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Chapter 1

Kingdom Animalia

Kingdom Animalia comprises multicellular, eukaryotic, heterotrophic organisms that lack cell walls. They
are ingestive feeders, deriving nutrients by consuming other organisms. Animals typically develop from
a blastula during embryonic development and have a dominant diploid stage. This kingdom is distinct from
Protozoa, which are placed in Kingdom Protoctista.

Characteristics:
e  Multicellular Eukaryotes: Composed of eukaryotic cells without rigid cell walls. Structural
support is provided by an extracellular matrix containing proteins like collagen.
Heterotrophic Nutrition: Obligate heterotrophs that ingest and internally digest food.
Specialized Tissues: Possess true tissues (except in sponges). The evolution
of nervous and muscle tissue is a key innovation.
e Blastula Formation: A hollow ball of cells formed after zygote cleavage.
e Sexual Reproduction: Most reproduce sexually with haploid gametes (sperm and egg).
Fertilization produces a diploid zygote.
e Motility: Most are motile at some life stage, aided by muscle tissues.
¢ Regulative Development: Cell fate is determined relatively late, allowing for high developmental
plasticity.
Habitat & Adaptations:
e Marine (Original): Buoyancy, stable temperature. Adaptations include sessile attachment,
burrowing, or planktonic forms.
e Freshwater: Challenges include osmoregulation (hypoosmotic environment) and variable
conditions.
e Terrestrial: Major challenges are desiccation, gravity, and temperature extremes. Key adaptations
include impermeable body coverings, internal respiratory surfaces, internal fertilization, amniotic
eggs/vivipary, and supportive skeletons.

Animal Body Plans & Classification Criteria
A body plan is an integrated set of morphological and developmental traits. Key aspects are used to classify
animals and infer evolutionary relationships.
1. Levels of Organization & Tissue Complexity
e Cellular Level (Parazoa): Cells are loosely associated; no true tissues or organs.
Example: Phylum Porifera (sponges).
e Tissue Level: Cells organized into tissues. Example: Phylum Cnidaria.
e Organ & Organ System Level: Tissues form organs and complex systems. Example: All higher
phyla (Eumetazoa).
2. Germ Layers (Embryonic Tissue Layers)
Formed during gastrulation.
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Feature Diploblastic Triploblastic ‘
Germ Layers Two: Ectoderm & Endoderm Three: Ectoderm,
y ' Mesoderm & Endoderm
Intermediate Layer Non-cellular Mesoglea Cellular Mesoderm

Allows development of complex
Complexity Limited tissue complexity. organs and systems (muscular,
circulatory, skeletal).

All Bilateria (Platyhelminthes to
Chordata)

Examples Cnidaria, Ctenophora

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 Page 1 of 56



L MK PREPARATIONS) . =

~ L

. Body Symmetry

Refers to the arrangement of body parts around a central axis.
Feature Asymmetry Radial Symmetry Bilateral Symmetry

Definition

No plane of symmetry.

Body parts arranged

around a central axis;

multiple planes yield
mirror images.

Body divisible into
mirror-image halves by
only one sagittal plane.

Germ Layers

Primarily diploblastic.

Triploblastic.

Oral (mouth) and aboral

Distinct anterior/posteri

Mobility & Sensing

Sessile.

Body Surfaces No distinct ends. surfaces or, dorsal/ventral,
) and left/right sides.
Associated with directed
Often sessile or movement

floating; sensory
structures surround
body.

and cephalization (conc
entration of sensory
organs/nervous tissue at
anterior end).

Examples

Most sponges
(Porifera).

Adult cnidarians, adult
echinoderms.

Platyhelminthes,
Annelida, Arthropoda,
Chordata.

Biradial symmetry (a variant of radial symmetry where only two planes yield mirror images) is found in

Ctenophora.

“Radial
Symmetry”

7
Planes of

P symmetry \

“Bilateral
Symmetry”

‘Spherical
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Symmetry —
Q

Central
axis

Dorsal side
> ——Plane of
symmetry
(Sagittal plane)

Posterior

Anterior
end

Sea Turtle

Ventral side

Star fish ||

“HELIOZ0A”

4. Body Cavity (Coelom)
A fluid-filled space between the gut (di

“STAR FISH” “SEA TURTLE”

estive tract) and the body wall.

nZO—~—-p» AP UmAT

Coelomate

Feature Acoelomate Pseudocoelomate

(Eucoelomate)
Present
Absent. Space filled (Pseudocoelom). Not Present (Trge Coelom).
. . . Fully lined by
Body Cavity with mesenchyme/pare fully lined by mesoderm-
nchyma. mesoderm. Derived . .
derived peritoneum.

from the blastocoel.

MK PREPARATIONS: Let’s Make It Happen

+92 333 2605045, +92 342 4470091 Page 2 of 56



L MK PREPARATIONS) . =

~ L

nZO—~=pXpdmRI

Partial mesodermal
lining (externally by Complete mesodermal
Lining No mesodermal lining. . lining (parietal &
muscle, internally by .
visceral layers).
gut).
Schizocoely: Forms
from splits in
mesodermal mass.
Persistence of (Common in
Formation N/A Protostomes).
blastocoel.
Enterocoely: Forms
from outpouchings of the
archenteron. (Common
in Deuterostomes).
Often incomplete (sac- | Complete ("tube-within- | Complete ("tube-within-
GutType like). a-tube"). a-tube").
Hydrostatic skeleton,
Cushioning, hydrostatic cushioning, space for
. complex organ
Functions - skeleton, space for
development, allows
organs. .
independent movement
of gut & body wall.
Annelida, Mollusca,
Exambles Platyhelminthes Nematoda Arthropoda,
P (flatworms). (roundworms), Rotifera. Echinodermata,
Chordata.

Note: In some invertebrates (e.g., arthropods), the coelom is reduced and the main body cavity is
a hemocoel, where hemolymph circulates.

Acoelomate

Flatworm 8

Coelomate

Pseudocoelomate

Body covering
(from ectodenm)

Tissue-filled region
(from mesodenm)

Digestive tract
(from endodenm)

Body covening
(from ectoderm)

Tissue-filled region
{from mesodanm)

Digestive tract
{from endodanm)

Cosalom

Body covering
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Mematode x A Digestive tract /
S (from endoderm) /
Pseudocoelom -
5. Embryonic Development in Triploblastic Animals: Protostomes vs. Deuterostomes
A fundamental phylogenetic split within Bilateria.
MK PREPARATIONS: Let’s Make It Happen
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Deuterostomes (""mouth

Characteristic Protostomes ("'mouth first'")

second')
Radial and indeterminate. Cells

Spiral and determinate. Cells
Cleavage Pattern divide diagonally; fate of each
cell is fixed early.

divide parallel/perpendicular;
cells remain totipotent (can form a
complete embryo if separated).

Develops into the anus; mouth

Fate of Blastopore Develops into the mouth. .
forms secondarily.

Schizocoely: Coelom forms
Coelom Formation from splits within solid
mesoderm.

Enterocoely: Coelom forms from
outpouchings of the archenteron.

From cells near the blastopore

Mesoderm Origin From the wall of the archenteron.

~ L

lip.
Example Phvla Platyhelminthes, Nematoda, Echinodermata,
p y Mollusca, Annelida, Arthropoda. Hemichordata, Chordata.
PROTOSTOME DEUTEROSTOME

1 Blastopore becomes mouth, anus forms secondarily | 1 Blastopore becomes anus, mouth forms secondarily
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Future Future
intestine mouth
4 Futul'e Future
Blastopore Mouth e Blastopore intestine
2 Spiral cleavage 2 Radial cleavage

3 Coelom forms by splitting (schizocoelous) 3 Coelom forms by outpocketing (enterocoelous)

l iBIastocoel I

Mesoderm

Blastocoel Coelom

4 Mosaic embryo

Development
’ —_ @ = . rrested

4-cell 1 blastomere 4-cell 1 blastomere normal
embryo excised embryo excised larvae

nZO—~=pXpdmRI

6. Segmentation (Metamerism)
The body is divided into a series of repeated segments (metameres).
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e Advantages: Allows for redundancy of organs, specialization of segments (tagmatization), and
more efficient, complex locomotion.
e Evolution: Evolved convergently (independently) in Annelida, Arthropoda, and Chordata.
¢ Genetic Control: Mediated by Hox gene regulation during development.
Evolutionary History & Phylogeny of Animals
1. Origins and Fossil Record
e Protistan Ancestor: Molecular and morphological evidence identifies choanoflagellates as the
closest living relatives of animals. Shared genes include those for cell adhesion (cadherins) and
signaling.
e Timeline:

o >770 million years ago (mya): Last common ancestor of all animals.

o Ediacaran Period (~635-541 mya): First macroscopic, soft-bodied animal fossils
(e.g., Dickinsonia). Evidence of early predation.

o Cambrian Explosion (~541-515 mya): Rapid diversification of most major animal
phyla. Appearance of hard mineralized skeletons and bilaterian groups. Drivers likely
included predator-prey arms races, rising oxygen, and genetic innovations (Hox genes).

o Colonization of Land: Arthropods were first (~490-440 mya), followed by vertebrates
(tetrapods ~365 mya).

2. Modern Phylogenetic Framework
Based on combined molecular (DNA/RNA) and morphological data.
e Metazoa (Kingdom Animalia): Monophyletic.

o Porifera (Sponges): Basal metazoans. Lack true tissues and symmetry. Sister group to
all other animals. (Note: Some debated studies place Ctenophora as basal).

o Eumetazoa ("True Animals'): Possess true tissues.

= Ctenophora (Comb Jellies): Diploblastic?; swim via ciliary combs;
use colloblasts for prey capture. Phylogenetic position contested.
= Cnidaria: Diploblastic, radially symmetrical, with stinging nematocysts.
= Bilateria: Triploblastic, bilaterally symmetrical.
= Xenacoelomorpha (Acoels, etc.): Simple worms. Now considered basal
deuterostomes in many studies.
= Nephrozoa: Contains Protostomes and Deuterostomes.
* Protostomia: Blastopore becomes mouth.
= Spiralia/Lophotrochozoa: Ancestral spiral cleavage;
includes phyla with trochophore larvae and/or
a lophophore feeding structure.
= Ecdysozoa: Defined by ecdysis (molting of a cuticle).
* Deuterostomia: Blastopore becomes anus.

Survey Of Animal Phyla
PHYLUM PORIFERA (SPONGES)

e Parazoa vs. Eumetazoa: Sponges are Parazoa ("beside animals"). They lack true tissues, organs,
and germ layers (no ectoderm, mesoderm, endoderm). This is a key distinction from all other
animal phyla (Eumetazoa).

e Symmetry: Primarily asymmetrical. Some larger forms may exhibit radial symmetry.

e Cellular Level of Organization: Cells are largely independent and totipotent (can change
function). This underpins their remarkable regenerative abilities.

Body Wall & Cellular Components
A sponge is essentially a sac of cells built around a water canal system. The body wall consists of three
layers:
A. Pinacoderm (Outer Layer):
o Composed of pinacocytes (flattened epithelial-like cells).

MK PREPARATIONS: Let’s Make It Happen
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o Contains porocytes (tubular cells) in some sponges (e.g., Leucosolenia), which form

the ostia (incurrent pores).
B. Mesohyl (Gelatinous Matrix):

o The non-living, gelatinous, proteinaceous layer between pinacoderm and choanoderm.
o Functions as a hydrostatic skeleton and connective tissue.

o Contains mobile amoeboid cells:

= Amoebocytes/Archaeocytes: Totipotent cells; phagocytose food, transport
nutrients, secrete skeletal elements, and differentiate into gametes. The most

important cell for regeneration.

= Sclerocytes: Secrete calcareous or siliceous spicules.
= Spongocytes: Secrete spongin fibers (collagenous protein).

= Collencytes: Secrete collagen.

= Lophocytes: Produce collagen; may have a contractile role.
= Myocytes: Modified pinacocytes around oscula; regulate water flow by

contraction.
C. Choanoderm (Inner Layer):

o Composed of choanocytes (collar cells). These are the defining characteristic of the

phylum.

o Structure: Each has a flagellum surrounded by a collar of microvilli.

o Critical Functions:

1. Create Water Current: Flagellar beating drives the entire water canal system.

2. Capture Food: Particles (bacteria, detritus) are trapped on the collar and
phagocytosed. Intracellular digestion occurs within choanocytes.

3. Role in Reproduction: Often transform into sperm cells (spermatocytes).

Osculum
) Collar, Food particles

Mesohyl - _\ ¥ \ g
: ?{ \T\ ‘ |n:mucus )

Porocytes ./ \

-
w2k Spicules
A

Spongocoel ‘ ‘
£ Flagellum Phagocytosis Choanocyte |
- Amoebocyte

L Spicule

Archaeocyte
— Sclerocyte

Mesenchyme

Pinacocyte
Choanocyte

Porocyte

Pore/Ostium

) 9
{ '
.'\
Choanocyte - €7
Amoebocyte s,

\o of food
/ particles
e

Epidermis . 9

Water Canal Systems
Complexity increases from simple to complex, affecting

Structure

Simplest. Vase-
shaped. Spongocoel

Asconoid

Canal

Flagellum

Collar

Exterior | Interior

-

Flow Pathway

Ostia — Spongocoel — Osculum

ge size and efficiency.

