 mark each; Section—B has 5 questions of 2 marks each;
Section— C has 7 questions of 3 marks each; Section—D has 2 case-based questions of 4 marks
each; and Section—E has 3 questions of 5 marks each,

(iv) There is no overall choice. Answer all 33 questions. However, internal choices have been
provided in some questions. A student has to attempt only one of the alternatives in such
questions.

(v) Wherever necessary, neat and properly labeled diagrams should be drawn.

!

Question Woater. || THome

0. Marks:

No

1 ldentify the parts P, Q R, in the figure given below and select the option in the 1 1
carrect order




F 1Q ®
Endosperm | 5eed Coat Hypocotyl root axis

..Hﬂ?mﬂtﬂ root axis . Root t'r_;_:r | Ca{ayledm

o T O -]

Shoot Apical meristem Hypocotyl root axis Root tip

d Hypocotyl root axis Shoot Apical meristem Root tip

During childbirth, stretching of the uterus sends signals to the mother's brain, leading
to strong uterine contractions. The foetal ejection reflex triggers the release of which
harmone and from where?

3. Oxytocin from foetal pituitary b. Oxytocin from maternal pituitary

t. hCG from placenta d. Progesterane from corpus luteum

"l

A sample of double-stranded DNA corntains 28% Cytosine bases. What is the
calculated percentage of Adenine bases present in this DNA molecule?
3. 22% b. 28% ¢. 44% d. 56%

|'in a classic Mendelian dihybrid cross between a plant with round yellow seeds (RRYY) '

and wrinkled green seeds (rryy), the F2 generation exhibits recombinant phenotypes.
What is the precise cc:_mhined proportion of these recombinant plants?
a.1\1b6 b. 3\16 c. Bi\16 d. 9\16

Which of the following layers of an ovum prevents polyspermy in humans?
a. Corona radiata B. Zona pellucida C. Perivitelline space D. Plasma membrane

Fossils discovered in Java in 1891 revealed a hominid stage with a cranial capacity of
about 900cc. This stage is known as:
a. Homo hobilis b. Homo erectus ¢, Australopithecus d. Neanderthal man

A patient undergaing an organ transplant is prescribed an immunosuppressive agent
produced by the fungus Trichoderma polysporum. Identify this biocactive molecule:
a. Statin b. Streptokinase c. Cyclosporin A d. Citric Acid

While preparing competent bacterial cells, the role of divalent catians like Ca** is to:
a. Break down the cell wall of bacteria

b. Increase the efficiency with which DNA enters the bacterium through cell wall
pores

t. Pratect the alien DNA from host exonucleases

d. Act as a selectable marker

If a population of mice has an average natality of 500, mortality of 480, immigration
of 40, and emigration of 60, what is the net change in population size?
3. Increase of 20 b. Decrease of 20 ¢. Net change of 0d. Increase of 10

10

Why is the introduction of genetically engineered lymphocytes into an ADA-
deficient patient not a permanent cure?
a. Genetically engineered cells are rejected by the host immune system.

| b- Lymphocytes are not immortal and require periodic infusion.




c. Retroviral vectors cannot safely integrate cDNA into human genomes.
d. The enzyme produced by these cells is structurally non-functional.

11

The process of evolution of different species in 2 given geographical area starting
from a point and literally radiating to other areas of geography is called:
a. Convergent evolution b. Adaptive radiation c. Genetic drift d. Salation

12

Sacred groves are especially useful in which of the following activities?
a. Generating environmental awarenessb. Preventing soil erosion
c. Conserving rare and threaténed species d. Year-round water supply

Question No. 13 to 16 consist of two statements — Assertion (A) and Reason [R).
Answer these questions selecting the appropriate option given below:

a. Both Assertion (A) and Reason (R} are true and Reason (R) is the correct
explanation of Assertion (A)

b. Both Assertion a. and Reason (R) are true but Reason (R) is not the correct
explanation of Assertion (A)

c. Assertion {A) is true but Reason (R) is false.

d. Assertion (A) is false but Reason (R] is true.

13

Assertion (A): Proximal end of fallopian tube {infundibulum) possess fimbriae (finger
like projection).
Reason: Fimbriae help in catching of ovum after ovulation.

14

Assertion (&): DNA fingerprinting is highly reliable for paternity testing.
Reason (R): VNTRs (Variable Number of Tandem Repeats) are highly specific and
inherited from parents to offspring.

15

Assertion [A): Secondary treatment of sewage water is primarily 2 mechamical
filtration process.

Reason (R): Primary sludge is components like grit and pebbles settied down through
sedimentation

16

Assertion [A): EcoRl cleaves a recombinant DNA molecule at any random site
containing a high concentration of Adenine and Thymine.

Reason (R): Every restriction endonuclease recognizes a specific palindromic
nucleotide sequence in the target DNA molecule.

SECTION —B

17

Draw a neat, simplified diagram of a mature anatropous ovule of an angiosperm.
Label any four structural parts clearly.

OR

a. List any two characteristic features of wheat flowers that make it a good example
of wind pollination.

b. It is observed that plant breeders carrying out wheat hybridisation often take
pollen grains from the ‘pollen banks”. Do you agree? Give one reason in support of
YOUr answer.

Giveri below is the diagram of CuT, a3 commonly used contraceptive method. Based
on the information answer the following questions:
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(i) A mather of one year old daughter wanted to space her second child. Her dactor
suggested CuT. Explain its contraceptive actions,
(i) Bring out one main difference betwean CuT and LNG-20.

L o -B

scientific justification for this structural difference.
OR

Describe the process of decompasition of detritus under the following heads:
Fragmentation; leaching; catabaolism; humification and mineralisation.

19 1
a. Name the category of drugs represented by 1
the chemical structure given above.

b. Name the natural source of these compounds.

c. [f the o, methyl group is substituted by acetyl group we

geta bitter crystalline compound. Name the
compound.

20 | crylAb s introduced in a plant to control infestation by corn borer. 1+
3. Name the resultant plant after successtful insertion of the gene desired. 1
b, Summarise the action of the gene intraduced.

OR

a. Mention the cause and the body system affected by ADA deficiency in humans.

b. Name the vector used for transferring ADA-DNA into the recipient cellsin humans. | 1+
Name the recipient cells. 1

21 | The pyramid of biomass in a terrestrial forest ecosystem is upright, whereas the 1+
pyramid of biomass in an open ocean ecosystem 15 invertad. Analyze and provide a 1

Flowering plants have evolved complex genetic and morphelogical mechanisms to 1+1
prevent self-pollination and promote cross-pollination. Explain any three such +1
outbreeding devices.

23 | Study the figure given below and answer the questions: 1+

| Lol af e < o« 1w
{7) How 1 T 1 1 does the repressor molecule | 1
pet mRNA, lac Inactivated?
{ii) q‘} b mRNA hen does the transcription
of lac e, '"“I;:r:;&"" mMRNA stop?
(iif) > Name the enzyme transcribed
by the gene 7'

24 | In a certain population, the frequency of three genotypes is as follows. 1+
Genotypes: BB Bb bb ¥
Frequency: 22% 62% 16% 1+
What is the likely frequency of B and b alleles? %




Replication (ori). This is a specific DNA sequence where replication initiates. The ori
seguence also plays a critical role in controlling the copy number of the linked foreign
DNA. If a researcher wants to harvest a high yield of a target protein, they must
choose a vector whose ori supports a high copy number.

Additianally, pBR322 features several unigue recognition sites for restriction
endonucleases, such as EcoRl, Clal, Hindlll, Pvul, Pstl, BamHI, Soll, and Pvull, The

presence af unigue, single restriction sites is preferred because multiple restriction

25 | ldentify a,b,c.d.e and f in table given below. % 3
Organism Bioactive molecule Use 3
Monascus perpureus(yeast) A B Y
C ' D Antibiotic| %

E Cyclosporine A F %
26 | a. Tobacco plants are damaged severely when infested with Meloidogyne incognita. 1+ |3
Mame and explain the strategy that is adopted to stop this infestation. 1+
b. Name the vector used for introducing the nematode specific gene in tobacco plant. | 1
27 | Due to heavy pesticide use in an agricultural zone, the population of native bees, bats, | 1+1 | 3
and butterflies declines by 80%. The farmers notice a severe drop in fruit yield despite | +1
maintaining optimal soil nutrients and watering schedules,
1. ldentify the specific ecosystem service that has been compromised.
2. Classify this service under the appropriate utilitarian argument category.
3. Propose the economic consequences if farmers try to substitute this natural
service manually.
2B Identify the curves ‘g’ and ‘b’ shown in the graph ¥+ |3
given = .2 a below. List the conditions responsible for growth b
g ' patterns ‘g’ and 'b'.
i 2 1
d
1 — 3
[T SECTION-D. 1 |
29 | In a'genstic engineering expenment, scientists artificially synthesized a piece of 4
eukaryotic hnRNA inside a test tube. Before exporting it into the cytoplasm for
translation, they divided the sample into two batches. In Batch 1, they added an
enzyme that prevents the addition of methyl guanosine triphosphate. In Batch 2,
they treated the RNA with a chemical that completely blocks the template-
independent addition of adenylate residues.
a. Name the two post-transcriptional processes that were targeted in Batch 1 and 1+1
Batch 2, respectively.
b. Specify the exact locations (ends of the RNA strand. where the modifications in 1
Batch 1 and Batch 2 normally ocour.
OR {
(c) Predictthe fate of the RNA in Batch 1 if it is introduced into the cytoplasm without | 4
its corresponding modification.
(d) Why do prokaryotes skip post-transcriptional mRNA modifications.
30 | For any tloning vector to replicate inside 2 host arganism, it must possess an Origin of 4
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sites within a vector would cut it into several fragments, complicating the gene
tloning process. The vector also contains a rop gene, which codes for proteins
invalved in regulating the replication and copy number of the plasmid.

a. If a target gene is cloned at the BamHI site of pBR322, which specific antibiotic

their birth up to ten years of age. A graph plotted below shows the effect of the

resistance gene is disrupted? 1
b. Predict the consequence on plasmid replication if the rop gene is deleted or | 1
mutated in a pBR322 vector.
OR 1
t. A student clones a gene of interest into pBR322 but accidentally uses a
restriction enzyme that has three recognition sites within the plasmid map.
What difficulties will this cause in the experiment? =
d. Which region of the pBR322 plasmid should a scientist modify if they want to
significantly increase the yield of the cloned foreign gene product per cell?
| ECTI! , )|
31 | a. Explain the process of spermatogenesis in human males with the help of a 1+1
schematic flowchart. +:
b. Differentiate between spermatogenesis and oogenesis with respect to: 1
» Age of onset %
» Number of gametes produced from one primary cell. ﬁ
s Continuity of the process. 1&
= Palar body formation. +1
OR
he menstrual cycle is a complex orchestrated process regufated by pituitary and 1+1
ovarian hormaones, +1
a. Describe the phases of the menstrual cycle in human females.
b. Correlate the changes in the levels of pituitary harmones (LH and FSH) and ovarian
hormones (estrogen and progesterone) during the follicular and luteal phases. What
triggers ovulation?
32 Mé;r:gan performead experiments on Drosophila and proposed the concept of linkage.
(i) Explain the term linkage.
(i1} Differentiate between complete linkage and incomplete linkage. 1+1
{iii) Why are linked genes inherited together? 1
(iv] Explain the role of trossing over in producing variations. 1
OR 1
in snapdragon plants, red flowered plants were crossed with white flowered plants
and pink flowers were obtained in F; generation. 1
{i) Name the type of inheritance shown. 1
(i) Write the genotypes of parents and F, generation. 1
{iii) Show the F; phenotypic and genotypic ratio. 1+1
| (iv] Differentiate between incomplete dominance and complete dominance.
33 | Atime-bound vaccination pr pmg?a_rh;ﬁEEful_Fn_ﬁE& for the children in our cr;uuntnr from




vaccination followed by infection by the same pathogen, and the antibody
concentration in the blood of the child.
&
(i) . E Explain why the
' - administration of 3
vaccine '-E 2 causes an increase in
the E g antibody
¥ < cancentration. 1#1
i) If = the child is infected
with ﬁ Tirhiclon Wils Scr plthagen the same pathogen 1+1
almost 3 - four months later, the | +1
“—7lo s 1o 150 200 280 a0 30 40 40 mo  Antibody
Days attor ndministration &f vaccine concentration in i+1
his/her blood increases very
fast. Explain why.
1
OR 1
a. Normal genes called cellular oncogenes (c-one. or proto-oncogenes are presentin | 1
all healthy human cells. Explain how these normal genes can cause cancer.
b. Differentiate between 2 Benign tumer and 3 Malignant tumor based on their
erowth rate, movement, and threat to life.
c. Name the property that allows malignant tumor cells to invade and destroy
neighboring healthy tissues.
BIOLOGY-044
SAMPLE PAPER-2
Maximum Marks: 70 Time: 3 hours

General Instructions:

(i) All guestions are compulsory.




(i) The question paper has five sections and 33 questions.

(lii) Section—A has 16 questions of 1 mark each; Section—B has 5 guestions of 2 marks each;
Section— C has 7 questions of 3 marks each; Section—D has 2 case-based questions of 4 marks
each; and Section—E has 3 questions of 5 marks each,

(iv) There is no overall choice. Answer all 33 guestions. However, internal choices have been
provided in some gquestions. A student has to attempt only one of the alternatives in such
questions.

(v) Wherever necessary, neat and properly labeled diagrams should be drawn.

=

QNe Question Yade | o

1 What indicates ‘A’ in the above figure? 1

a. Root tip b. Shoot apical meristem ¢. Cotyledon d. Endosperm

2 A hormone secreted by the placenta helps maintain the corpus luteum during. 1 1
pregnancy. ldentify the hormone.
a. lH b. FSH c. hCG d, Oxytocin

3 In & 200 base pair sharp segment of double-stranded DNA, there are 40 Adenine | 1 1

bases. What is the total number of Guanine bases present in this segment?
.40 b. 80¢. 160 d. 320 '

4 A scientist crosses a pure-breeding pea plant with violet flowers and a pure- 1 1
breeding pea plant with white flowers. The F1 generation is self-pollinated. Out
of 800 plants produced in the F2 generation, approximately how many are
expected to have white flowers?

4. 200 b. 400 c. 600 d. 800

5 Which hormone acts as the primary biomarker to maintain the endometrium 1 1
during the secretory phase?

a. Estrogen b. LH ¢. Progesterane d, F5H
6 Which of the following is considered the common ancestor of all vascular plants? | 1 1
3. Chlarophyte ancestors b, Rhynia-type plantsc. Psilophyton
d. Tracheophyte ancestors

7 The large holes in Swiss cheese are due to the production of 3 large amount of 1 1
C0; by which bacterium?
a. Propionibocterium sharmaonii b. Saccharomyces cerevisiae
¢. Peniciflium roqueforti d. Leuconostoc mesenteroides

g8 The sequence recognized by EcoRl is 1 1

3. 5-GAATTC-3' 3-CTTAAG-5' b. 5'-CCAATG-3" 3-GAATCC-S'
¢. 5'-GATACC-3' 3-CCTAAG-5"d. 5’-CATTAG-3" 3'-GATAAC-5'
9 Identify A, B, C and D in this figure. 1 1
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» |
a. A; Immigration (1), B: Emigration (E), C: Natality b., D: Mortality d.
b. A: Natality b., B: immigration {I), C: Mortality d., D; Emigration (E)
¢. A: Mortality d., B: Emigration (E), C: Natality b., D: Immigration (I)
d. A: Mortality d., B: Natality b., C; Emigration (E}, D: Immigration (1)

10

The applications of Biotechnology include

3. Therapeutics b. Diagnostics c. GM crops for agriculture d. Processed food (E)
Bioremediation (F) Waste treatment (G) Energy production

3. A B C Eonly b. Conly t.B,C D, Eonly d. All of thesa

11

What does this diagram show?

Bougaiwiien  Cucurbila
a. Convergent evolution b. Divergent evolution
¢. Homologaus organ d. Both b. and c.