Example & Notes

Leucosolenia. Size
limited. Rare.
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lined with
choanocytes.
Folded Ostia — Incurrent Seypha (Grantia)
Walls. Choanocytes Canals — Prosopyles — Radial S Oi/l p ocoel is a no;l-
Syconoid line radial Canals (lined with P ﬁa ellated
canals, not the choanocytes) — Apopyles — Spongoc g
excurrent chamber.
spongocoel. oel — Osculum
Ostia — Incurrent Most Demospongiae
Most Complex & & all large
. Canals — Prosopyles — Flagellated
. Common. Massive . . sponges. No true
Leuconoid . Chambers (lined with
folding. Flagellated spongocoel. Allows
choanocytes) — Apopyles — Excurre .
chambers only. for greater size &
nt Canals — Osculum .
efficiency.
Osculum
Mg L3
gl @% @ wil|¥
RN Y % ) (AR
a3 K LS AT
() (] N ) | NS
7d v | % PESI AN
D G) @ g& ' )
(@9 D‘%) \( k)\_\ ‘},ql
a @ B [ lee
5.4 B & &y
2 f Qo - B e
@ \\Dermal %ﬁ Q& Dermalﬁ /%‘j{,ﬁ?\/
Pore Pore \/2 \-\E /
Asconoid Syconoid Leuconoid
B Choanocytes [|Mesohyl [ |Pinacocytes []Water flow
Skeleton

Provides support and defense.
e Spicules: Needle-like structures.

o Calcareous: Made of Calcium Carbonate (CaCOs). Found only in Class

Calcarea. Shapes: monoaxon, triaxon, tetraxon.

o Siliceous: Made of Hydrated Silicon Dioxide (Si0O-). Found in Hexactinellida &
Demospongiae. Shapes: monoaxon, tetraxon, or complex (e.g., amphidiscs, hexasters).
e Spongin: Flexible, fibrous protein (a form of collagen). Found in Demospongiae (e.g., bath

sponges). May be sole skeleton or bind siliceous spicules.
Physiology

e Feeding & Digestion: Filter feeders (suspension feeders). Entire process

is intracellular (within choanocytes & amoebocytes). No digestive tract.

e Respiration, Excretion, Circulation: Via diffusion directly into/out of cells. No

systems. Amoebocytes aid in distribution.

¢ Nervous/Sensory System: Absent. Localized responses via cell signaling.

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091

Page 7 of 56

=k
X
=
Q
Q
(o)
3
>
3,
3
1
sl




L MK PREPARATIONS) . =

¢ Regeneration: Extremely high. Can regenerate from a single cell or small fragment (somatic
embryogenesis). Asexual reproduction via budding (external buds) or gemmules (internal,
resistant buds in freshwater sponges for harsh conditions).
Reproduction
e Sexual: Most are hermaphrodites (produce both male and female gametes at different times to
avoid self-fertilization).
o Gametes: Derived from choanocytes (sperm) or amoebocytes (eggs).
o Fertilization: Internal (within mesohyl). Sperm enter via water current.
o Larva: Zygote develops into a free-swimming, ciliated larva.
= Parenchymula: Solid larva (Demospongiae).
= Amphiblastula: Hollow larva with anterior flagellated cells (some Calcarea).
o Larval significance: Ensures dispersal. Undergoes metamorphosis upon settling.
e Asexual: Fragmentation, Budding, Gemmules (highly resistant, contain archaeocytes).
Classification

~ L
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Common Spicule Canal Habitat Examples & Key Q
Name Type System Facts
Calcareous . Exclusively . Q
Asconoid, . Leucosolenia (asc
Calcareous (CaCo0:). 2 marine, (@)
P Calcarea ) Syconoid, Le on), Scypha/Grant
Sponges Simple (1-4 . shallow . 5
uconoid. ia (sycon).
R rays). water. >
Siliceous, 6- ~
E r.ayed ST O . Euple'ctella (Venus —
.o (triaxon). . Marine, deep flower 5
Hexactinellida | Glass Sponges Leuconoid,
Often fused . water. basket), Hyalonem
P ) ..+ | often simple. Q
into a rigid a. —
lattice. 5'
A >90% of all
R sponge
Siliceous (n . Marine species. Spongia (
Demospongiae Demosponges ot 6- Exclusively & Freshwate bath
A pong pone rayed) and/ | Leuconoid. " sponge), Euspongi
or Spongin. h a, Hippospongia.
T Freshwater: Spon
gilla.
I Ecological & Economic Importance
e [Ecological:
O o Filter Feeders: Clean vast volumes of water, crucial for water clarity and nutrient
cycling.
N o Habitat: Provide microhabitats for diverse commensal/ symbiotic organisms (e.g.,
shrimp in Euplectella).
o Nutrient Cycling: Link pelagic and benthic food webs via production of detritus.
S o Bioindicators: Sensitive to pollution.

e Economic/Biomedical:
o Bath Sponges: Spongia spp. (lacking spicules, only spongin).
o Sources of Bioactive Compounds: Antiviral (e.g., AZT derived from sponge
compounds), anticancer, antibiotic agents.
o Models for Regeneration & Stem Cell Research.
o Symbiosis: Host photosynthetic symbionts (cyanobacteria, zooxanthellae).
PHYLUM CNIDARIA (JELLYFISH, CORALS, ANEMONES)

MK PREPARATIONS: Let’s Make It Happen
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e Grade of Organization: Tissue-level organization (Diploblastic). A major evolutionary
advancement over Porifera. Cells are organized into distinct tissues, but not complex organs.

e Germ Layers: Diploblastic = Ectoderm (epidermis) and Endoderm (gastrodermis), separated
by a non-living, gelatinous Mesoglea.

e Symmetry: Radially symmetrical around a central oral-aboral axis. Allows interaction with
environment from all sides—ideal for sessile or drifting life.

e The Cnidarian "Arms Race': Possession of cnidocytes is their defining adaptive breakthrough,
making them efficient predators.

The Cnidocyte & Nematocyst: A Biological Weapon System

e Cnidocyte: The specialized cell containing the stinging organelle. Found predominantly in

the epidermis, especially on tentacles.

~ L

CNIDOCYTE
__— Tube
Cnidocil & Spines
(trigger) ~ Operculum P
h | Stylet

Capsule
Nucleus
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¢ Nematocyst: The intracellular capsule within the cnidocyte.

o Structure: A coiled, hollow, barbed thread inside a pressurized capsule filled with
toxins.

Trigger: Activated by a combination of chemical and tactile stimuli via the cnidocil (a
modified cilium).

o Discharge Mechanism: One of the fastest cellular processes in nature. Increased
osmotic pressure within the capsule causes the thread to evert explosively, penetrating or
entangling prey.

o Types & Functions:

= Penetrants: Inject venom (hypnotoxin). Used for prey capture/defense.

=  Glutinants: Sticky threads for adhesion.

= Volvents: Entangling threads for immobilization.

Body Forms: Polyp Vs Medusa

nZO—~=pXpdmRI

. Bell or umbrella-shaped, free-

Shape Tubular, sessile. Mouth-up. swimming/pelagic. Mouth-down.

Mesoglea Thin, mostly acellular. Thick, g_e latinous (often cellular
= collenchyme).

Life Cycle Typically asexual (budding). Typically sexual (produces gametes).

Role Often dominant in Hydrozoa & Anthozoa. Dominant in Scyphozoa & Cubozoa.

Locomotion Sedentary§ may perfgrm Active swimming by.Jet propulsion (bell
somersaulting/glochiding. pulsations).
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Examples

Hydra, sea anemone, coral polyp.

True jellyfish (Aurelia), box jelly.

N

e Metagenesis (Alternation of Generations): Exhibited by many cnidarians (e.g., Obelia).
The asexual polyp stage produces sexual medusae via budding, and the medusae produce
gametes that fuse to form a planula larva, which settles to become a new polyp. Not
universal (absent in Hydra, Anthozoa).

Anatomy & Physiology

e Gastrovascular Cavity:
A blind sac with a single opening functioning as both mouth and anus.
Functions: Extracellular digestion begins here (enzymes secreted by gastrodermis),
followed by intracellular digestion in gastrodermal cells. Also acts as a hydrostatic
skeleton for support and movement.

@)
@)

~ L

Class

Classification

Mouth/anus

/ Tentacle

Polyp

Polyp vs. Medusa \

cavity

Key Features

- Velum present in

Gastrovascular

Gastrodermis

Mesoglea
Epidermis
Tentacle —
Mouth/anus
Medusa

Mesoglea

¢ Nervous System: A primitive, decentralized nerve net with some sensory cells. Allows for
coordinated but slow responses (e.g., feeding reflex). No central brain.
e Respiration & Excretion: Occurs via diffusion across body surfaces.

Examples
Obelia (classic
metagenesis model).
Hydra (atypical: no

nZO—~=pXpdmRI

. medusa medusa, no colony,
Bo.th forms, ofien.in (craspedote). freshwater).
life cycle. Polyp
Hydrozoa sta éis - GVC simple (no Acellular Physalia (Portuguese
often c%) lonial partitions). Man-O-War) is
’ - Freshwater & a complex
marine. colony (polymorphism:
gastrozooid, gonozooid,
etc.).
- Medusa lacks a "
true velum True
Medusa (acraspedote) Jellyfish." Aurelia (moo
Scyphozoa dominant. Polyp _ GVC has radial Cellular (collenchy n jelly). Life cycle
reduced to a canals and me) involves ephyra
small scyphistoma. often gastric larva budding from
filaments. scyphistoma.
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- Rhopalia present
(statocyst + ocelli).

- Medusa
is square-shaped
(box) in cross-
section.

Medusa _ Possess complex Box Jellies. High
Cubozoa dominant. Polyp P Cellular degree of neural
stage very brief. eyes on rhopalia. organization
’ - Extremely potent ’
neurotoxins (e.g.,
Chironex, "sea
wasp").
- GVC divided Subclass
. Hexacorallia: Sea
by mesenteries i
(septa) with cnidoc anemones (solitary, no
skeleton), Hard/Stony
ytes on
. corals
gastrodermis. (secrete calcareous
Polyp only. No - Often Acellular (often
Anthozoa . . . exoskeleton, form
medusa stage. form symbiosis with amoebocytes)
with reefs).
zooxanthellae (al Subclass
N & Octocorallia: Soft
I corals, sea fans, sea
- Exclusively ;
: pens (polyps with 8
marine. .
pinnate tentacles).
Reproduction

¢ Asexual: Budding (common in polyps), fragmentation, pedal laceration (in anemones).

e Sexual: Usually dioecious (separate sexes) in medusae, but some polyps

are monoecious (e.g., Hydra). Gametes are often shed into the water.
e Larva: The Planula Larva is a characteristic, ciliated, free-swimming diploblastic larva
resulting from sexual reproduction. It settles and metamorphoses into a polyp.

Ecological & Economic Importance

e Coral Reefs: Built by hermatypic (reef-building) corals (Anthozoa). Among the world's most
productive and biodiverse ecosystems. Provide shoreline protection.

e Symbiosis: Famous examples: Clownfish & sea anemone, Zooxanthellae & corals (essential
for coral growth and reef building).

e Threats: Coral bleaching (expulsion of zooxanthellae due to thermal stress), ocean acidification.

e Medical Research: Neurotoxins studied for neurological drugs. Green fluorescent protein (GFP)
from jellyfish revolutionized molecular biology.

PHYLUM CTENOPHORA (COMB JELLIES)

o Habitat: Exclusively marine. Mostly pelagic (open water), though some are benthic.

e Symmetry: Biradial Symmetry. A combination of radial and bilateral traits. They have two
planes of symmetry: one through the tentacles and one through the pharynx. This is a key

distinction from the pure radial symmetry of Cnidaria.

Body Plan: Often described as diploblastic, but with a major complication: their muscles are
mesoderm-derived. This places them in an evolutionary gray area, suggesting a triploblast-like
condition or independent evolution of a third layer.

Defining Feature: Eight rows of ciliary '""comb plates" (ctenes). These are their locomotory
organs, not tentacles.
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e The "Neural Net": Possess a nerve net, but it is concentrated beneath the comb rows. They
have a unique aboral sensory organ (statocyst) for balance.
Locomotion: The Comb Rows
e Structure: Each comb row consists of numerous transverse plates of fused cilia called ctenes.
e Mechanism: The cilia beat in a coordinated, metachronal rhythm, propelling the animal. They
are the largest ciliary structures used for locomotion in the animal kingdom.
e Control: Beating is controlled by the aboral statocyst and the nerve net. Comb rows often
exhibit bioluminescence, especially when disturbed.
Feeding Biology: Colloblasts Vs. Nematocysts

Feature Ctenophores (Colloblasts) Cnidarians (Nematocysts)

Cell Type Colloblast (adhesive cell) Cnidocyte (stinging cell)

Sticky secretion (glycoprotein) to

Mechanism
entangle prey. Non-venomous.

Harpoon-like penetration injecting venom.

Function Prey capture only (entanglement). Prey capture & defense.

Digestive System
Represents an evolutionary advancement over the Cnidarian gastrovascular cavity.

e Complete through-gut: A mouth leads to a pharynx, then to a complex gastrovascular
system with meridional canals running under the comb rows and transverse canals.

e Anal Pores: Two anal pores open near the aboral sensory organ. They primarily expel water
and soluble wastes. Undigested solids are often regurgitated through the mouth.

e Significance: This one-way flow is more efficient than a blind sac and is considered a step
toward the complete digestive tracts of higher animals.