Find the incorrect statement from the following.

a. Introduction of Nile perch in Lake Victoria in east Africa lead to the extinction
of more than 200 species of cichlid fish in the lake.

b. Fast dwindling Amazon forest is estimated to produce, through
photosynthesis, 20 per cent of the total oxygen in the earth’s atmosphere.

c. More than 25 per cent of drugs currently sold worldwide are derived from
plants.

d. llegal introduction of American catfish Clarias ganepinus for aguaculture
purpose is posing threat to indigenous cat fishes in our rivers,

Question No. 13 to 16 consist of two statements — Assertion (A) and Reason (R).
Answer these questions selecting the appropriate option given below:

3. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of Assertion (A)

b. Both Assertion a. and Reason (R) are true but Reason (R) is not the correct
explanation of Assertion (A)

e. Assertion (A) 1s true but Reason (R) is false.

d. Assertion (A) is false but Reason (R] is true.

i3

Assertion (A): LH surge induces the rupture of the Graafian follicle and thereby
the release of an ovum.
Reason (R): Both LH and FSH attain a peak level in the middle of the menstrual

cycle.

14

Assertion (A): Less than 2 per cent of the human genome codes for proteins.
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Reason (R): A very large portion of the human genome is made up of repeated
sequences.

15

Assertion (A): The arganic farmer works ta create a system where the insects that
are sometimes called pests are not completely eradicated.

Reason (R): Without these pests, the beneficial predatary and parasitic insects
which depend on them for food or as a life cycle host would not be able to
SUTVIVE.

16

Assertion [A): RMA interference (RNAI) takes place in all eukaryotic organisms as a
method of cellular defence.

Reason (R): RNAi involves the silencing of a specific mRNA due to a
complementary double-stranded RNA {dsRN
-E: |::=i~. &
3. Differentiate between chasmogamous and cleistogamous flowers.

rate of its decomposition?

The functional megaspore in an angiosperm ovule undergoes free-nuclear mitotic
divisions to form a mature embryo sac.
a. Explain what is meant by "free-nuclear” divisions during this process.

17 |
1
b. Why is geitonogamy genetically similar to autogamy?
1
Or 1
How are pollen grains stored for artificial plant breeding pragrams over long
periods? State the exact conditions required.
18 How can amniocentesis help an expectant mother with a known family history of | 1
genetic disorders? Give two examples of disorders it can detect. 1
19 | An experimental drug administered to mice blacks the interaction between the | 1
cellular surfaces of helper T-lymphocytes and B-lymphocytes. Predict the effectof | 1
this drug on Humoral Immunity versus Cell-Mediated Immunity.
20 a. Name the specific enzyme utilized to dissolve the cell wall of a fungal cell ]
during the isolation of its genomic DNA.
b. Why is chilled ethanol added to the purified, cell-free mixture at theend of the | 1
DNA isolation process?
Or
Can you suggest a method to remave oil (hydrocarbon) from seeds based on your | 1
understanding of rDNA technology and chemistry of oil? 1
21 3. Differentiate between Gross Primary Productivity (GPP) and Net Primary 1
Productivity (NPP] in an ecosystem. 1
b. Why is the primary productivity of a tropical rainforest significantly higher than
that of a desert ecosystem?
Or
a. Name the process by which water-soluble inorganic nutrients go down into the | 1
soil horizon and get precipitated as unavailable salts during decomposition.
b. How does a high concentration of lignin and chitin in detritus affect the overall | 1
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b. Describe the cellular reorganization that takes place immediately after the 8-
nucleate stage is reached.
¢. State the final cellular and nuclear composition of this mature embryo sac.

23

A molecular biologist creates a mutant strain of E. coli that lacks a functional DNA
Helicase enzyme.

a. Predict the immediate structural effect of this mutation on the parental
double-stranded DNA molecule during cell division.

b. Why cannot the entire length of a long genomic DNA molecule be separated
completely all at once to act as a template?

c. What is a "replication fork”? Name the small chemical sequence that must be
laid down first before any DNA polymerisation can begin.

1+1 |3
+1

24

In a randomly mating population of arganisms at genetic equilibrium, the
frequency of the homozygous recessive phenotype (aa. is found to be 16% (0.15].
a. Calculate the individual frequencies of the dominant allele a. and the recessive
allele a. in this gene pool.

b. Determine the total percentage of individuals in the population that are
expected to be heterozysous (AlA)

1+
1+

25

26

A sewage treatment plant releases treated water into a nearby river only after
secondary treatment. During the process, activated sludge 1s formed.

(i} What is activated sludge?

(1) Why is aeration important during secondary treatment?
(i) What happens if untreated sewage is released inta rivers?

| State the role of transposons in silencing of mRNA in eukaryotic cells.

27

with an example.

b. Differentiate between Competitive Release and Resource Partitioning.

a. How do co-existing species avoid competitive exclusion in nature? Explain

28

Ecologists have observed that tropical regions possess significanitly greater
biodiversity than temperate regions. Explain any three hiological reasons
proposed to justify this latitudinal gradient.

29

In eukaryotes, transcription occurs in the nucleus and produces a non-functional
primary transcript called heterogenesous nuclear RNA (hnRN{A) This molecule
contains both coding regions (exons) and non-coding regions (introns). To form a
mature, functional messenger RNA [mRNA. capable of translation, the hnRNA
must underge extensive post-transcriptional modifications, including splicing,
capping, and tailing. In contrast, prokaryotic transcription takes place in the
cytoplasm and requires no structural processing before translation can begin.
4. Name the specific enzyme respansible for transcribing hnRNA in
eukaryotic cells,
b. Identify the biochemical nature of the 'cap’ added to the 5-end of the
hnRNA transcript.
OR
¢. State the structural feature of prokaryatic structural genes that explains

why their mRNA does not require splicing.
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d. c. What is the biological significance of adding a paly-A tail ta the 3'-end
of the mRNA molecule?

30

31

| 2. When an how does ce_nta e\irelap in human female?

A biotechnology firm aims toscale up the production of a therapeutic protein by
cloning its gene into £ cofi. They employ the standard cloning vector pBR322. The
gene of interest is restriction-digested and ligated specifically at the Pstl
restriction site, which is located inside the ampicillin resistance (amp®) gene. The
plasmid also contains an intact tetracycline resistance [tet“i gene, an origin of
replication (ori), and a (rop) gene. The reaction mixture is then transformed into
hast bacterial cells that lack any natural resistance to antibiotics. The lab
technician must now perform screening to isolate the correct recombinant
colonies.

a. What will be the impact of inserting the therapeutic gene at the Pstl site on

the ampicillin resistance of the recombinant plasmid? Name the underlying

genetic principle.

b. How can a researcher differentiste between transformants and non-
transformants using the antibiotic properties of this experimental setup?

Or
¢. Predict the growth outcome when the recombinant transformants are
replica-plated onto a medium containing tetracycline, and explain the
reason behind this observation.
d. c.if a mutation occurs in the (rop) gene of pBR322 during this experiment,
what specific quantitative property of the plasmid will be altered within
the E coli host? Explain your answer.

b. How is the placenta connected to the embryo?
¢. Placenta acts as an endocrine gland. Explain.
Or
Study the figures given below and answer the guestions that follow.

(M) During repraduction, the
chromasame number (2n)
reduces to half (n) in the
gametes and again resume the

original number (2n) in the offspring,

what are the processes through
which these events take place?

(#1) . Write the functions of A and D.
(ifi} Mention the function of mitochondria in sperm.

1+1

1+1

K%
%1
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32 a. When a cross is made between tall plant with yellow seed (TtYy) and tall | 1+1
plant with green seed (Ttyy), what proportions of phenotype in the |1
offspring could be expected to be a. tall and green b. dwarf and green? 1

b. Two heterorygous parents are crossed. If the two loci are linked what 1
would be the distribution of phenotypic features in F1 generation for a
dihybrid cross?

Or
c. Study the figures given below and answer the questions that follow.
Cross A Cruss B
-:;;IL C -‘?' 1'-:-;‘ i ":H
&;D &:l ﬂ;_'_li “:h e
F_B —? H—j —?
Yool livwe  svlilie Wl e .'."r'hlh- aeplrrAb e Wil Lype
1

g. (i} In a dihybrid cross, when would the proportion of parental gene i

combinations be much
higher than non-parental types, as experimentally shown by Morgan and his
group?
(i) If twa genes are located far apart from each other on a chromosome, how the
frequency of recombination will get affected? i
[iii) What are “true breeding lines’ that are used to study inheritance pattern of
traits in plants?
b. The map distance in certain organisms between gene A and Bis4 units, Band C
is 2 units and between C and D is 8 units which one of these gene pairs will show
maore linkage? Give reasons in support of your answer.