Phylogenetic Significance
Ctenophora's position on the animal tree of life is one of the most heated debates in modern
phylogenetics.

o Traditional View: Ctenophora were placed as sister to Cnidaria in a group called Coelenterata,
due to their gelatinous, diploblastic, radial nature.

e Modern Molecular View (Ctenophora-Sister Hypothesis): Many genomic studies suggest
Ctenophora diverged before Porifera, making them the sister group to all other animals. This
challenges fundamental ideas about early animal evolution.

o Implications: If true, features like nerves, muscles, and the through-gut either evolved
independently in ctenophores or were lost in sponges.

e Alternative View: Other analyses place them as sister to Cnidaria, or even within Bilateria.

e Exam Takeaway: Understand that their phylogeny is controversial and a key example of how
molecular data is reshaping classical taxonomy.

Reproduction & Development

¢ Reproduction: Almost all are simultaneous hermaphrodites (possess both male and female
gonads).

¢ Development: Direct development (no distinct larval stage). The free-swimming juvenile
resembles a small adult (cydippid larva).

e Fertilization: Usually external. Gametes are shed through the mouth or body wall.

Classification
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Key Feature

Possess two long, branched
Tentaculata | tentacles sheathed in tentacle sheaths. Most
common class.

Pleurobrachia (sea
gooseberry), Cestum (Venus' girdle).
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Lack tentacles entirely. Capture prey with a Beroe (a predatory comb jelly that feeds

Nuda large, sticky mouth. on other ctenophores).

Ecological & Economic Importance

¢ Predators: Key planktonic predators, influencing zooplankton populations.

e Invasive Species: Some, like Mnemiopsis leidyi, are notorious invasive species. Introduced to the
Black and Caspian Seas, they caused catastrophic fishery collapses by consuming fish larvae
and outcompeting other plankton feeders.

e Bioluminescence: Major source of bioluminescence in the open ocean.

PROTOSTOMES

LOPHOTROCHOZOA
PHYLUM PLATYHELMINTHES (FLATWORMS)
Evolutionary Significance & Body Plan
¢ Evolutionary Milestone: The simplest triploblastic, bilaterally symmetrical animals. This
represents a major transition from radial body plans.

o Triploblasty: Three embryonic germ layers — Ectoderm, Mesoderm, Endoderm.
Mesoderm allows for complex organs and muscle masses.

o Bilateral Symmetry: Enables cephalization (concentration of sense organs/nerves at the
anterior end) and directional movement.

¢ Body Cavity: Acoelomate. No body cavity (coelom) between the body wall and gut. The region
is filled with a parenchyma (a loose, mesodermally-derived connective tissue).
¢ Body Shape: Dorsoventrally flattened. Increases surface area for diffusion of gases and wastes
(no respiratory/circulatory systems). This shape is a key adaptation.
Organ Systems
A. Digestive System:

o Incomplete gastrovascular cavity (GVC). A single opening (mouth) serving as both
entrance and exit.

o In Turbellarians (e.g., Dugesia), the mouth is often on the ventral side and leads to
a muscular pharynx that can be extended. The intestine is branched (diverticula) to
distribute nutrients throughout the body.

o Cestodes (Tapeworms): No digestive system. Absorb nutrients directly across the body
surface (tegument).

B. Excretory/Osmoregulatory System:

o Protonephridia: A network of fine tubules.

o Terminal "Flame Cells" (Solanocytes): Bulb-like cells with a tuft of beating cilia that
resemble a flickering flame. They create a negative pressure, drawing in interstitial fluid
and filtering waste.

o Function: Primarily osmoregulation (water balance) in freshwater flatworms; also
excretory. Wastes exit via nephridiopores.

C. Nervous System:

o Cephalization: Anterior cerebral ganglia (simple "brain").

o '"Ladder-type" Nervous System: Two longitudinal nerve cords connected by
transverse commissures, resembling a ladder. More centralized and efficient than a
diffuse nerve net.

o Sensory Structures: Ocelli (light-sensitive eyespots), auricles (chemoreceptive lobes),
and statocysts (balance) in free-living forms.

D. Reproductive System:

o High Regenerative Capacity: Especially in planarians (Turbellaria). Driven

by neoblasts (totipotent stem cells). A classic model for regeneration studies.
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o Complex Hermaphroditism: Most are simultaneous hermaphrodites (have both malc
and female organs).
= Male: Testes, sperm ducts, seminal vesicles, cirrus (penis-like organ).
= Female: Ovaries, oviducts, vitelline glands (yolk), seminal
receptacle, ootype (chamber for egg assembly), Mehlis' glands (lubrication).
o Cross-fertilization is the rule to ensure genetic variation.
o Parasitic forms have extremely high fecundity (e.g., tapeworm proglottids packed with
eggs).
E. Absent Systems: No dedicated circulatory or respiratory systems. Gases exchange via
diffusion across the body surface.
Classification & Major Groups

(Mnemonic: Teenage Turtles Fig

Habitat &

ht Creatures = Turbellaria, Trematoda, Cestoda)
Key

Class/Clade . Morphological Examples
Lifestyle Adaptations
Free- - Ciliated epidermis
living. Mostly | with rhabdites (def
TNATID Sl ©1151Ve mucts rods). Dugesia (planarian): Model organism for
. freshwater (e.g., - Protusible ) . .
Turbellaria ) regeneration & neurobiology. Auricles for
planaria), few pharynx for .
# . chemoreception.
terrestrial. feeding.
Predators/Scave | - Well-developed
ngers. sense organs.
- Syncytial
Tegument: A non-
All ciliated, living

Neodermata (P
arasitic Classes)

parasitic. "Neo
dermis" = new

cytoplasmic layer
resistant to host
enzymes and

Key evolutionary adaptation for
parasitism.

- Strobila: Chain

skin. .
immune
response. #1
adaptation.
- Oral
sucker (around
moutlglfck::ntral Fasciola hepatica (Sheep/Liver
fluke): Life cycle: Adult (sheep bile duct)
(acetabulum) for A .
— egg — miracidium — snail (sporocyst
attachment . . .
> Trematoda . . — redia — cercaria) — metacercaria (on
Endoparasites. - Complex life .
(Flukes) . plant) — herbivore.
cycles with 2+ ;
. Schistosoma (Blood
hosts. First . . -
. . fluke): Dioecious! Causes schistosomiasis/
intermediate host . . - .
. bilharzia. Cercaria penetrates human skin.
is always a
MOLLUSK
(snail).
- Scolex: Head Taenia solium (Pork tapeworm):
Endoparasites with suckers and Scolex: 4 suckers + hooked rostellum.
> Cestoda . . . .
(Tapeworms) of vertebrate often rostellum 2nd host: Pig. Human infection: Ingestion
P intestines. with hooks. of cysticercus in undercooked pork (adult

worm) OR ingestion of eggs
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of proglottids (bod (causes cysticercosis, tissues cysts).
y units) produced Taenia saginata (Beef
by neck. tapeworm): Unhooked scolex.
- No digestive
system.
- Proglottid

maturation: Immat
ure — Mature
(functional
hermaphrodite) —
Gravid

Parasitic Adaptations

Flatworms exemplify key parasitic adaptations:

1. Neodermis/Tegument: For protection and nutrient absorption.

Attachment Organs: Suckers, hooks, spines.

Simplified Sensory/Nervous Systems: Reduced in parasites.

High Reproductive Output: Millions of eggs to overcome low odds of transmission.

Complex Life Cycles: Involving multiple hosts to facilitate dispersal, often with infective

stages (cercaria, cysticercus).

Medical & Economic Importance

o Diseases: Schistosomiasis , cysticercosis/neurocysticercosis, fascioliasis

e Zoonoses: Many are zoonotic (e.g., Taenia, Echinococcus).

e Veterinary Impact: Major economic losses in livestock.

PHYLUM MOLLUSCA

Evolutionary Significance & General Characteristics

e Diversity: Second largest animal phylum (after Arthropoda). Extremely successful in marine,

freshwater, and terrestrial habitats.

e Body Plan Innovation: The molluscan body plan is a major evolutionary theme, demonstrating

how a basic blueprint can be modified for diverse lifestyles.

Symmetry & Germ Layers: Bilateral symmetry (some secondarily lost, e.g., gastropod

torsion). Triploblastic.

e Body Cavity: True coelomate, but the coelom is greatly reduced to small cavities around the

heart (pericardium), gonads, and kidneys. The main body cavity is a hemocoel (blood-filled

space) in an open circulatory system.

Generalized Molluscan Body Plan

1. Head: Contains mouth, sensory organs (eyes, tentacles). Reduced/lost in Bivalvia.

2. Muscular Foot: Ventral, for locomotion (creeping, burrowing, attachment). Highly modified in

Cephalopoda (into arms/tentacles).

3. Visceral Mass: Dorsal concentration of digestive, circulatory, excretory, and reproductive organs.

4. Mantle & Mantle Cavity:

o Mantle: A dorsal fold of body wall that envelops the visceral mass. Secretes
the calcareous shell (if present).

o Mantle Cavity: The space between mantle and body. Houses gills (ctenidia) and
openings for anus, excretory pores, and gonopores. Its functions are respiration,
excretion, and release of gametes. In terrestrial forms, it becomes a lung.

5. Shell: Typically three-layered:

o Periostracum (outer organic layer)
o Prismatic Layer (middle calcareous)
o Nacreous Layer (inner pearly layer; secreted continuously by mantle)

~ L
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Mantle Coelom Intestine Gonad Shell

o

igestive

e ] - gland
\ Stomach

Foot

Mouth
Visceral
Radula cords Crop mass Heart
Adaptations & Systems
A. Radula: The unique molluscan feeding organ. A ribbon-like membrane with rows
of chitinous teeth. Used for scraping, drilling, or tearing food. Absent in Bivalvia.
B. Circulatory System:
o Mostly Open: Heart (1 ventricle, 2 atria) pumps blood into hemocoel, where it bathes
tissues directly before returning via gills. Slower, low-pressure.
o  Cephalopods: Closed circulatory system (blood confined to vessels). Allows for higher
metabolic rate and active predation.
C. Respiratory System:
o Ctenidia: The characteristic gills in the mantle cavity. Filament structure varies.
o Secondary Gills/Lungs: Nudibranchs (skin), terrestrial snails (vascularized mantle
cavity = lung).
D. Excretory System: Metanephridia (kidneys). Typically one or two, collecting wastes from
the coelom (pericardial cavity) and releasing them into the mantle cavity.
E. Nervous System: Varies from simple (Bivalvia) to highly complex (Cephalopoda). Generally,
paired ganglia (cerebral, pedal, visceral) connected by nerve cords.
Development & Larval Stages

e Trochophore Larva: A free-swimming, planktonic, ciliated larva shared with Annelida,
indicating an evolutionary link.

e Veliger Larva: (In most marine gastropods & bivalves). A later larval stage with the beginnings
of a foot, shell, and mantle. The velum (ciliated lobe) is used for swimming and feeding. A key
dispersive stage.

¢ Direct Development: Common in terrestrial and freshwater species.

Classification
(Mnemonic: Please Give Breakfast Carefully = Polyplacophora, Gastropoda, Bivalvia,
Cephalopoda)

Key Shell Foot & Feeding & Examples
Distinguishing Locomoti Radula
Features on
Polyplacophora "Many plate 8 Broad, flat Radula Chitons. Primitive
bearers." Dors | overlapping foot for present. He features: multiple
oventrally dorsal plates | adhesion rbivorous gills, simple nervous
flattened. (valves). & grazers on system, no cephalic
creeping. rocks. eyes. Mantle cavity
runs as lateral
grooves.
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Gastropoda ""Stomach Coiled, Large, flat Radula Snails, Slugs,
foot." Largest single foot for highly Nudibranchs,
class. shell (often), | creeping. | varied: herb Limpets.
Underwent tors or ivore Torsion: 180°
ion. reduced/abse (rasping), twisting of visceral
nt (slugs). carnivore mass during
(drilling), | development. Conseq
harpoon uences: Mantle cavity
(cone snail). & anus move
anteriorly (above
head). Hypotheses: L
arval protection,
better sense direction.
Coiling: Separate
from torsion; allows
larger visceral mass.
Bivalvia "Two Two hinged Hatchet- Filter Clams, Oysters,
(Pelecypoda) valves." Lateral shells shaped | feeders. NO | Mussels, Scallops.
ly compressed. | (valves) conn | foot for RADULA. Pearl
ected by burrowing | Use gills mo | formation: Response
ligament, (clams) dified for to irritant; nacre
closed by or byssal feeding secretion by mantle.
adductor threads fo | (ctenidia — | Scallops: Escape by
muscles. T lamellibranc jet propulsion
attachment h gills). (clapping valves).
(mussels). | Incurrent &
excurrent si
phons.
Cephalopoda "Head External Foot Radula + Squid, Octopus,
foot." Most (Nautilus), modified Beak Cuttlefish, Nautilus.
advanced internal into arms | (modified Adaptations for
molluscs. (squid - pen, & jaws). Activ Predation:
cuttlefish - tentacles | e predators. 1. Closed
cuttlebone), with Circulatory System.
or absent suckers/ho 2. Complex
(octopus). oks. eyes (camera-type,

convergent with
vertebrates).

3. Well-developed
brain & learning
ability.

4. Chromatophores f
or camouflage &
communication.

5. Ink sac for
defense.

Ecological & Economic Importance

¢ Ecological Roles: Herbivores, predators, filter-feeders (critical for water clarity), prey items,

bioindicators.

¢ Food Source: Oysters, mussels, clams, scallops, squid, octopus.
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e Pearl & Shell Industry: Mother-of-pearl, pearls (from bivalves).
o Pests: Terrestrial slugs/snails (agriculture), shipworms (boring clams damage wood), zebra
mussels (invasive, clog pipes).
e Medical Research: Squid giant axons (neurophysiology), cone snail toxins (painkillers like
Ziconotide).
PHYLUM ANNELIDA (SEGMENTED WORMS)
EVOLUTIONARY SIGNIFICANCE & GENERAL CHARACTERISTICS
¢ Key Innovation: Metamerism (True Segmentation). The body is divided into a linear series of
similar, compartmentalized units called metameres or somites. This is a major evolutionary
advancement allowing for:
1. Specialization of body regions (tagmatization).
2. Redundancy of organs for safety.
3. Improved locomotion via independent muscular control of segments.
4. Greater body size.
e Symmetry & Germ Layers: Bilaterally symmetrical, triploblastic.
¢ Body Cavity: True coelomate with a large, fluid-filled schizocoelous coelom (formed by
splitting of mesoderm). The coelom acts as an efficient hydrostatic skeleton.
BODY WALL & LOCOMOTION
e Body Wall: Consists of cuticle, epidermis, circular muscles, and longitudinal muscles. This
arrangement enables peristaltic movement.
e Locomotory Structures: Key for class distinction.
o Chaetae/Setae: Chitinous bristles projecting from the body wall. Provide traction
against the substrate.
o Parapodia: Fleshy, lateral appendages (in Polychaetes) used for swimming, crawling,
and respiration (highly vascularized).
INTERNAL ANATOMY & ORGAN SYSTEMS
A. Digestive System: Complete and straight, running from mouth to anus. Specialized regions
include:
o Pharynx: Muscular, may be eversible (in predators) or protrusible (earthworm).
o Crop: For storage.
o Gizzard: For grinding (in earthworms).
o Typhlosole: Dorsal fold of intestine in earthworms to increase absorptive surface area.
B. Circulatory System:
o Closed circulatory system. Blood remains within vessels.
o Contains hemoglobin (dissolved in plasma in earthworms; in RBCs in some
polychaetes).
o Dorsal vessel (contractile, pumps blood anteriorly), ventral vessel (distributes
posteriorly), and connecting capillaries. Aortic arches ("hearts") in earthworms.
C. Respiratory System: No specialized organs in most. Gas exchange occurs
via diffusion across the moist body wall (earthworms, leeches) or
through parapodia/gills (polychaetes).
D. Excretory System: Paired metanephridia per segment (except first and last). Each is an
open, ciliated funnel (nephrostome) that collects wastes from the coelom and releases them via
a nephridiopore. More advanced than protonephridia.
E. Nervous System: Ventral nerve cord with a pair of ganglia per segment, connected by a
double nerve cord. Anterior supraesophageal and subesophageal ganglia form a simple "brain."
Allows for coordinated but segmentally independent movement.
Reproduction & Development
¢ Polychaetes: Usually dioecious (separate sexes). No permanent gonads; gametes arise from
coelomic lining. Fertilization is external. Characteristic free-swimming trochophore larva.
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e Clitellates (Oligochaeta & Hirudinea): Hermaphrodites (monoecious) with reciprocal cross-
fertilization.
Clitellum: A glandular, saddle-like structure (secretes mucus and cocoon). Key feature

o

(@]
Classification

for reproduction.

Development is direct (no larval stage) within a cocoon.

(Mnemonic: Polychaetes Play, Oligochaetes Work, Hirudinea Suck = Polychaeta, Oligochaeta,

Hirudinea

Habitat &
Lifestyle

Locomotory
Structures

Head &

Sensory
Organs

Reproduction

Examples

Nereis (sandwo

rm/ragworm):
Errant predator.
Mostly Well- Pharynx
marine. Erran . . e
. . developed Dioecious. with chitinous
tia (free- Parapodia (w ) .
moving ‘th head with pro E{;terpal jaws.
Polychaeta stomium (ofte | fertilization. T | Arenicola (lug
predators) and | numerous cha .
. n with eyes, rochophore | worm): Sedent
Sedentaria etae) present. . .
. tentacles, larva. aria. Inhabits U-
(tube-dwelling
palps). shaped burrow.
filter feeders). .
Tubiculous
forms: Chaetop
terus, Sabella.
Pheretima
posthuma (eart
hworm):
Ecology: "Ecos
ystem
Hermaphrodit engineers" —
Chaetae Head reduced . Cross- acrate soil, form
Freshwater & fertilization | humus, improve
. present (few (no eyes, N X o
. terrestrial (m via copulatio fertility
Oligochaeta . ) per tentacles). % .
oist soil). n. Clitellum | (vermicompost
. segment). No | Photoreceptor . .
Detritivores. aranodia cells present present. Direc ing).
parap ) P ’ t Anatomy: Typ
development. hlosole,
chloragogen
cells (for
metabolism &
excretion), sept
al nephridia.
No chaetae or . Hirudo
. Hermaphrodit ..
parapodia. B medicinalis (m
e. Cross- . .
Mostly ody has o edicinal leech):
. fertilization. C o
o freshwater pa | superficial an . Parasitic
Hirudinea . . . Head reduced. litellum .
rasites/predato | nuli. Anterior resent (onl Adaptations:
IS. & P durin Y 1. Triradiate
posterior suck ne jaw with teeth
breeding).
ers for to make an
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locomotion & Direct incision.
attachment. development. 2. Secretes
anticoagulant
— Hirudin.
3. Anesthetic in
saliva.

4. Distensible
gut for storing
large blood
meals.
Medical
Use: Hirudoth
erapy for
microsurgery,
venous
congestion.

Special Adaptations
Regeneration: High regenerative capacity, especially in polychaetes and some oligochaetes. Can
regenerate lost segments (epimorphosis) or reorganize from fragments (morphallaxis).
e Autotomy: Some polychaetes can shed body parts to escape predators.
e Bioluminescence: Some marine polychaetes (e.g., Chaetopterus) are bioluminescent.
e Symbiosis: Tube worms (e.g., Riftia in hydrothermal vents) host chemosynthetic bacteria.
Ecological & Economic Importance
e Polychaetes: Key links in marine food webs. Indicator species. Some are biofoulers.
¢ Oligochaetes (Earthworms): Vital for seil health (acration, drainage, mixing, nutrient
cycling). Vermiculture/Vermicomposting is a sustainable agricultural practice. Used as fishing
bait.
e Hirudinea (Leeches): Historically and in modern medicine for bloodletting and microsurgery.
Some are vectors for parasites (e.g., Trypanosoma in fish). Predatory leeches control snail
populations.

Other Lophotrochozoan Phyla
PHYLUM ROTIFERA ("WHEEL BEARERS")
General Characteristics

o Habitat: Primarily freshwater (damp moss, ponds), some marine and terrestrial in water films.
Important component of zooplankton.

e Size: Microscopic (0.1-0.5 mm). A key example of the "small but complex" body plan.

e Symmetry & Germ Layers: Bilateral, triploblastic.

¢ Body Cavity: Pseudocoelomate. Fluid-filled pseudocoel acts as a hydrostatic skeleton and for
simple circulation.

Distinguishing Anatomical Features

e Anterior Corona (Crown): A distinctive, ciliated structure that creates water currents for filter-
feeding and locomotion. Beating cilia resemble a rotating wheel, giving the phylum its name.

e Mastax (Trophi): A unique, complex muscular pharynx containing a hard, jaw-like apparatus
made of chitin (trophi). Used to grind or grasp food (algae, bacteria). Trophi morphology is a
key taxonomic diagnostic feature.

¢ Foot and Toes: Posterior end often has a segmented foot with adhesive toe glands for temporary
attachment.

Reproduction & Life Cycle
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e Classic Example of Parthenogenesis: Many species exhibit heterogony—alternation between
parthenogenetic and sexual phases.
o Amictic Females (Diploid): Produce diploid eggs by mitosis that
develop parthenogenetically into more females. Dominant during favorable conditions.
o Mictic Females (Haploid): Triggered by environmental stress (crowding, desiccation).
Produce haploid eggs by meiosis.
= Ifunfertilized — develop parthenogenetically into males (small, short-lived,
simplified).
= If fertilized by a male — form a highly resistant, dormant zygote (resting
egg) that survives harsh conditions. Hatch as amictic females.
e Significance: Model for studying reproductive strategies, evolution of sex, and cryptobiosis.
Ecosystem Role & Examples
¢ Ecological Importance: Crucial link in microbial loop—graze on bacteria and algae, and are
food for larval fish and invertebrates.
e Example Genera: Brachionus, Philodina, Rotaria.
LOPHOPHORATE PHYLA: BRYOZOA & BRACHIOPODA
These are three, distinct, coelomate phyla united by a shared feeding structure, suggesting possible
common ancestry.

~ L

The Defining Feature
¢ Structure: A horseshoe-shaped or circular ring of hollow, ciliated tentacles surrounding the
mouth but NOT the anus.

¢ Function: A suspension-feeding apparatus. Cilia create currents, trapping food particles
(phytoplankton) and directing them to the mouth. Also functions in gas exchange.
PHYLUM BRYOZOA ("MOSS ANIMALS") / ECTOPROCTA
¢ General Characteristics: Almost entirely colonial (zoaria), marine (a few freshwater).
Individual units are zooids.
¢ Key Features & Adaptations:
o Zooecium: Each zooid secretes a protective, often calcified, chitinous or gelatinous
case it lives within.
o Polymorphism: Colonies show division of labor via specialized zooids:
* Autozooids: Responsible for feeding (with lophophore).
= Kenozooids: For attachment.
= Avicularia: Jaw-like zooids for defense.
= Vibracula: Bristle-like for cleaning.
o Reproduction: Zooids are hermaphroditic. Asexual reproduction by budding builds the
colony. Sexual reproduction produces a free-swimming cyphonautes larva.
¢ Ecological Role: Important biofouling organisms on ship hulls and pipes. Form
significant benthic habitat. Major contributors to the fossil record since Ordovician.
e Example: Bugula (common marine fouling bryozoan).
PHYLUM BRACHIOPODA ("LAMP SHELLS")
e General Characteristics: Solitary, exclusively marine, mostly sessile. Superficially resemble
bivalve mollusks but are completely different internally.
o Key Features & Adaptations (Comparative Focus with Bivalvia):
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Brachiopoda Bivalvia (Mollusca)
Shell .
Valves Dorsal & Ventral (upper & lower). Left & Right (lateral).
Valves are unequal (ventral usually larger). . Yalves are usually egual. Body
Symmetry Body itself is bilaterally symmetrical is bilaterally symmetrical across the
) valves.
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Pedicle A fleshy, stalk-like pedicle for attachment Uses a muscular foot for burrowing or
emerges from the ventral valve. byssal threads for attachment.
Feeding Lophophore inside mantle cavity. Gills (ctenidia), F;:Z?;;Odlﬁed for filter-

e Anatomy: The lophophore is large, often coiled (spiralia), and supported by an
internal calcareous brachidium.

¢ Fossil Record: Extremely abundant and important in Paleozoic seas (""Paleozoic Fauna'").
Used as index fossils for dating rock strata. Major groups: Articulata (hinged valves)
and Inarticulata (unhinged, chitinophosphatic shells).

o Examples: Lingula (a "living fossil," inarticulate), Terebratulina (articulate).

Ecdysozoa
PHYLUM NEMATODA (ROUNDWORMYS)
Evolutionary Position & General Characteristics
¢ Ubiquity: One of the most abundant and ubiquitous animal groups. Found in every conceivable
habitat—marine, freshwater, terrestrial, polar, and as parasites in nearly all plant and animal
species. A teaspoon of fertile soil may contain thousands of nematodes.
¢ Body Plan: Triploblastic, bilaterally symmetrical, pseudocoelomate.
¢ Body Shape & Covering: Cylindrical, unsegmented, with tapered ends. Covered by a tough,
flexible, and collagenous non-living cuticle that is periodically molted (ecdysis). This places
them in the superphylum Ecdysozoa, along with arthropods.
e Body Cavity: A fluid-filled pseudocoel that acts as a hydrostatic skeleton and facilitates
transport of nutrients and wastes.
Internal Anatomy & Physiology
A. Musculature & Locomotion: Possess only longitudinal muscles (no circular muscles). This
results in their characteristic whiplash, thrashing, or sinusoidal motion as they bend
dorsoventrally against the pressure of the hydrostatic skeleton and cuticle.
B. Digestive System: Complete digestive tract (mouth — pharynx — intestine — rectum —
anus). A major advancement over flatworms.
o Pharynx: Often muscular and triradiate (triangular in cross-section), used for sucking
food.
C. Excretory System: Two main types, both simple:
o Glandular Type: One or two large renette cells in the pseudocoel (e.g., Ascaris).
o Tubular Type: A longitudinal excretory canal with a pore.
D. Nervous System: A circum-pharyngeal nerve ring (serving as a "brain") with longitudinal
nerve cords (dorsal and ventral).
E. Absent Systems: No dedicated circulatory or respiratory systems. Relies on diffusion and
pseudocoelomic fluid transport.
Reproduction & Development
e Sexes: Usually dioecious (separate sexes), with distinct sexual dimorphism. Males are typically
smaller with a curved posterior end and copulatory spicules.
¢ Development: Direct, with four juvenile stages (L1-L4) separated by molts. Often highly
resistant to environmental extremes.
¢ Fertilization: Internal. Females often lay enormous numbers of eggs (high fecundity), a key
parasitic adaptation.
Parasitic Adaptations
Parasitic nematodes exhibit remarkable adaptations:
1. Resistant Cuticle: Protects against host digestive enzymes and immune responses.
2. Reduced Sensory Structures: In endoparasites.
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3. Complex Life Cycles: Often involve intermediate hosts and migration within the definitive

host.

4. High Reproductive Output: Millions of eggs.

5. Dormant/Infective Stages: Thick-shelled eggs or encysted larvae that survive harsh external

conditions.