33 (a) Given below is the structure of an antibody.

i : ; 1+1+
(i) A boy of ten years had chicken pox. He is not expected ta have the same 1

disease for the rest of his life. Mention how it is possible.
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(if) Why is secondary immune response mare intense than the primary immune
response in humans?
(i} Some allergens trigger sneezing and wheezing in human beings. What causes
this type of response by the body?

(b) What is an autoimmune disease? Give an example.

Or
(z) |dentify A, B, C and D in the replication of HIV (retrovirus).

Ratrovinus

(b) Name the type of cells the AIDS virus first enters inta after getting inside
the human body. Explain the sequence of events that the virus undergoes
within these cells to increase their progeny.

1+1

K%
b

—
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 Maximum Marks: 70 Time: 3 hours

General Instructions:

() All questions are compulsory.

(ii)  The question paper has five sections and 33 questions.

(iii) Section—A has 16 questions of 1 mark each; Section—B has 5 questions of 2 marks each;
Section—C has 7 questions of 3 marks each; Section—D has 2 case-based questions of 4 marks
each; and Section—F has 3 questions of 5 marks each.

(iv) There is no overall choice. Answer all 33 questions. However, internal choices have been
provided in some questions. A student has to attempt only one of the alternatives in such
guestions.

(v) Wherever necessary, neat and properly labeled diagrams should be drawn.

@ | Question Marks | Total

No Mar
ks

1 ‘What indicates 'A’ in the fallowing figure? 1 1
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a. Micropyle b. Cotyledon ¢, Endoesperm d. Scutellum

2 A pregnant woman has low secretion of progesterone during arly pregnancy. Which
effect is most likely obsarved?

a. Increased milk production b, Failure to maintain pregnancy
c. Increased ovulation d. Rapid follicle growth

3 A sample of DNA Is analyzed and found to have a Guanine content of 34%. What is the
expected percentage of Thymine?
a.34% b.68% c 16% d. 32%

4 Ina plant nursery, a gardener crossas a true-breeding yellow-sesded pea plant with a
true-breeding green-sesded pea plant. The F1 plants are then test-crossad. What
percentage of the test-cross offspring will have green seeds?

2.25% h.50% c75% d.100%

5 What trigeers the breakdown of the endometrial lining leading to menstruation?
3. Surge in LH lavels b. Withdrawal of progesterone support
. Peak levels of estropen  d. Increase in FSH secretion

B Seed ferns (Pteridosperms) eriginated during which geclogical period?
a. Devonian b, Carboniferous c. Silurian  d. Permian

7 Statins, used as blood-cholesterol lowering agents, are commercially produced by the

yeast:
a. Soccharomyces cerevisiae &, Monascus purpurets
c. Candido lipoiytica d. Torulopsis utilis
8 Which diagram correctly represents the cutting of both strands of DNA by EcoRI?
fl )
o RPN
AL T Rl ] *'" - |
i
o Al (&l |¥] 7] e
e
_.__._I..... y——
Tl (& L&) T
i
L]
Al A r|le
L) :..I.I Tl-ﬁ A i
b mr v - _'... — —_— = e

5 A biologist studied the population of eats in a barn. He found that the average natality
was 250, average mortality is 240, Immigration Is 20 and emigration to be 30. The net
increase in population is
a. 10 bh.15 .05 d.Zero

10 Critical research areas of biotechnology are
a. Providing the best catalyst in the form of improved organism usually a microbe or
pure enzyme.
b. Creating optimal condition through engineering far a catalyst to act.
c. Downstream processing technologies to purify the protein organic compeund.
d. All the above

11 Arrange the ascending arder of extinction (reptiles):

a. Pelycosaurs, Thecodonts, Therapsids, Dinosaurs
b. Thecodonts, Dinosaurs, Pelycosaurs, Therapsids
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€. Dinosaurs, Therapsids, Thecodants, FEI'I_.f_mEraurs.
d. Therapsids, Thecodonts, Pelycosaurs; Dinosaurs

with the nematode Meloidogyne incognita.
Reason (R): The specific mANA of the nematode is silenced inside the parasite body,

preuentmg it from producing essential survival proteins.

a. Wﬁte the name of the outer and inner layar of ovule.

12 Blodiversity of a geographical region represents |
a. Endangerad species found in the region.
b. The diversity in the organism living in the region.
. Genetic diversity in the dominant species of the region.
d. Spacies endemic to the region.
Question No. 13 to 16 consist of two statements — Assertion (A) and Reason
(R). Answer these questions selecting the appropriate option given below:
3. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of Assertion (A)
b. Both Assertion a, and Reason (R) are true but Reason (R) is not the correct
explanation of Assertion (A)
. Assertion (A) is true but Reason (R) is falsa.
d. Assertion (A) is false but Reason (R} is true,

13 Assertion &) GnRH levels rise significantly at the age of puberty in human males. 1
Reason (R): GARH acts on the posterior pituitary gland and stimulates the secretion of
LH and FSH. '

14 | Assertion[A): Expressed Sequence Tags (ESTs) and Sequence Annotation were the two 1
major approaches used In HGP.
Reason (R): ESTs focused on identifying all the genes-that are expressed as RNA,
whereas Sequence Annotation biindly sequenced the whale genome.

15 Assertion (A): Ladybird and Dragonflies are used to get rid of aphids and mosquitoes 1
respectively.
Reason (R): These insects act as predatory biocontrol agents by feeding on specific pest
populations.

16 Assertion{A): Tobacco plants transgenic for RNAJ can survive in fields heavily infested 1

3. How is a disarmed pathogen vector made safe for delivering a gene of interest into
an animal or plant host cell?

b. Name the specific tumor-inducing plasmid that is modified and disarmed to
transform dicotyledonous plant tissues safely.

17 141
b. Whatis the functional difference between the integument and the nucellus of a
developing avule.
or
Explain the concept of ‘'monosporic development’ of an embryo sac. 141
18 How does a lactational amenorrhea method act as a natural contraceptive mechanism? | 1
State its maximum effective period. 1
13 A patient undergoes a surgical removal of the spleen due to physical trauma. Analyze 1
how this condition impacts their body's capability to filter blood-borne pathogens 1
versus tissue-fluid pathogens.
20 a. Why are genes encoding resistance to antibiotics considered valuable tools ingenetic | 1+1
cloning protocols?
b. Give an example of a natural organism that acts as a "natural genetic engineer” to
deliver genes into plant cells, and name the vector derived from it.
Or 1+1
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a. Explain the functional role of detritivores in an ecosystem, providing a sultable
example.
b. Why is the rate of decomposition exceptionally slow under anaerobic (oxygen-poor)
climatic conditions? '
Or
a. Distinguish between a Grazing Food Chain (GFC. and a Detritus Food Chain (BFC.
based on their primary source of energy.
b. Im 3 terrestrial ecosystem, which of these two food chains is responsible far

ferring a major fraction of energy?

141

1+1

Pollerr grains exhibit a highly specialized wall structure that protects them from
environmeantal extremes.
a. |dentify the two distinct layers of the pollen wall and name the chemical components.
that make up each layer.
b. What are germ pores, and what s thelr functional significance during pollen
germination?
€. Why can pollen grains be preserved parfectly for thousands of years as fossiis?
23 During DNA replication, deoxyribonucleoside triphosphates (dNTPs) play a crucial role
In supporting the polymerisation process. 1
2. State the primary catalytic function of dNTPs in the synthesiz of a new DNA strand.
b. Explain the energetic advantage that dNTPs provide to the replication miachinery. 141
24 A researcher studies a stable population of 500 individuals that follows Hardy-Weinberg
equilibrium. A specific gene has two alleles, where the frequency of the dominant allele
(p)is 0.7, '
a. Calculate the expected frequency of the homozygous dominant genotype (p?) and 1+%
the homozygous recessive genotype (p). 1+
b. Out of the total 500 Individuals, calculate the exact number of individuals that will
possess the heterozypous (Aa. genotype.
75 A doctor advised a patient to complete the full course of antibiotics even after recovery | %
from fever. bt
a. Why should antibiotics not be stopped midway? b
b. Mame one antibiotic produced by fungi. "
c.  Why are antibiotics ineffective against viral diseases? *
26 What is gene therapy? lllustrate using the example of adenosine deaminase (ADA. 1+
deficiency. 1+1
X7 a. Why is predation considered a necessary evil in an ecosystem? (Give two reasons) 1+1
b. Differentiate between Ectoparasites and Endaparasites with examples. 1
28 Human activities hawve accelerated the rate of species exdinction. BExplain any three 1+1
1

attributes of 'The Evil Quartet’ that drive this loss of hiuﬁiven‘.i.