Major Groups & Parasites Of Medical/Veterinary Importance

(Mnemonic: Nematodes Are Very Wiggly Parasites
= Ascaris, Wuchereria, Enterobius, Ancylostoma, Trichinella)

Parasite & Disease

Primary Host & Site

Transmission Route

Key Features & Life

Cycle Points

Largest nematode
parasite. Complex
migration: Hatched

duodenale | Necator
americanus (Hookwor

Humans (Small
Intestine).

penetration by filarifor
m larva from

Ascaris Fecal-oral. Ingestion of | larva — intestinal wall
lumbricoides (Giant Humans (Small - he
. . embryonated eggs from | — bloodstream — lungs
Intestinal Intestine). . ;
contaminated soil/food. — coughed &
Roundworm) .
swallowed — adult in
intestine. Causes
malnutrition, blockage.
Causes Lymphatic
Filariasis
(Elephantiasis). Adults
Wuch‘eref'm . Fimans (Lymphatig Blologlc.al block lymphatics —
bancrofti (Filarial vesscls) vector: Mosquito (e.g., severe
Worm) ' Culex, Anopheles). edema. Microfilariae ci
rculate in blood
with nocturnal
periodicity.
Pathology: Blood-
Ancylostoma Skin feeding — iron-

deficiency anemia,
protein loss. Larval
migration: skin — lungs

ms) contaminated soil. > intestine. Ground
itch.
Most common
helminth in temperate
zones. No tissue
. migration. Femal
Enterobius Fecal-oral & ngration. remate
, . e Humans (Large . . . migrates to perianal
vermicularis (Pinworm . autoinfection. Inhalatio . .
Intestine, cecum). . region at night to lay
) n of airborne eggs.

eggs — causes intense
itching (pruritus
ani). Diagnosis:

Cellophane tape test.
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One host serves as
both definitive and
. . intermediate. Life
.. Humans, pigs, Ingestion of .
Trichinella ; cycle: Ingestion — adult
L . rodents (Adult in undercooked 7 . .
spiralis (Trichina . . . .. in intestine — live-born
intestine, larva in meat containing encyste ..
Worm) larvae (viviparous) —
muscle). d larvae. . .
migrate to striated
muscles — encyst.
Causes Trichinosis.
M Causes
N . Dracunculiasis. Emerge
Dracunculus Drinking water with .
. . . Humans (Subcutaneous | . s from skin (often foot)
K medinensis (Guinea . infected copepod (water
tissues). to release larvae. Target
Worm) flea). L .
of near-eradication via
water filtration.

Free-Living & Model Organisms
o Caenorhabditis elegans: A transparent, soil-dwelling nematode. A premier model organism in
biology (genetics, developmental biology, neurobiology). First multicellular organism to have
its complete genome sequenced and entire cell lineage mapped. Teaches concepts of apoptosis,
RNA interference.
¢ Ecological Role: Free-living nematodes are critical decomposers and nutrient cyclers in soil and
sediment ecosystems.
Economic & Medical Importance
e Plant Parasites: Cause billions in agricultural losses (e.g., root-knot nematodes, Meloidogyne).
e Human Disease: Affect over a billion people globally; cause chronic disability, malnutrition, and
stunting in children.
e Veterinary Disease: Heartworm (Dirofilaria immitis) in dogs, lungworms in livestock.
PHYLUM ARTHROPODA (LARGEST ANIMAL PHYLUM)
Evolutionary Significance & General Characteristics
¢ Diversity & Success: The largest phylum in the animal kingdom (~85% of known species).
Unparalleled success due to key evolutionary innovations.
¢ Evolutionary Milestones: First terrestrial animals; first flying animals.
e Body Plan: Triploblastic, bilaterally symmetrical, coelomate (though coelom reduced; main
cavity is a hemocoel).
e Metamerism: Segmented, but segments often fused into functional groups called tagmata (head,
thorax, abdomen, etc.).
Key Adaptations for Success
A. The Arthropod Exoskeleton
¢ Composition: Made of chitin (polysaccharide) hardened with proteins and, in crustaceans and
some others, calcium carbonate.
e Structure: Epicuticle (waxy, waterproof), Exocuticle (hardened), Endocuticle (flexible).
Molting (ecdysis) controlled by ecdysone hormone.
¢ Functions: Protection, muscle attachment, prevention of water loss (crucial for terrestrial
life). Major limitation: Must be molted (ecdysis) for growth, leaving animal vulnerable.
B. Jointed Appendages
e The hallmark of the phylum. Primitively biramous (two-branched), often modified
to uniramous.
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e Adaptive Radiation: Modified for walking, swimming, sensory perception, feeding,
reproduction, and defense. This versatility is a primary reason for their diversity.

C. Efficient Organ Systems

e Muscular System: Striated muscles arranged in antagonistic pairs attached to exoskeleton.

e Nervous System: Ventral nerve cord with ganglia in each segment, anterior cerebral
ganglia ("brain"). Well-developed senses: Compound eyes (made of ommatidia), antennae
(chemo-/mechanoreception), tympanal organs (hearing).

Organ Systems
System Variations & Adaptations Class Examples

Circulatory

Open circulatory
system. Dorsal, tubular heart
pumps hemolymph into
hemocoel.

Present in all. Most efficient in
active forms (e.g., insects,
crustaceans).

Respiratory

Gills (aquatic:
crustaceans). Book
Gills (aquatic: horseshoe
crabs). Book Lungs (terrestrial:
spiders, scorpions). Tracheal
System (terrestrial: insects, some
myriapods—most
efficient). Cutaneous (small
arthropods).

Crustacea; Merostomata;
Arachnida; Insecta.

Excretory

Malpighian
Tubules (terrestrial): Blind
tubules in hemocoel that empty
into gut; conserve
water. Coxal/Greene Glands/
Antennal Glands (aquatic):
Modified nephridia; open at base
of appendages.

Insecta, Arachnida; Crustacea.

Digestive

Complete. Specialized regions:
foregut, midgut, hindgut.

MAJOR SUBPHYLA & CLASSES

(Mnemonic: Arthropod Classes Can Have Many Crazy Variations = Arachnida, Chilopoda,
Diplopoda, Crustacea, Hexapoda/Insecta)

SUBPHYLUM CHELICERATA

e Key Features: Chelicerae (first appendages; fang-like or pincer-like), Pedipalps (second
appendages; sensory, feeding, or reproductive), No antennae. Body divided into prosoma
(cephalothorax) and opisthosoma (abdomen).

e (Class Arachnida:

o Orders of Medical Importance:
= Araneae (Spiders): Chelicerae with venom glands. Pedipalps in males

modified for sperm transfer. Spinnerets for silk.

= Scorpiones (Scorpions): Pedipalps as large pincers. Metasoma (''tail"") with
telson (sting). Viviparous.
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= Acari (Ticks & Mites): Prosoma & opisthosoma fused. Medical
importance: Vectors for Lyme disease (/xodes), Rocky Mountain Spotted Fever,
Scabies (Sarcoptes).
e Class Merostomata: Horseshoe Crabs (Limulus). ""Living fossils." Have book gills. Blue
copper-based blood (hemocyanin) used in LAL test for bacterial endotoxins.
SUBPHYLUM MYRIAPODA
e Key Features: Terrestrial. One pair of antennae. Elongated body with many segments.

o Class Chilopoda (Centipedes): One pair of legs per segment. First trunk appendages
modified into venomous forcipules (maxillipeds). Carnivorous. Flattened
dorsoventrally.

o Class Diplopoda (Millipedes): Two pairs of legs per segment (two segments fused into
a diplosegment). Round in cross-
section. Detritivores/herbivores. Defensive repugnatorial glands.

SUBPHYLUM CRUSTACEA
¢ Key Features: Mostly aquatic; Two pairs of antennae (biramous); Biramous
appendages (basis gives rise to two branches: endopod & exopod); Gills for respiration.
¢ Body Plan: Cephalothorax (often with carapace) and abdomen.
e Larval Form: Nauplius larva (with three pairs of appendages and a single median eye).
o Examples: Decapoda (crabs, shrimp, lobsters), Isopoda (sowbugs), Copepoda (plankton),
Cirripedia (barnacles: sessile, hermaphroditic, filter-feeders).
SUBPHYLUM HEXAPODA (CLASS INSECTA)
o The Most Successful Class. Key to success: Flight, small size, high reproductive rate,
metamorphosis.
¢ Body Plan: Head, Thorax, Abdomen.

o Head: One pair antennae; compound eyes; mouthparts (mandibles, maxillae, labium).

o Thorax: Three pairs legs; typically two pairs wings (on meso- and metathorax). Wing
types: membranous, horny (elytra), scaly, halteres (dipteran balance organs).

o Abdomen: Contains digestive, reproductive organs; spiracles; cerci.

e Metamorphosis:

o Ametabolous: No metamorphosis (e.g., silverfish).

o Hemimetabolous (Incomplete/Simple): Egg — Nymph (resembles adult, wing buds)
— Adult. (e.g., grasshoppers, cockroaches).

o Holometabolous (Complete/Complex): Egg — Larva (caterpillar, grub, maggot)
— Pupa (chrysalis, cocoon) — Adult. Allows for ecological niche partitioning between
larval and adult stages. (e.g., butterflies, beetles, flies, bees).

Economic & Medical Importance

¢ Beneficial: Pollination (bees, butterflies), decomposition, food source (crustaceans), silk
production (Bombyx mori), biological control (Iadybugs).

o Harmful: Agricultural pests (locusts, beetles), disease vectors (mosquitoes—malaria, dengue;
fleas—plague; lice—typhus; ticks—Lyme), structural damage (termites), parasites (mites,
lice).

Deuterostomes
PHYLUM ECHINODERMATA
Evolutionary Significance & General Characteristics

¢ Evolutionary Position: Deuterostomes. This aligns them with Chordata, sharing key
embryological traits: radial, indeterminate cleavage; anus forms from blastopore;
enterocoelous coelom formation. This is a fundamental dichotomy from Protostomes
(Annelids, Arthropods, Mollusks).

e Symmetry: A Unique Duality. Larvae are bilaterally symmetrical (e.g., bipinnaria,
pluteus). Adults develop pentaradial (five-part) symmetry. This is a secondary radial
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symmetry, likely an adaptation to a sessile or slow-moving lifestyle, allowing interaction with
the environment from all sides.
o Habitat: Exclusively marine.
e Body Plan: Triploblastic, coelomate. The coelom is well-developed and gives rise to unique
systems.
Unique Features & Adaptations
A. The Water Vascular System (WVS) - A Hydraulic Marvel
This is the defining system of echinoderms.
¢ Function: Locomotion, feeding, gas exchange, and attachment.
e Pathway & Components:
1. Madreporite: A sieved, calcareous plate on the aboral surface; the entry point for
seawater.
Stone Canal: Leads from madreporite to...
Ring Canal: Circulates around the esophagus.
Radial Canals: Extend from the ring canal into each arm/ray.
Lateral Canals & Tube Feet (Podia): Each lateral canal connects to a tube foot and a
muscular ampulla. Contraction of the ampulla forces fluid into the podium, extending
it. Suction is created by adhesive secretion, not pressure.

~ L
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B. Endoskeleton
e Composed of calcareous ossicles (plates) embedded in the dermis. May be loosely articulated
(sea stars) or fused into a rigid test (sea urchins).
e Often bears spines (modified ossicles) for protection.
o Pedicellariae: Tiny, pincer-like appendages on the body surface (especially in Asteroidea &
Echinoidea). Function: keep the surface clean, capture small prey, and defense.
C. Mutable Collagenous Tissue (Catch Connective Tissue)
e A unique physiological adaptation. They can rapidly change the stiffness of their connective
tissue (from rigid to fluid) under neural control.
e Functions: Allows for posture maintenance without muscle fatigue (e.g., holding arms
up), autotomy (shedding arms to escape predators), and reduction of energy cost.
Internal Anatomy & Physiology
o Digestive System: Varies widely. Complete gut (mouth — anus). Includes adaptations like
the cardiac stomach (eversible in sea stars) and pyloric stomach.
o Aristotle's Lantern: The complex, jaw-like chewing apparatus of sea urchins, operated
by specialized muscles.
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e Hemal System: A reduced, often enigmatic system of strands and sinuses that may aid in nutrier
distribution.
e Respiratory System: Gas exchange occurs via:
o Dermal Branchiae (Papulae): Thin-walled projections of the coelom through the body
wall (Asteroidea).
o Tube Feet: Major site in many.
o Respiratory Trees: Branched, cloacal outpocketings in Holothuroidea (sea cucumbers).
¢ Excretory System: No specialized excretory organs. Nitrogenous waste (ammonia) diffuses out
via the respiratory surfaces.
¢ Nervous System: Decentralized. Consists of a nerve ring around the mouth and radial
nerves running into each arm. No true brain. Well-suited for coordinating radial symmetry.
Reproduction & Development
¢ Sexual Reproduction: Usually dioecious (separate sexes). External fertilization. Free-
swimming, bilaterally symmetrical larvae are characteristic and provide evidence of their
evolutionary lineage.
o Asteroidea: Bipinnaria — Brachiolaria.
o Echinoidea & Ophiuroidea: Pluteus larva.
o Holothuroidea: Auricularia larva.
e Asexual Reproduction: Common via regeneration and fission (splitting). Some asteroids can
regenerate an entire body from a single arm if part of the central disc is attached.
Classification
(Mnemonic: Echinoderms Are Often Extremely Hungry Creatures = Asteroidea, Ophiuroidea,
Echinoidea, Holothuroidea, Crinoidea)