i 3

The conversion of genetic information from a nucieic acid palymer into a protein
polymer requires a molecular dictionary known as the genetic coda. The code consists
of B4 triplet codons, where 61 code for spacific amino acids and 3 serve as tarmination
signals. Translation relies heavily on adapter molecules (tRMAs) that read the mANA
codons and carry the appropriate amino acids to the active site of a ribosome. The
overall process moves systematically through initiation, elongation, and termination
phasas.

a. Why isthe genetic code described as degenerate? Provide a brief

definition.




b. Name the unique aming acid that is always incorporated as the first
residus In any freshly synthesized eukaryotic polypeptide chain.
Or
¢. Write the specific structural codons that act as stop codons
(termination cedons) during translation.
d. |fan mRANA codan reads 5'- UUC -2, state the exact sequence of the
anticodon loop on its cognate tRNA, specifying its polarity (ends).

30

1=

-

In recombinant DNA technology, identifying transformants that carry the desired
forelgn gene Is a critical step. Traditionally, scientists used selectable markers like
antibictic resistance genes (amp®) and [tet”) on cloning vectors like pBR322. This
required a cumbersome process of replica plating on two different antibiotic media. To
simplify this, an alternative method called insertional inactivation was developed. This
technigue invalves inserting the foreign DNA within the coding sequence of an enzyme,
such as B-galactosidase (encoded by the locZ gene) or an antibiotic resistance gene.
When the fareign gene is successfully inserted, it disrupts the sequence, rendering the
gene non-fu nctional, For instance, Inthe blue-white screaning method, recombinants
lose the ability to produce the enzymea and form white colanies, while non-
recombinants ferm blue colonies in the presence of a chromogenic substrate.

2. State the dual function of a selectable marker in 2 cloning vector during

transformation.
b. In blue-white screening, what biochemical reaction causes the non-

recombinant colonies to develop a blue colour?
Or

€. Why is screening recombinants via the locZ gene considered less cumbersome
than using the (amp®) and (tet")genes of pBR322?

d. d. A recombinant plasmid Is formed by inserting a gene into the Psti site of the
ampicillin resistance (\(amp™R}\)) gene of pBR322. Expiain how this insertion
affects the bacterium's grawth on ampici[liﬁ—cnntaining medium,

Study the lllustration given and answer the questions that

follow:
il — |dentify 'a” and *e’. (if) Name and
state _ the function of 'c’.
Hi] |dentify o',
(iv) Explain the role of hormaones in the
formation and releaze of “g’.
(v) Draw a diagram of ‘D’ separately and
label the parts:
— that help its entry info "a';
— that carry genetic material;
Or
a. When and how does placenta

develop in human female?
b. How is the placenta connectad to the embrya?
c. Placenta acts as an endocrine gland. Explain.

1+l

lala
b

I+1+1

1+1
1#1
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32

a. Both haemophilia and thalassemia are blooad related disorders in humans,
Write their causes and the difference between the two. Name the category of

1+1

genetic disorder they both come under, 1
b. A calour-blind man marries a woman with normal vision whose father was ]
colour-blind. Work out a cross to show the genotype of the couple and their
respective sons.
Or
a. A cross was carrled out betwaen a pea plant heterozygous for round and yellow ]
seeds with a pea plant having wrinkied and green seeds, 1
a. Show the cross In-a Punnett square. 1
b. Write the phenotype of the progeny of this cross.
. What is this cross known as? State the purpose of conducting such a cross. 141
b. Explain the following terms with example
({} Co-dominmance {if) Incomplete dominance
33 a. Study a part of the life oycle of malarial parasite given alongside. 1
Answer the guestions that follow: 1
1
i Mention the roles of "A’ in the life oycle of
the malarial parasite.
i) Name the event 'C’ and the organ where this
event DLCUrs,
(i) |dentify the organ ‘B and name the cells
being released from it.
b. (i) How does the human body respond | 1+1

when vaccine is intreduced into it 2

(i) it is said that vaccinations are a must for a healthy society. Justify
Or
a. Cancer is one of the most dreaded diseases of humans. Explain ‘Contact inhibition’
and "Metastasis’ with respect to the disease.
b. Name the group of genes which have been identified in normal cells that could lead
to cancer and how they do s0?
€. Name any two techniques which are useful to detect cancers of internal organs.
d. Why are cancer patients often given a-interferon as part of the treatment?

Maximum Marks: 70

BIOLOGY-044
SAMPLE PAPER-4

General Instructions:

(1)
(i)
(i)

(iv)

All guestions are compulsory.
The guestion paper has five sections and 33 questions.

Section-A has 16 guestions of 1 mark each; Section—B has 5 questions of 2 marks each;
Section— C has 7 questions of 3 marks each; Section—D has 2 case-based questions of 4 marks

each; and Section—F has 3 questions of 5 marks each.

There is no overall choice, Answer all 33 questions. However, internal choices have been
provided in some guestions. A student has to attempt only one of the alternatives in such

questions.
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Wherever necessary, neat and properly labeled diagrams should be drawn.

youngest.
a. Mesozoic - Coenozoic > Palaeozoic

Identify the parts P, PQ R, S in the figure given below and select the option in the 1
correct order
P -
U Iy
r
b
P a R 5

a Endosperm Seed Coat Cotyledon Hypocotyl root axis

b | Seed Coat Endosperm Cotyledon Hypocotyl root axis

¢ | Cotyledon Hypocotyl root axis Seed Coat Endosperm

d | Cotyledon Hypocotyl root axis Endasperm Seed Coat
After childbirth, a mother is unable to eject milk though milk is being produced 1
normally. Deficiency of which hormaone is responsible?
a. Prolactin b. Oxytocin  c. Estrogen  d. Progesterone
If the sum of Adenine and Thymine in a double-stranded DNA maolecule is 56%, 1
what is the percentage of Guanine?
a.56% b.44% c.22% d. 28%
A researcher crosses a pea plant having inflated green pods with another plant 1
having constricted yellow pods. The F1 generation shows all inflated green pods. If
the F1 plants are self-pollinated, which of the following represents a recombinant
phenotype in the F2 generation?
a. Inflated green pods b, Constricted yellow pods
¢. Inflated yellow pods  d. Both a. and b.
Which of the following correctly traces the chronological phases of a standard 1
menstrual cyde?
3. Menstrual »Secretory > Follicular 2 Ovulatory
b. Menstrual 2 Follicular >0vulatory = Luteal
¢. Luteal > 0Ovulatory 2 Follicular >Menstrual
d. Follicular >Menstrual ->Ovulatory >Luteal
Choose the corract chronological sequence of geolagical eras from oldest to i




b. Palaeozaic = Mesozaic — Coenozoic
¢. Coenozoic = Mesozoic = Palasozoic
d. Palaeozaic = Coenozoic — Mesozoic

7 During sewage treatment, biogas is produced in which of the following tanks?
a. Primary settling tank b. Aeration tank
c. Anaerobic sludge digester d. Secondary settling tank
8 EcoRl cuts palindrome sequence which produces overhanging stretches called
sticky ends on each strand. These are named sticky because
a. They can combine with any DNA.
b. They form hydrogen bonds with their complementary cut counterpart.
¢. They facilitate the action of the enzyme DNA ligase.
d. Both b. and c.
9 The following graph depicts changes in two populations (A and B. of herbivore in a
grassy
field. A possible reason for these changes is that
sk v
5
\va
Tirres
3. Both plant populations in this habitat is decreased.
b. Population B compound is more successful for food than population A.
¢. Population A produces more offspring than population B,
d. Population A consumed the members of population B.
10 | During the process of prohormone ‘proinsulin’ into mature insulin synthesis
a. C-peptide is added to proinsulin b, C-peptide is removed from proinsulin
. B-peptide is added to proinsulin  d. B-peptide is removed from proinsulin
11 | Hugo de Vries, based an his wark an , brought forth the idea of
mutations.
a. Pisum sativum b. Lathyrus odoratus c. Evening primrosa d. Lothyrus sotivus
12 | Select the correct statement about biodiversity.
a. Large scale planting of Bt cotton has no adverse effect on biodiversity.
b. Western Ghats have a very high degree of species richness and endemism.
¢. Conservation of biodiversity is just a fad pursued by the developed countrias,
d. The desert areas of Rajasthan and Gujarat have a very high level of desert
animal species as well 33 numerous rare animals.
Question No. 13 to 16 consist of two statements — Assertion (A) and Reason (R).
Answer these questions selecting the appropriate option given below:
3. Both Assertion {A) and Reason (R) are true and Reasen (R) is the carrect
explanation of Assertion (A)
b. Bath Assertion a. and Reason (R) are true but Reason (R) is not the correct
explanation of Assertion (A)
¢. Assertion (A) is true but Reason (R) is false.
d. Assertion (A) is false but Reason (R) is true.
13 | Assertion (A): In humans, the sex of the baby is determined by the genetic makeup

of the father.