~ L

Body Plan

Arm
Structure

Tube Feet
&
Madreporit

Feeding &
Key
Adaptation

Examples &
Exam Points

A - :
Asterias. Cro
wn-of-
R Arms not Predators/s | Thorns (Aca
. sharply cavengers. nthaster) —
A Ce‘;lgﬁlsc_tsc distinct Suckered. Eversible coral reef
Asteroidea Sea Stars from disc; | Madreporite cardiac pest. Keysto
broad i
T contain aboral. stomach for ne
arms. . ..
extensions external species influ
I of viscera. digestion. encing
intertidal
O ecology.
Detritivores
No /scavengers
N Distinct Arms .Use arms | Ophiothrix.
suckers. Us .
central are sharply to sweep Most diverse
. . . ed for .
S Ovhiuroidea Brittle Stars, | disc; long, | distinct, sol feedine/sens organic class.
P Basket Stars slender, id (viscera ing matter to Regenerate
flexible confined to & mouth. Rap | arms easily
. Madreporite | .
arms. disc). id, snake- | (autotomy).
oral. .
like
movement.
Echinoidea Sea Globular o Suckered (r | Grazers. A | Echinus (sea
Urchins, (regular) or egular) ristotle's | urchin), Chyp
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Sand flattened or specializ | Lantern. Sa | easter (sand
Dollars (irregular). ed (irregular | nd dollars | dollar). Mod
No arms. ). are deposit el
Madreporite | feeders. Glo | organisms in
within apica | biferous development
I system. | pedicellaria | al biology.
e may
contain
venom.
Dgtsl'eltl;:;gzz? Holothuria.
P 1 ) Beche-de- .ﬂ
Elongated tentagles mer (trepang —
. Suckered (o | (modified P~
soft-bodied, )
. ral) tube feet) to -
K Holothuroide Sea worm- fishery. Cuve =3
. — or absent. sCoop :
a Cucumbers | like. Oral- . . rian ()
. Madreporite | sediment. R
aboral axis . . tubules — Q.
. internal. espiratory .
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Trees. Evisc : ()]
. defensive
eration as 5
filaments.
defense.
Passive >
Oral filter- Antedon (feat E,
. No feeders. Ar
- surface Multiple her 5
Sea Lilies, suckers; sec | ms form a " s
. upward. Of | (usually 5) star). "Livin
Crinoidea Feather . ’ retory. food- - 2
ten sessile arms with . . g fossils" — —
Stars . Madreporite | collecting . ) -
(stalked) or pinnules. dominant in
: absent. fan. Most ) a V)
mobile. . . Paleozoic.
primitive
living class.

Ecological & Economic Importance
¢ Ecological Roles: Keystone predators (sea stars controlling mussel
populations), bioeroders (urchins), detritivores (cucumbers, brittle stars), habitat engineers.
e Economic Impact:
o Negative: Crown-of-thorns starfish destroy coral reefs. Urchin barrens.
o Positive: Sea urchin roe (uni) is a delicacy. Sea cucumbers (beche-de-mer) are a major
fishery. Source of bioactive compounds for pharmaceutical research.
¢ Scientific Importance: Model organisms in developmental biology (due to transparent eggs and
embryos). Key examples of regeneration.
PHYLUM HEMICHORDATA
Evolutionary Significance & General Characteristics
¢ Evolutionary Position: A minor but crucial phylum of marine deuterostomes. Traditionally
considered a sister group to Chordata, sharing key characteristics, though modern molecular
phylogeny often places them closer to Echinodermata in the clade Ambulacraria. Their study is
vital for understanding chordate origins.
e "Half-Chordate': The name Hemichordata ("half chord") refers to the historical (but now
understood as mistaken) belief that their stomochord was homologous to the chordate notochord.
They share two of the four defining chordate features.
e Habitat: Exclusively marine. Most are benthic, living in U-shaped burrows or tubes.
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Body Plan: Triploblastic, bilaterally symmetrical, coelomate with enterocoelous coelom
formation (like echinoderms and chordates). The body is soft-bodied and divided into three
unique regions.

Body Regions & Anatomy
The Tripartite Body Plan:

1. Proboscis (Prosoma): Anterior, muscular, pre-oral lobe. Used for burrowing and locomotion.
Contains the heart-kidney complex and the stomochord.

2. Collar (Mesosoma): Middle region. Houses the mouth on its ventral side, the buccal cavity, and

the cerebral ganglion (simple brain). Contains a portion of the coelom.
3. Trunk (Metasoma): The longest, posterior region. Contains the pharynx with gill slits, the

digestive tract (esophagus, intestine, anus), and gonads.
Anatomical Structures & Their Significance

e Stomochord: A hollow, flexible, tubular outgrowth from the roof of the buccal cavity into the
proboscis. Once thought to be a notochord homolog, it is now considered a divergent
structure that may have a hydrostatic function. It is not supportive.

¢ Pharyngeal (Gill) Slits: Multiple paired openings in the pharynx. Their primary function
is filter-feeding: water taken in through the mouth exits via these slits, and food particles are
trapped in mucus on the gill bars. This is a key shared feature with chordates.

e Dorsal Hollow Nerve Cord: A true homology with chordates. A tubular nerve cord runs along

the dorsal midline of the collar and sometimes into the trunk. However, there is also a ventral
nerve cord and a subepidermal nerve plexus, showing a less centralized nervous system.

¢ Buccal Diverticulum: Another name for the stomochord, emphasizing its origin from the buccal

cavity.

Class

Classification & Major Groups

Common Name

Lifestyle &

Habitat

Key
Distinguishing
Features

Examples

Large size (some
>2m). Numerous Balanoglossus,
Solitary, burrowi | gill slits. Direct | Saccoglossus. Imp
ng or sedentary in developers or ortant for studies
Enteropneusta Acorn Worms mud/sand. Vermif | with a Tornaria on development
orm (worm-like). | larva (resembles | and deuterostome
echinoderm evolution.
bipinnaria).
Small size (1-7
mm)z.lfnlll;ated Rhabdopleura,
Small, colonial, . Cephalodiscus. Sh
live in (lophophore-like ow closer
Pterobranchia Pterobranchs . tentacles) for .
secreted coenecia . . morphological
. feeding. Few gill oo
(tubes). Sessile. . . similarity to some
slits (1 pair) or fossil graptolites
none. U-shaped grap ’
gut.
Enigmatic. Larva
Known only from is a spherical,
Planctosphaeroid oy ciliated Planctosp | Planctosphaera
Planctosphere a pelagic larval .
ea P here larva of pelagica.
orm. :
large size. Adult
form unknown.
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Reproduction & Development

¢ Reproduction: Mostly dioecious. Gonads are simple sacs in the trunk. Enteropneusts typically

release gametes into the water column for external fertilization.

e Development:

o Enteropneusta: Exhibits both direct development (e.g., Saccoglossus) and indirect
development with a free-swimming Tornaria larva. The Tornaria is bilaterally
symmetrical, planktonic, and demonstrates clear evolutionary links to the echinoderm
bipinnaria larva, supporting the Ambulacraria hypothesis.

o Pterobranchia: Development is direct, with brooding of embryos in some species.

HEMICHORDATA & THE ORIGIN OF CHORDATES

Characteristic

Pharyngeal (Gill) Slits

Hemichordata

Present (for filter-feeding).

Chordata

Present (for filter-
feeding/respiration).

Dorsal Hollow Nerve Cord

Present (in collar region).

Present (entire length, forms
CNYS).

Notochord

Absent (has a stomochord, a
non-homologous structure).

Present (defining feature).

Post-anal Tail

Absent.

Present (in most, at least
embryonically).

Endostyle

Present in some (mucus-
producing groove in pharynx for
feeding).

Present (in urochordates &
cephalochordates; homologous
to vertebrate thyroid).

Hemichordates share two key deuterostome features with chordates (pharyngeal slits, dorsal hollow
nerve cord) but lack the defining notochord and post-anal tail. They represent an evolutionary lineage
that branched off just before the origin of true chordates.

Ecological Role & Importance

¢ Sediment Turnover: Burrowing acorn worms are important bioturbators, aerating and recycling
nutrients in marine sediments.
¢ Evolutionary Biology: A "living fossil" key to understanding deuterostome evolution and the

origins of chordates.

e Graptolite Fossil Record: The extinct class Graptolithina is now widely considered to be
within or closely related to Pterobranchia. Graptolites are vital index fossils for dating Paleozoic

rock strata.
PHYLUM CHORDATA

Foundational Concepts & Definitions

e Deuterostome Lineage: Chordates are part of the deuterostome clade, sharing with echinoderms
and hemichordates: radial/indeterminate cleavage, blastopore becomes anus,

and enterocoelous coelom formation.

e Defining Chordate Characteristics: All present at some stage of life cycle (embryonic, larval,

or adult):

1. Notochord: A flexible, rod-like structure of vacuolated cells encased in a fibrous sheath.
Provides primary axial support. In most vertebrates, it is replaced by the vertebral

column.

2. Dorsal, Hollow Nerve Cord: A tube derived from ectoderm (via neurulation).
Located dorsal to the gut. Develops into the Central Nervous System (CNS) — brain and

spinal cord.
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Pharyngeal Gill Slits (Clefts): Paired openings connecting the pharynx to the exterior.
Primarily for filter-feeding in protochordates and some vertebrates; modified
for respiration and other functions in derived groups.

4. Post-anal Tail: A muscular tail extending beyond the anus. Provides propulsion in
aquatic forms.

e Additional Shared Features: Endostyle (mucus-producing feeding groove in protochordates;
homologous to the vertebrate thyroid gland). Segmented body musculature (myomeres).

INVERTEBRATE CHORDATES (PROTOCHORDATES)
A. Subphylum Urochordata (Tunicates)

e Lifestyle: Mostly sessile, marine filter-feeders as adults.

¢ Body Plan:

o Adult: Sac-like, enclosed in a tunic (cellulose-containing test). Only retains pharyngeal
slits. Has an incurrent (oral) and excurrent (atrial) siphon. The heart
exhibits peristaltic reversal.

o Larva (Tadpole Larva): Free-swimming, exhibits all four chordate characteristics. It
undergoes retrogressive metamorphosis to become the sessile adult: the tail (with
notochord and nerve cord) is resorbed.

e Significance: Their larvae demonstrate the primitive chordate body plan. Closest invertebrate
relatives to vertebrates. Example: Herdmania, Ciona.

B. Subphylum Cephalochordata (Lancelets)

e Body Plan: Small, fish-like, translucent. Retains all four chordate characteristics throughout
life in a simple, idealized form. Example: Branchiostoma (Amphioxus).

o Notochord: Extends to the anterior tip (hence "cephalo-").

o Feeding: Filter-feeds using the pharyngeal slits and endostyle in a wheel organ.

o Metamerism: Evident in segmented muscles (myomeres) and nerves.

¢ Significance: Considered a living model of the ancestral chordate. Lacks true bones, heart, and
paired sense organs. Has segmented nephridia for excretion.

SUBPHYLUM VERTEBRATA (CRANIATA) - THE VERTEBRATE REVOLUTION
A. Vertebrate Innovations

1. Vertebral Column: Replaces the notochord as the primary support. Composed of vertebrae
(cartilage or bone) protecting the spinal cord.

2. Cranium (Skull): A bony or cartilaginous case enclosing and protecting the brain.

3. Neural Crest Cells: A unique, migratory embryonic cell population (found only in
vertebrates) that gives rise to diverse structures: peripheral nervous system, facial
cartilage/bones, pigment cells, adrenal medulla.

4. Complex Sense Organs: Paired eyes with lenses, inner ears for balance/hearing, olfactory
epithelium.

5. Efficient, Closed Circulatory System: Ventral, chambered heart (2-, 3-, or 4-chambered). Red
blood cells with hemoglobin.

B. Superclass Agnatha (Jawless Vertebrates)

e Characteristics: Lack jaws, paired fins, and scales. Cartilaginous skeleton.

e (lass Cyclostomata:

o Order Petromyzontida (Lampreys): Parasitic forms have a circular, sucking mouth
with keratinized teeth and a rasping tongue. Anadromous life cycle. Larvae (ammocoetes)
are filter-feeders.

o Order Myxini (Hagfishes): Deep-sea scavengers. Skull but no vertebrae (notochord
persists). Defensive slime glands. Tie themselves into knots for leverage. Isosmotic with
seawater.

C. Superclass Gnathostomata (Jawed Vertebrates)
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e Evolution of Jaws: From the modification of the first pair of pharyngeal (gill)
arches (mandibular arch). A major adaptive radiation, enabling active predation.
¢ Evolution of Paired Appendages: Pectoral and pelvic fins (later limbs), providing stability and
locomotion.
I. Class Chondrichthyes (Cartilaginous Fishes)
o Skeleton: Cartilage (often calcified).
e Scales: Placoid scales (dermal denticles), tooth-like in structure.
e Respiration: 5-7 pairs of separate gill slits; no operculum. Spiracles (modified first gill slit) in
many.
¢ Buoyancy: No swim bladder; large oily liver provides some lift.
¢ Reproduction: Internal fertilization via claspers in males. Can be oviparous, ovoviviparous, or
viviparous.
o Examples: Sharks, rays, skates. Electroreceptive Ampullae of Lorenzini.
II. Class Osteichthyes (Bony Fishes)
e Skeleton: Bone.
e Respiration: Gills covered by a bony operculum.
e Buoyancy: Swim bladder (gas bladder) derived from lungs.
e C(lassification:

o Subclass Actinopterygii (Ray-finned fishes): Fins supported by bony
rays. Teleosts comprise ~96% of all fish species.

o Subclass Sarcopterygii (Lobe-finned fishes): Fins with a fleshy, muscular lobe
containing bones homologous to tetrapod limbs. Gave rise to tetrapods. Extant
members: Coelacanths (Actinistia) and Lungfishes (Dipnoi).

II1. Tetrapoda: The Move to Land
e Defining Features: Four limbs with digits, neck with atlas-axis vertebrae, robust pelvic girdle
fused to spine.
e Adaptations for Terrestriality: Lungs, stronger limbs, more efficient heart, water-conserving
kidneys, impermeable skin, and (later) the amniotic egg.
1. Class Amphibia
¢ Dual Life: Aquatic larvae (tadpoles with gills), terrestrial adults (with lungs). Cutaneous
respiration is vital.
e Heart: Three-chambered (2 atria, 1 ventricle). Mixing of oxygenated/deoxygenated blood.
o Eggs: Anamniotic, jelly-like, laid in water.
e Orders: Anura (frogs/toads), Caudata (salamanders/newts), Gymnophiona/Apoda (legless
caecilians).
2. Amniotes: The Terrestrial Revolution
e Key Innovation: The Amniotic Egg. Extra-embryonic membranes: Chorion (gas
exchange), Amnion (fluid sac), Allantois (waste storage), Yolk Sac (nutrition). Allows
development on land.
A. Class Reptilia (Sauropsida) - Non-Avian Reptiles
e SKkin: Dry, keratinized epidermis with scales (beta-keratin). Prevents water loss.
Respiration: Lungs with greater surface area; use thoracic muscles (no diaphragm).
Excretion: Uricotelic (semi-solid uric acid; conserves water).
Heart: 3.5-chambered (2 atria, ventricle partially divided; complete 4 in crocodilians).
Thermoregulation: Ectothermic.
Major Orders: Testudines (turtles), Squamata (lizards & snakes), Crocodilia, Sphenodontia
(tuatara).
B. Class Aves (Birds)
o Flight Adaptations:
o Feathers: Modified scales (beta-keratin) for flight and insulation.
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Forelimbs modified into wings.
Pneumatic bones: Hollow, air-filled.

Keeled Sternum: For large flight muscle attachment.
Respiratory System: Air sacs and unidirectional lung flow for high oxygen uptake.
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o Reduced Organs: No urinary bladder; one ovary.
e Other Features: Endothermic. 4-chambered heart. Beak without teeth. Oviparous.

C. Class Mammalia
e Defining Features:

o Mammary Glands: Produce milk.

O O O O

Hair/Fur: Insulation (alpha-keratin).
Dentition: Heterodont dentition (incisors, canines, premolars, molars).

Middle Ear Bones: Three ossicles (malleus, incus, stapes) derived from jaw bones.
Diaphragm: Muscular sheet for efficient breathing.

o Neocortex: Highly developed brain region.

e Major Groups:

o Subclass Prototheria: Monotremes. Egg-laying (oviparous). Platypus, Echidna.

o Subclass Theria:

= Infraclass Metatheria: Marsupials. Pouched; short gestation; altricial young
complete development in marsupium. Kangaroo, Opossum.

= Infraclass Eutheria: Placental Mammals. Long gestation; complex placenta

nourishes embryo. All other mammals (e.g

Subclass & Infraclass

Reproductive Strategy

Key Features
Lay leathery eggs; have

., rodents, bats, cetaceans, primates).

Examples

attached to a teat.

Prototheria Ov1par9us (ege- a cloaca; milk secreted Platypus, Echidna.
laying).
onto fur.
Theria Viviparous. Gt i i live
young.
Young complete
Metatheria Short gestation; young development in Kangaroo, Koala,
(Marsupials) born highly altricial. a marsupium (pouch) Opossum.

Eutheria (Placental
Mammals)

Long gestation.

Young develop fully in
uterus nourished via a
complex placenta.

Humans, whales, bats,
elephants, rodents.

HUMAN EVOLUTION Primates: Our order, characterized by grasping hands, binocular vision, and

large brains.

e Hominins: Species more closely related to humans than to chimpanzees.

¢ Key Trend: Bipedalism evolved before significant brain enlargement.
e Major Genera: Australopithecus (bipedal, small-brained), Homo habilis (first tool user), Homo
erectus (first to migrate out of Africa), Homo sapiens (modern humans, originated in Africa
~300,000 years ago).
e Modern Understanding: Human evolution is branching, not linear. H. sapiens coexisted and
interbred with other hominins like Neanderthals and Denisovans. Biologically, human "races" are
not valid subdivisions; genetic variation within populations is far greater than between them.
EVOLUTIONARY TRANSITIONS
Jaw Evolution: From anterior pharyngeal arches. Hyomandibula evolved into the stapes of the

mammalian middle ear.

¢ Fin-to-Limb Transition: Sarcopterygian fins — Tiktaalik (fishapod) — early tetrapods
(e.g., Ichthyostega). Homology of bones: humerus, radius/ulna.

e Amniotic Egg: Freed reproduction from water.
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e Bird Flight: Evolved from theropod dinosaurs. Archaeopteryx as transitional fossil.
e Mammalian Middle Ear: Articular & Quadrate bones (jaw joint in reptiles) evolved

into Malleus & Incus.

Group

Agnatha (Jawless Vertebrates)

Key Innovations &
Characteristics

No jaws, no paired fins;
cartilaginous skeleton.

Examples

Myxini: Hagfish (scavengers,
produce
slime). Petromyzontida: Lampre
ys (parasitic/non-parasitic).

Gnathostomata (Jawed

Jaws (from modified gill

based breathing; impermeable
skin.

Vertebrates) arches), paired appendages.
Cartilaginous skeleton; placoid
Chondrichthyes scales; 5-7 gill slits; internal Sharks, rays, skates.
fertilization.
Bony
Osteichthyes skeleton; operculum covers
gills; swim bladder/lungs.
, . Ray-finned fishes; fins supported
Actinopterygii byt Teleost fish (tuna, salmon, perch).
.. Lobe-finned fishes; muscular fin Coelacanth,
Sarcopterygii bases with bony SUDpOrt Lungfish (extant). Tetrapodomo
¥ Support. rphs (ancestors to tetrapods).
Tetrapoda Four limbs with digits; neck;
P pelvic girdle fused to backbone.
o Dual life; moist skin for gas Frogs (Anura), Salamanders
Amphibia exchange; 3-chambered heart; o
; (Caudata), Caecilians (Apoda).
unshelled eggs; metamorphosis.
Amniotic egg (with chorion,
. amnion, allantois, yolk sac); rib-
Amniota

Sauropsida (Reptilia incl. Birds)

Keratinized epidermis (scales,
feathers); uricotelic; lungs with
greater surface area.

Non-Avian Reptiles: Turtles,
lizards/snakes (Squamata),
crocodilians, tuatara. Aves

(Birds): Endothermic; feathers;
wings; pneumatic bones; air sacs
for unidirectional lung flow; four-

chambered heart.
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Hair/fur, mammary glands,
three middle ear bones, muscular
diaphragm, neocortex, heterodont

dentition, endothermic.

Synapsida (Mammalia)

MK PREPARATIONS} . .

Monotremes: Egg-laying
(platypus,
echidna). Marsupials: Pouched,
short gestation (kangaroo,
opossum). Eutherians (Placental
Mammals): Long gestation,
complex placenta (humans,
whales, bats, rodents).

General fealures . — revealed in Animal diversity

reflected N ————— Phylogeny

seenin
include
clades based on
symmetry & tissues
Body plan
(‘Zells & Lifestyle Reproduction includes
tissues & development
no symmetry with symmetry
l 1 l or tissues & tissues
utilizes proceeds  Symmetry Tissues Bodycavity Development Segmentation Parazoa Eumetazoa
via
| defined by
bilateral
Iilabit.fat may be evoIvedr allowed for symmetry
exhibit diversity convergently varies in l
led to l Porifera Bilateria
Radial Redundant systems
Active e Involves & locomotion
movement bilateral different
tissues |
S i orh_er groups defined by
re r{?;ll:;ion Specialized include developmental
i ‘I:Ie” : structures and Cleavage patterns k patterns
Wa's functions I'e A
Zygote Ctenophora |  Cnidaria
L Multicellularity '}
—»  Blastula
Gas‘tula Protostomes
Deuterostomes
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Protostomes = that e Molt

Ecdysozoa

as Nematoda
[ called
that have include
Roundworms — may _,. Disease in plants
Lophophore or cause and animals
trochophore larvae
| Chelicerata
_ Arthropoda = are divided into === Crustacea
are classified u
as I exapoda
Myriapoda
l have
Lophotrochozoa i
Exoskeleton
| Segmented body
include Jointed appendages
Platyhelminthes Rotifera Mollusca Annelida Nemertea Change to
| | | | Bryozoa & Brachiopoda
include many have have called have
most are .
I, . classified l
classified possess
Flatworms as as : Lophaphore
Trematoda Shell Segmentation Ribbon
Cercomeromorpha Mantle head worms
Foot septa
known for Radula hydrostatic Bryozoans Brachiopods
Hermaphroditic skeleton
parasitic
Closed circulato
Corona for Polyplacophora Errantia system v
Iocofne'lg{tjl_on and st_troﬁ o da Sedentaria thynchacoel are are
'ng L complete digestive
complex jaw Cephalopoda ir
act
Colonial Solitary
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,—- Deuterostomes —_|

have nerve cord, @

hove internal

skeleton and

pentaradicl
SYMmetTy

/

Echinoderms

include tha
closses
have '
Asteroidea
Holothuroidea
Echincidea
Crincidea
Ophiurcidea

Bilaterally
== symmetrical
larvae

Water vascular
system

g Rl canzls

notochord,
phoryngeal shits
or pouches,
postanal tal

\

Nlack vertebroe

|

MNonvertebrate chordates

divided into
subphwio

have vertebral column,
distinct heod, neural
crest, internol organs,
an endoskeleton

}

Vertebrate chordates

include

|

Capability of
regeneration Urechordata Cephalochordata Fishes
odults  Jorvae include | include include
exhibit  exfibit exhibit ,I most have !
Tunicates Lancelets. Bony fishes
Cartilaginous
fishes
Chordate
features Chordate
features
Sessile | Jaws
™ iestyle Mastly
sedentary
= lifestyle Paired
e Filter feading T
Tough, §
cellulose sac - Internal gills

walls.

Singleloop
circulation

Amphibia

have include
3 orders

Anura
Caudata
Apoda

—s- Legs

Lungs &
pulmonary veins

Cutanecus
respiration

Partially divided
s
heart

have amniotic
eggs, dry skin,
thoracic breathing

}

Amnicta

include

¥

f

}

Diapsida Synapsida
include gave
fseto
r N\ \
- descended
Reptiles == Fom " Aves (Birds) Mammals
exhibit  include exhibit exhibit  include
Chelonia Feathers Monotremes
Rhynchocephalia Marsupials
Squamata Placentals
Crocodylia Hollow bones
i Scales E i Hair
» Ectothermy Ny
glands
» Endothermy

Kingdom Animalia: One Liners
¢ Kingdom Animalia comprises multicellular, eukaryotic, heterotrophic organisms that lack cell

e Animals are ingestive feeders, deriving nutrients by consuming other organisms.

e They develop from a blastula during embryonic development and have a dominant
diploid stage.

e The kingdom is monophyletic and also called Metazoa.

e Animals, fungi, and choanoflagellates form the Opisthokonta clade.

e Their structural support comes from an extracellular matrix containing the protein collagen.

e Most possess true tissues (except sponges); the evolution of nervous and muscle tissue is a key

innovation.

e They exhibit regulative development where cell fate is determined relatively late.
e The original animal habitat is marine, offering buoyancy and stable temperature.
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e Freshwater habitats pose osmoregulation challenges due to a hypoosmotic environment.

o Terrestrial colonization required adaptations like impermeable body coverings, internal
respiratory surfaces, internal fertilization, and amniotic eggs/vivipary.

e Levels of organization range from cellular (Parazoa) to tissue to organ system (Eumetazoa).

¢ Diploblastic animals have two germ layers (ectoderm & endoderm) separated by a non-
cellular mesoglea (e.g., Cnidaria).

e Triploblastic animals have three germ layers (ectoderm, mesoderm, endoderm), allowing
complex organs (all Bilateria).

¢ Radial symmetry involves arrangement around a central axis and is associated with sessile or
floating life.

e Bilateral symmetry allows for directed movement and cephalization (sensory organs at the
anterior).

¢ Biradial symmetry, a variant of radial, is found in Ctenophora.

e An acoelomate (e.g., Platyhelminthes) lacks a body cavity; space is filled
with mesenchyme/parenchyma.

e A pseudocoelomate (e.g., Nematoda) has a body cavity (pseudocoelom) not fully lined by
mesoderm.

e A coelomate has a true coelom fully lined by mesoderm-derived peritoneum (e.g., Annelida,
Chordata).

e The coelom functions as a hydrostatic skeleton, provides cushioning, and allows independent
organ movement.

¢ In arthropods, the main body cavity is a hemocoel where hemolymph circulates.

¢ Protostomes ("mouth first") exhibit spiral, determinate cleavage and form the coelom
via schizocoely.

e Deuterostomes ("mouth second") exhibit radial, indeterminate cleavage and form the coelom
via enterocoely.

¢ Segmentation (metamerism) allows for specialization (tagmatization) and

evolved convergently in Annelida, Arthropoda, and Chordata.

Hox genes are master regulators of segmentation and body plan.

Molecular evidence identifies choanoflagellates as the closest living relatives of animals.