Reason (R): Human males produce two types of gametes, 50% carrying the X
chromosome and 50% carrying the Y chromosome.

14

Assertion (A): BAC and YAC were used as vectors for cloning large fragments of
hurman DNA,

Reason (R): BAC stands for Bacterial Artificial Chromosome and YAC stands for
Yeast Artificial Chromosome.

Assertion (A): Baculoviruses belonging to the genus Nuclecpolyhedrovirus are
excellent candidates for species-specific, narrow-spectrum insecticidal
apphcations.

Reason (R): They have been shown to have negative impacts on plants, mammals,
birds, fish, or even on non-target insects.

16

17

Assertion (A): The complementary double-stranded RNA (dsRNA. required to
initiate RNAi can originate from mobile genetic elements called transposons.
Reason (R): Transposons replicate via an RNA intermediate that can form double-

stranded loops within the host cell.

w-,r E-se—p&l]inatiﬂn campetly preventad in dieciﬂus pa_nt-spe‘cigs Give two
examples of dicecious plants.

Or
If ane can induce parthenocarpy through the application of growth substances,
which fruits would you select to induce parthenocarpy and why?

141 | 2

i+1

18

Why are surgical sterilization methods considered terminal birth cantrol options?
Mention one major drawback of these methods.

15

During a severe respiratory tract infection, a patient experiences temporary
swelling in the nack region. Biologically evaluate this scenario by answering:
a. What causes the localized swelling in the neck region?
b. Which structural category of the lymphaid tissue lining the respiratory tract
serves as the first line of defense e here? State its short-farm acronym.

20

[EE iy R

a. When us using chromogenic substrates for screening, what color change indicates
that a bacterial colony contains a non-recombinant plasmid?
b. Explain the economic and structural advantage of using chromogenic selection
over traditional replica plating with antibiotics.

Or
3. Why is a hydrophilic molecule like a naked DNA plasmid unable to pass directly
through the plasma membrane of a living host celi?
b. State the functional purpose of utilizing ice-cold temperatures before and after
the brief thermal shock during chemical transformation.

1+1 |2

1+1

21

22

a. State the percentage of incident solar radiation that constitutes
Photosynthetically Active Radiation (PAR).

b. What percentage of this PAR is actually captured by photosynthetic green plants
to sustain the entire living world?

Or
a. State Lindeman's 10% law of energy transfer across consecutive trophic levels.
b. If the net primary praoductivity of the producer level in an ecosystem is 20,000 J
of energy, calculate the amount of energy avmiahle to the temar-,r consumer.

In an anther, the mlcrnspnranglum is surmunded by four distinct wall layers.

1+1 |2

155




a. List the four wall layers of a microsperangium in order from the outermaost to
the innermost.

b. State the common function performed by the outer three layers,

¢. Explain how the innermost layer differs structurally (in terms of
cytoplasm/nuclei) and functionally from the rest.

23

Avariety of enzymes cooperate to ensure that DNA unzips and replicates without
breaking.

a. Name the specific enzyme responsible for unwinding the double helix by
breaking hydrogen bonds.

b. What is the function of the enzyme DNA ligase on the lagging strand?

1+1
+1

24

A specific population of beetles is in genetic equilibrium. Out of 1000 beeties
collected from the field, 900 beetles show the dominant dark shell calour, while
the remaining beetles show the recessive light shell colour (a{A)

a. ldentify the total number of beetles showing the recessive phenatype and use it
to find the frequency of the recessive allele (g) [1].

b. Calculate the frequency of the deminant allele (p) in this beetle population [1].
e. Find the exact number of beetles among the 900 dark-colored ones that are
carrying the recessive allele silently as heterozygotes (A(A)

i

Avillage installed a biogas plant using cattle dung and agricultural waste.
3. Which group of microorganisms is mainly invalved in bingas production?
b. Name the major combustible gas present in biogas.
e. Mention one environmental advantage of biogas plants.

b et b | et

L |

26

Can you suggest a method to remove oil (hydrocarbon) from seeds based on your
understanding of rDNA technology and chemistry of oil?

1+1
+1

P

a. Explain the J-shaped population growth curve mathematically and graphically.
b. Why is this growth madel considered unrealistic in a natural habitat?
c. Define "Intrinsic Rate of Natural Increase {r)".

1+1+

28

b. Graphically represent the Species-Area relationship as described by Alexander
wvon Humboldt. Write its corresponding linear equation and identify what {Z) stands
for.

1+1+

B SECTION-D

T

29

Gene expression in prokaryotes is highly regulated to conserve cellular energy. The
Lar Operen in E. coli is a classic example of an inducible system that controls the
breakdown of lactese. The operon consists of a regulatory gene (i) gene), a
promoter (P), an operator (0), and three structural genes (z), (y), and (A) In the
absence of an inducer, a repressor protein binds tightly to the operator, preventing
transcription. When lactose is introduced, it interacts with the repressor, altering
its shape so it can no longer block the transcription machiner

| g oo £ il a
' by
o
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a. ldentify the structural gene (z), (y), or a.) that codes for the enzyme
Permease, and state this enzyme's primary function,

b. MName the specific chemical compound that acts as the natural inducer in 1
the Lac Operon system. 4
OR
c. Why is the regulation of the Lac Operon characterized as a negative 1
regulation system?
d. Predict what would happen to the operon’s expression if a mutation 2
permanently inactivates the regulatory (i) gene.
30 | A biotechnology student was studying the first artificially constructed plasmid used
extensively in recombinant DNA technology. The plasmid, named pBR322, was
derived from naturally occurring plasmids of Escherichia coli. The letter 'p' stands
for plasmid, 'B" and 'R’ refer to Bolivar and Redriguez, the scientists who
constructed it, and '322" is its serial number.
pBR3272 has a size of 4361 base pairs and carries two antibiotic resistance genes —
ane for ampicillin (amp®) and anather for tetracycline (tet®). It also has an origin
of replication (ori) that allows it to replicate autonamously within the hast cell,
and multiple unigue restriction sites where foreign DNA can be inserted. One such
site — BamH| — lies within the tet® gene, while Pstl lies within the amp® gene.
These restriction sites make pBR322 a highly efficient cloning vector.
a. Name any two essential features of pBR322 that make it a suitable cloning
vector. State the role of the "ori’ sequence present in it 1
b. What are selectable markers? Identify the two selectable markers present
in pBR322 and explain how they help in selecting transformed host cells from | 1
non-transformed ones.
a. Or
¢. Aresearcher inserts a foreign gene into the BamH| site of pBR322. Which 1
antibiotic resistance gene gets disrupted? What is the phenomenon
called, and how will the researcher identify recombinant colonies ? yiq

d. Afterinserting foreign DNA at the BomH] site of pBR322, the bacteria are

plated on a medium containing ampicillin and then replica-plated

on tetracycline. Predict the growth pattern of (i) non-transformed cells, (i)
transformed non-recombinants, and (i} transformed recambinants on each
medium. Tabulate your answer.

S ————
| | SECTION-E

ECTION —-E
e e

Study the graph given balow and answer the gquestions that fallow:
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a. What is the importance of LH surge? 1
b. Identify the ovarian phases during the menstrual cycle.
i. 5thday to 12th day of the cycle. %
“
i, 14th day of the tycle. 1
c.Which hormones regulate menstrual cycle? 1
d.Menstrual cycles are absent during pregnancy. Why?
Or 1
Give the term/reason: 1
a. Mechanism responsible for parturition. 1
b. Role of oxytooin during expulsion of the baby out of uterus 1
¢. Why does zona pellucida layer block the entry of additional sperms? 1
d. Sperm cannot reach ovum without seminal plasma.
(e) All copulations do not lead to fertilisation and pregnancy.
32 a. A relevant portion of B-chain of haemoglobin of a normal human is given
below:
The codon for the sixth amino acid is GAG. The sixth codon GAG mutates to GAA as
a result of mutation ‘A’ and into GUG as a result of mutation 'B’. Haemoglobin
structure did not change as a result of mutation "A’ whereas haemoglobin
structure changed because of mutation ‘B’ leading to sickle shaped RBCs. 1
(7) Explain giving reasons how could mutation ‘B’ change the haemoglobin
structure and not mutation ‘A, 1
(i7) Write the genotype of (i) an individual who is carrier of sickle cell anaemia gene
but apparernitly unaffected, and (i7) an individual affected with the disease. 1+1+
b. Give an example of a gene responsible for multiple phenotypic expressions. 1
What are such genes called? State the cause that is responsible for such an effect.
ar B
a. |dentify @', ‘B, °c’, ‘e, ‘¢’ and f in the table given below: 8
= Mo, Symidrome Cause | Characteristics of “Sex
= g i 5 R s A 1 i o e o
I THrewn's Urimomy of 31 ": .”':;j b
3 et WY Crigrnll inasculiye it
wleveldaprmernt
s, ‘armei’s AB wilh Xy "t":;" e
1
b. Explain pleioctropy with the help of an example.
33 | a. Name the types of lymphoid argans, lymph nodes and thymus are. Explain the 1+11
role playedby them in causing immune response. 1+1

b. Differentiate between innate immunity and acquired immunity.
Or
| A group of youth were having a ‘rave party” in an isolated area and was raided by




police.

Packets of ‘smack’ and syringes with needles were found littered around.

3. Why is taking ‘smack’ considered an abuse?

b. Write the chemical name of ‘smack” and the name of its source plant.

¢. Syringes and needles used by the youth for taking the drug could prove to be
| very fatal. Why?

1+1
1+1
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General Instructions:

(vi) All questions are compulsory.

(vil) The question paper has five sections and 33 questions.

(vill) Section—A has 16 questions of 1 mark each; Section—B has 5 questions of 2 marks each;
Section—C has 7 questions of 3 marks each; Section—D has 2 case-based questions of 4 marks
each; and Section—E has 3 questions of 5 marks each,

(ix) There is no overall choice. Answer all 33 guestions. However, internal choices have been
provided in some questions. A student has to attempt only one of the alternatives in such
questions.

(%) Wherever necessary, neat and properly labeled diagrams should be drawn.

= Y
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q

a. A: Thalamus, B: Endocarp b. A: Thalamus, B: Achene
t. A: Endocarp, B: Mesocarp d. A: Mesocarp, B: Endocarp

The foetal ejection reflex in human triggers the release of harmone from | 1 1

Fill in the blanks by choosing right option.
a. oxytocin, foetal pituitary b. oxytocin, maternal pituitary
¢. human chorionic gonadotropin, placenta d. progesterone, corpus luteum

A single strand of DNA has the base compasition: A= 22%, T=28%, 6 =30%,andC= | 1 1
20%. What will be the percentage of Adenine in its complementary strand?
a.22% b.28% c.30% d.20%

A student in a botanical Iab performs a genetic cross between two true-breeding: 1 5 )
pea plants. Parent 1 produces Round and Yellow seeds (RRYY), and Parent 2
produces Wrinkled and Green seeds (rryy). The resulting F1 offspring are all allowed
to self-pollinate to yield the F2 generation. The student collects a total of 800 seeds
from the F2 generation.

Out of the BOO F2 seeds collectad, statistically how many seads are expacted to
show the parental phenotype of Wrinkled and Green?

a.50 b.150 'c.450 d.200

Which of the following statements about the menstrual cycle is incorrect? 1 1
a. Lack of menstruation always indicates pregnancy.

b. LH surge induces the rupture of the Graafian follicle.

c. The cycle is absent during lactation.

d. Gonadotropins increase gradually during the follicular phase.
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Fram which evolutionary lineage did the modern-day Horsetails (Sphenopsids)
directly emerge?

a. Psilaphyton b. Rhynia-type plants

t. Zosterophyllum d. Chlorophyte ancestors

Which microbe is widely used to control butterfly caterpillars in agricultural fields?
a. Barillus thuringiensis h. Trichodermo harzianum
c. Nosema locustae d. Agrobacterium tumefaciens

62134567

Arrange the following process in the sequence used in rDNA technolagy.

(1) Isolation of DNA  (2) Fragmentation of DNA by RE

(3] Isolation of desired DNA fragment (4) Ligation of DNA fragment into vector
{5] Transferring rDNA into host (B) Culturing host cells in a medium at large scale
{7) Extraction of the desired product

a.1,2,3,45,6,7 b1 234,657

d:-1, 2, 3, 5,4,6; ?

What parameters are usad for tiger census in our country's national parks and
sanctuaries?

a. Pug marks anly  b. Pug marks and faecal pellets

c. Faecal pellets only d. Actual head counts

10

Select the true statements from the following.

(1) Insulin from animal source, may develop allergy in some patients.

(2) C-peptide 15 not present in mature insulin,

{3) Recombinant therapeutics do not induce unwanted immunological response.
[4) Insulin can be administered arally to diabetic patients

a.land3only b.land2only c.3and4only d.1,2and3only

11

Arrange the following in the order of their evolution.

a. Homo habilis - Ramapithecus - Homo erectus - Dryopithecus — Homo sapiens
— Australopithecines - Neanderthal man

b. Dryapithecus - Ramapithecus - Australopithecus - Homo habilis - Homo
erectus — Neanderthal man — Homo sapiens

c. Australopithecines >Homo sapiens & Ramapithecus 5 Dryopithecus & Homo
habilis— Homo erectus — Neanderthal man

d. Neanderthal man = Australopithecines & Homo sapiens — Homo erectus
—Homao habilis —» Ramapithecus = Dryopithecus

12

Given below is the representation of the extent of glabal diversity of invertebrates.
What groups the four portions (A to D. represent respectively?

Ao N
AL\ N\
[ \\| \
LB |

A
\ I
',\' 4
" /

—— _:—-"'-F'

a. Az Insects, B: Crustaceans, C: Other animal groups, D: Molluscs
b. A: Crustaceans, B: Insects, C: Molluscs, D: Other animal groups
c. A: Molluscs, B: Other animal groups, C: Crustaceans, D: Insects

d. A: Insects, B: @El;uscs., C: Crustaceans, D: Cther animaLg[Eupﬁ'

Question No. 13 to 16 consist of two statements — Assertion (A) and Reason (R).
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Answer these questions selecting the appropriate option given below:
a. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of Assertion (A)
b. Both Assertion a. and Reason (R) are true but Reason (R) is not the correct
explanation of Assertion (A)
c. Assertion (A) is true but Reason (R) is false.
d. Assertion (A) is false but Reason (R) s true.
13 | Assertion{&}.: Seminal plasma is rich in fructose, calcium, and certain enzymes.
Reason (R): Secretions of Bulbourethral glands help in the lubrication of the penis.
14 | Assertion (A)Chromosome 1 was the first human chromosome to be completely 1
sequenced in the Human Genome Project.
Reason (R): Chromosome 1 has the maximum number of genes {2968) among all
human chromosomes.
15 | Assertion (A).: Trichoderma species are free-living fungi present in the root 1
ecosystemns that act as effective biocontrol agents.
Reason (R): Trichoderma attacks and kills beneficial nitrogen-fixing bacteria like
Rhizobium in the soil.
16 | Assertian (A).: Agrobacterium tumefaciens is widely used to engineer nematode 1
resistance in host tobacco roots.
Reason (R): Agrobacterium naturally transfers a specific piece of DNA (T-DNA. into
the host plant genome, which can be modified to express both sense and anti-sense
RNA. :
e SECTION—B =
17 | Differentiate between: 1+1
a. hypocotyl and epicotyl b. coleoptile and colearhiza
Or
Differentiate between:
a. integument and testa b, perisperm and pericarp 131
18 | Why are surgical sterilization methods considerad terminal birth control options? 1
Mention one major drawback of these methods. 1
19 | Describe the funr:tmﬁai cooperation between Bone Marrow and Secondary 1
Lymphoid Organs (like lymph nodes) in maintaining the body's immune surveillance. | 1
20 | a. For which specific cell type (plant or animal} is the micro-injection method most 1+1
suitable for delivering foreign genes? Justify your answer.
b. What heavy metal micro-particles are commonly utilized to coat DNA in the
biolistics or gene gun method?
Or 1+1
a. ldentify the specific step of a PCR cycle where synthetic oligonucleotide primers
bind to single-stranded target DNA templates.
b. State the approximate temperature range required for the optimal binding of
these primers during amplification.
21 | a. Why is the pyramid of biomass in a sea or deep aguatic ecosystem generally 1+1
inverted?
b. Draw a simple, well-labeled schematic representatian of this inverted aguatic
pyramid of biomass
Or
Describe the process of decomposition of detritus under the following heads:
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Fragmentation; leaching; catabaolism; humification and mineralisation. |

[

i § s

22 | A breeder wants to cross two true-breeding varieties of a bisexual flower to createa | 1+1+ | 3
superior hybrid. 1
a. Detail the two sequential manual steps the breeder must perform an the female
parent flower to prevent unwanted pollination.

b. Why is the step of "emasculation” completely unnecessary if the female parent
plant happens to be dioacious?

c. What is the purpose of "bagging” the flower after dust-pollination has been
completed?

23 | Before DNA polymerasa can begin adding deoxynuclestides, a crucial initiation step 3
must occur.
a. ldentify the short chemical sequence that must be laid down on the template 1+1
strand first, and name the enzyme that synthesizes it.
b. State the specific end {3' or 5') of this sequence to which DNA polymerase adds 1
the incoming nucleatides.

24 | In a population of mice at genetic equilibrium, the dark coat color is completely 1#¥% | 3
dominant over the white coat colour. If 9% of the population displays the white coat | 1+
phenotype: b

a. Caleulate the frequency of the dominant allele in the gene poal.

b. Find the proportion of dark-coloured mice that are carriers (heterozygous) for the
white coat trait.

25 | Three water samples namely river water, untreated sewage and secondary effluent | 1+1+ | 3
discharge from a sewage treatment plant were subjected to BOD test. The samples | 1
were |abelled A, B and C but the laboratory attendant did not note which was which.
The BOD values of the three samples A, B and C were recorded as 20 mg/L, 8 mg/L:
and 400 mg/L respectively. Which sample of the water is most polluted? Can yau
assign the correct label to each assuming the river water is relatively clean?

26 | Suggest any two passible treatments that can be given to a patient exhibiting. 1+1 |3

adenosine deaminase deficiency *1

27 | Predators are often described as "prudent” in nature. Justify this statement and 1+#1+ | 3
explain what would happen if a predator were not prudent. 1

28 | a. Differentiate between In-situ and Ex-situ conservation strategies with two 1+ 3
examples of each. 1

b. What are 'Biodiversity Hotspots'?

29 | The human genome coentains massive stretches of DNA that do nat cede for 4
proteins. A significant portion consists of repetitive DNA sequences where 3 small
stretch of bases is repeated many times. These sequences can be separated fram
bulk genomic DNA during density gradient centrifugation, appearing as small peaks
called satellite DNA. Depending on base composition, length of the segment, and
number of tandem repeats, they are categorized into micro-satellites and mini-
satellites. Thase repeats show high degrees of polymorphism, forming the bedrock
of modern forensic DNA fingerprinting.

a. Expand the abbreviation VNTR, and identify which class of satellite DNA it 1

belongs to.
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b. Whatis the primary analytical method used to separate satellite DNA from
bulk genomic DNA based on molecular weight?

or 1

t. Why are VNTRs from a single individual identical across blood, hair follicles, ;
skin, and saliva samples?

d. Except for one specific biological exception, no two humans share the exact
same DNA fingerprint profile. Name this exception.

30 | In a school biotechnology Iaboratory, students performed a genetic engineering
experiment. They used the restriction enzyme Pstl to cut the pBR322 plasmid and
insert a gene of interest. The plasmid was then introduced into competent E.
coli cells by the process of transfarmation. The cells were plated on nutrient agar
plates containing both ampicillin and tetracycline.

The teacher explained that when foreign DNA is inserted into the Pstl site within

the amp® gene, the gene is disrupted and the bacterium loses its ability to survive an
ampicillin. However, the tet” gene remains intact. This method of identifying
recembinants — based on disruption of an antibiotic resistance gene by inserted
DNA — is called insertional inactivation.

The teacher further noted that modern vectors now use a more convement marker
called lacZ, where recambinant colonies appear white while non-recombinant
colonies appear blue in the presence of the substrate X-gal. This i1s known as blue-
white colony screening.

a. Define insertional inactivation. When a foreign DNA fragment is inserted at
the Pst site of pBR322, which antibiotic resistance gene gets inactivated, and | 1
why does the recombinant bacterium fail to grow an ampicillin medium?

b. What is meant by a competent cell? Name the chemical treatment most | 1
commonly used in the laboratory tn make E. coli cells competent for uptake
of recarmnbinant plasmid DNA.

Or 1

t. Explain the principle of blue-white colony screening using the JocZ gene.

d. A scientist caims: "All transformed cells are recombinont cells.” Do
you agree or disagree with this statement? Justify your answer with 33
reference to pBR322 transformation experiments. Also
suggest one advantage of blue-white screening over antibiotic-resistance-
based screening.

1l SECTION-E |

31 | The following is the illustration of the sequence of ovarian events (6 —i} in @ human

female.

co@ () Q &) &

fa) (&) ic) (e} ir) if} igl th) (i)
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a. ldentify the figure that illustrates mature follicle, ovulation and
corpus luteum and mention the stage of ocogenesis it represents.

b. MName the avarian hormone and the pituitary hormone that have 1+1+
taused the above mentioned event, 14
c. Explain the changes that occur in the uterus simultaneously in %
anticipation.
d. Whatis the fate of 1'?
Or
{a) Study the figure given below and answer the 1ol
guestions that fallow: 1
(i} Name the stage of human embryo the figure
represents.
(ir) Mention the fate of the inner cell mass after
implantation in the uterus. T
(i) Where are the stem cells located in this embryo?
(b) Draw the labelled diagram of sperm. (any four labelling)
32 a. Haemophilia is 2 sex-linked recessive disorder of humans. The pedigree chart
given below shows the inheritance of haemaphilia in one family. Study the
pattern of inheritance and answer the questions given.
L0
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{/) Give all the possible genotypes of the members 4, 5 and & in the pedigree chart. %
{ii) A blood test shows that the individual 14 is a carrier of haemophilia. The member
numbered 15 has recently married the member numbered 14. What is the
probability that their first child will be a haemophilic male? 1
b, Name a disorder, give the karyotype and write the symptoms where a2 human
male suffers as a result of an additional X-chromosome.
Or
a. List the three different allelic forms of gene 1’ in humans. Explain the
different phenotypic expressians, cantrolled by these three forms.
b. A woman with blood group ‘A’ marries a man with blood group "0'.
Discuss the possibilities of the inheritance of the blood groups in the
following starting with ‘yes’ or'no’ for each:
(i) They produce children with blood group A’ only.
{ii) They produce children some with ‘0" blood group and some with ‘A’
blood group..
33 | a. Cancer is ane of the most dreaded diseases of humans. Explain ‘Contact 1+1
inhibition’ and ‘Metastasis’ with respect to the disease.
b. Name the group of genes which have been identified in normal cells that could 1
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lead to cancer and how they do so?
t. Name any two technigues which are useful to detect cancers of internal organs.
d. Why are cancer patients often given a-interferon as part of the treatment?
Or
a. Name and explain giving reasons, the type of immunity provided to the newborn
by the colostrum and vaccinations.
b. Name the type of antibody
(i) present in colostrum
(i7) produced in response to allergens in human body.
c. Name a drug used (i} as an effective sedative and pain killer (i) for helping
patients to cope with mental illnesses like depression, but often misused.
d. How does the moderate and high dosage of cocaine affect the human body
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