The Ediacaran Period (~635-541 mya) saw the first macroscopic, soft-bodied animal fossils.

The Cambrian Explosion (~541-515 mya) was the rapid diversification of most major animal

phyla.

Arthropods were the first animals to colonize land (~490-440 mya).

Porifera (sponges) are basal metazoans with cellular-level organization and no true tissues.

Sponges have choanocytes (collar cells) that drive filter-feeding through a water canal system.

The sponge skeleton is made of spicules (calcareous/siliceous) and/or spongin fibers.

Cnidaria are diploblastic, radially symmetrical, and possess

stinging cnidocytes containing nematocysts.

¢ Cnidarians have two body forms: the sessile polyp and the free-swimming medusa; some
show alternation of generations (metagenesis).

e Their gastrovascular cavity has a single opening functioning as both mouth and anus.

e Coral bleaching is the loss of symbiotic zooxanthellae, often triggered by warming oceans.

e Ctenophora (comb jellies) move via ciliary combs (ctenes) and capture prey with
adhesive colloblasts.

¢ Platyhelminthes (flatworms) are triploblastic, bilaterally symmetrical, acoelomate,
and dorsoventrally flattened.

e They have an incomplete digestive system and excrete via protonephridia with flame cells.

e Parasitic flatworms (Neodermata) have a resistant syncytial tegument.
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e Tapeworms (Cestoda) lack a digestive system; the body consists of a scolex and chain
of proglottids.

e Mollusca are characterized by a muscular foot, visceral mass, mantle, and often a radula.

e Most molluscs have an open circulatory system; cephalopods have a closed circulatory
system.

e The trochophore larva is common in molluscs and annelids; marine groups also have a veliger

larva.

Gastropods (snails) undergo torsion during development.

Annelida are segmented worms with a true coelom acting as a hydrostatic skeleton.

They have chaetae/setae for locomotion and a closed circulatory system.

Leeches (Hirudinea) lack chactae, have suckers, and secrete the anticoagulant hirudin.

Rotifera are microscopic pseudocoelomates with a ciliary corona and a jaw-like mastax; some

reproduce by parthenogenesis.

Lophophorate phyla (Bryozoa, Brachiopoda) are coelomate and filter-feed using a ciliated

lophophore.

Nematoda (roundworms) are pseudocoelomate with a tough cuticle molted via ecdysis.

They have only longitudinal muscles, causing a characteristic thrashing motion.

Caenorhabditis elegans is a premier nematode model organism.

Arthropoda are the largest animal phylum, with jointed appendages and a chitinous

exoskeleton.

e They grow via ecdysis (molting), controlled by the hormone ecdysone, and have an open
circulatory system with a hemocoel.

e Chelicerates (e.g., spiders) have chelicerae, pedipalps, and lack antennae.

e Crustaceans have two pairs of antennae, biramous appendages, and a nauplius larva.

e Insects have a body divided into head, thorax, abdomen and undergo complete or incomplete
metamorphosis.

¢ Echinodermata are marine deuterostomes; adults are pentaradially symmetrical while larvae
are bilateral.

e  Their water vascular system powers tube feet (podia) for locomotion and feeding; entry is via
the madreporite.

e They have an endoskeleton of calcareous ossicles and unique mutable collagenous tissue.

e Chordata are defined by a notochord, dorsal hollow nerve cord, pharyngeal slits, and a post-
anal tail (present at some life stage).

¢ Urochordata (tunicates) retain all chordate features only in the free-swimming larva; adults are

sessile filter-feeders.

Cephalochordata (lancelets, e.g., Branchiostoma) retain all chordate features throughout life.

Vertebrata innovations include a vertebral column, cranium (skull), and neural crest cells.

Agnatha are jawless vertebrates (lampreys and hagfishes).

Gnathostomes are jawed vertebrates; jaws evolved from modified anterior pharyngeal arches.

Chondrichthyes have a cartilaginous skeleton, placoid scales, and 5-7 gill slits.

Osteichthyes have a bony skeleton, gills covered by an operculum, and a swim bladder.

Sarcopterygii (lobe-finned fish) are the ancestral group to tetrapods.

Amphibians have moist skin for cutaneous respiration, a three-chambered heart, and are tied

to water for reproduction.

e The amniotic egg (with chorion, amnion, allantois, yolk sac) is the key adaptation for terrestrial
reproduction.

e Birds (Aves) arc feathered, endothermic, with pneumatic bones and air
sacs for unidirectional lung flow.

e Mammals are characterized by mammary glands, hair/fur, heterodont dentition,
a diaphragm, and three middle ear bones.
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Monotremes are egg-laying mammals (platypus, echidna).

Marsupials have a short gestation and a pouch (marsupium) for young development.

Eutherians are placental mammals with long gestation.

In human evolution, bipedalism evolved before significant brain enlargement.

Homo erectus was the first hominin to migrate out of Africa.

Biologically, human "races" are not valid subdivisions; genetic variation within populations is

greater than between them.

The largest invertebrate is the giant squid (Architeuthis).

Chitin is found in arthropod exoskeletons and fungal cell walls.

Choanoflagellates share cell adhesion (cadherin) genes with animals.

Xenacoelomorpha (acoels) are now considered basal deuterostomes.

Nephrozoa is the clade containing both Protostomes and Deuterostomes.

Lophotrochozoa is a protostome clade defined by spiral cleavage and often a trochophore

larva or lophophore.

Ecdysozoa includes animals that grow by molting a cuticle (ecdysis).

Amoebocytes (Archaeocytes) are the totipotent stem cells of sponges.

Planula larva is the characteristic free-swimming larva of cnidarians.

Cercaria is the free-swimming larval stage of a fluke that emerges from a snail.

Metacercaria is the encysted resting stage of a fluke.

Neoblasts are the totipotent stem cells responsible for planarian regeneration.

Hemocyanin is the copper-based, blue respiratory pigment in molluscs and some arthropods.

Parapodia are fleshy appendages in polychaete annelids.

Clitellum is the glandular region in earthworms and leeches that secretes a cocoon.

Lophophore is a ciliated, tentacular feeding structure in bryozoans and brachiopods.

Eutely is the condition of having a fixed number of cells (¢.g.; in nematodes).

Tagmata are fused body segments in arthropods (e.g., head, thorax).

Malpighian tubules are the excretory organs of terrestrial insects.

Tracheal system delivers air directly to tissues in insects.

Book lungs are respiratory structures in some arachnids.

Complete metamorphosis (holometaboly) involves larval, pupal, and adult stages.

Pentaradial symmetry in adult echinoderms is secondarily derived.

Tube feet (podia) are extended by fluid pressure from ampullae.

Pedicellariae are small, pincer-like structures on echinoderms for defense.

Hemichordata share with chordates pharyngeal gill slits and a dorsal hollow nerve cord but

lack a true notochord.

Endostyle in protochordates is homologous to the vertebrate thyroid gland.

Operculum is the bony flap covering the gills in bony fish.

Lateral line system in fish detects water movements and vibrations.

Uric acid is the nitrogenous waste product of reptiles and birds, conserving water.

Placenta is the organ in eutherian mammals for maternal-fetal exchange.

Keystone species have a disproportionately large impact on their ecosystem.

Model organisms like Caenorhabditis elegans are crucial for genetic and developmental

studies.

Eusociality is a highly organized social structure found in some insects and a few mammals.

e Vermicomposting uses earthworms to convert organic waste into nutrient-rich compost.

e LAL test (Limulus Amebocyte Lysate) uses horseshoe crab blood to detect bacterial
endotoxins.

e Biomineralization is the process by which organisms produce mineralized

structures like spicules, shells, and bones.
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e Cryptic speciation is the existence of morphologically identical but reproductively isolated

species.

temperature.

Pheromones are chemical signals used for communication within a species.

Altricial young are born helpless and require extensive parental care.

Precocial young are born relatively mature and mobile.

Poikilotherms (ectotherms) rely on external environmental heat to regulate body temperature.
Homeotherms (endotherms) generate internal metabolic heat to maintain a constant body

e Convergent evolution explains the independent evolution of similar traits in unrelated

lineages.

e Adaptive radiation is the rapid diversification of a lineage into a variety of ecological niches.

Practice MCQs

1. Which of the following is NOT a defining
characteristic of Kingdom Animalia?

A) Multicellularity

B) Presence of cell walls

C) Heterotrophic nutrition

D) Blastula formation during development
Answer: Presence of cell walls

2. Animals are distinguished from protozoans
by being:

A) Unicellular

B) Placed in Kingdom Protoctista

C) Multicellular and ingestive feeders

D) Autotrophic

Answer: Multicellular and ingestive feeders
3. The structural protein found in the
extracellular matrix of animals is:

A) Keratin

B) Chitin

C) Cellulose

D) Collagen

Answer: Collagen

4. The hollow ball of cells formed after zygote
cleavage is called:

A) Gastrula

B) Blastula

C) Morula

D) Neurula

Answer: Blastula

5. Which of the following is an autapomorphy
of animals?

A) Photosynthesis

B) Regulative development

C) Presence of cell walls

D) Haploid dominant life cycle

Answer: Regulative development

6. The original habitat of animals is
considered to be:

A) Freshwater

B) Terrestrial

C) Marine

D) Aerial

Answer: Marine

7. A major challenge for freshwater animals
is:

A) Buoyancy

B) Osmoregulation

C) Stable temperature

D) High salinity

Answer: Osmoregulation

8. Which adaptation is NOT crucial for
terrestrial life?

A) Impermeable body covering

B) External fertilization

C) Amniotic egg

D) Internal respiratory surfaces

Answer: External fertilization

9. Animals with loosely associated cells and
no true tissues are at which level of
organization?

A) Tissue level

B) Organ system level

C) Cellular level (Parazoa)

D) Organ level

Answer: Cellular level (Parazoa)

10. True tissues are first observed in which
group?

A) Porifera

B) Eumetazoa

C) Parazoa

D) Protozoa

Answer: Eumetazoa

11. Diploblastic animals possess how many
germ layers?

A) One
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C) Three

D) Four

Answer: Two

12. The non-cellular layer between ectoderm
and endoderm in diploblastic animals is
called:

A) Mesoderm

B) Mesoglea

C) Mesenchyme

D) Peritoneum

Answer: Mesoglea

13. Triploblastic condition allows for the
development of:

A) Only epithelial tissue

B) Simple nerve nets

C) Complex organs and systems

D) Choanocytes

Answer: Complex organs and systems
14. Radial symmetry is typically associated
with which type of lifestyle?

A) Active predation

B) Sessile or floating

C) Burrowing

D) Fast running

Answer: Sessile or floating

15. The symmetry where body parts are
arranged around a central axis with multiple
planes of symmetry is:

A) Bilateral

B) Asymmetry

C) Biradial

D) Radial

Answer: Radial

16. Cephalization is a feature associated with:

A) Radial symmetry

B) Asymmetry

C) Bilateral symmetry

D) Biradial symmetry

Answer: Bilateral symmetry

17. An animal with no plane of symmetry
belongs to which group?

A) Cnidaria

B) Most Porifera

C) Platyhelminthes

D) Chordata

Answer: Most Porifera

18. Biradial symmetry, a variant of radial
symmetry, is characteristic of:

A) Ctenophora

B) Porifera

C) Annelida

D) Arthropoda

Answer: Ctenophora

19. A true coelom is completely lined by tissue
derived from:

A) Ectoderm

B) Endoderm

C) Mesoderm

D) Mesoglea

Answer: Mesoderm

20. An acoelomate animal has its body space
filled with:

A) Hemolymph

B) Coelomic fluid

C) Mesenchyme or parenchyma

D) Pseudocoelomic fluid

Answer: Mesenchyme or parenchyma

21. In pseudocoelomates, the body cavity is
derived from the:

A) Archenteron

B) Blastocoel

C) Schizocoel

D) Gastrovascular cavity

Answer: Blastocoel

22. Which of the following is an acoelomate
phylum?

A) Nematoda

B) Annelida

C) Platyhelminthes

D) Mollusca

Answer: Platyhelminthes

23. The "tube-within-a-tube'" body plan is
possible in animals with:

A) An incomplete gut

B) Acoelomate condition

C) A complete gut and a body cavity

D) Only two germ layers

Answer: A complete gut and a body cavity
24. Schizocoely is a mode of coelom formation
typical of:

A) Deuterostomes

B) Protostomes

C) Diploblasts

D) Parazoans

Answer: Protostomes

25. Enterocoely is a mode of coelom
formation typical of:

A) Deuterostomes

B) Protostomes
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C) Cnidarians

D) Platyhelminthes

Answer: Deuterostomes

26. In protostomes, the blastopore typically
becomes the:

A) Anus

B) Mouth

C) Notochord

D) Nerve cord

Answer: Mouth

27. Spiral and determinate cleavage is a
characteristic of:

A) Echinoderms

B) Chordates

C) Protostomes

D) Deuterostomes

Answer: Protostomes

28. Radial and indeterminate cleavage is a
characteristic of:

A) Annelids

B) Arthropods

C) Deuterostomes

D) Molluscs

Answer: Deuterostomes

29. Mesoderm in deuterostomes originates
from:

A) Cells near the blastopore lip

B) The wall of the archenteron

C) The ectoderm

D) The blastocoel

Answer: The wall of the archenteron

30. Which of the following is a deuterostome
phylum?

A) Mollusca

B) Arthropoda

C) Echinodermata

D) Annelida

Answer: Echinodermata

31. Segmentation (metamerism) evolved
independently in Annelida, Arthropoda, and
Chordata, an example of:

A) Divergent evolution

B) Convergent evolution

C) Parallel evolution

D) Coevolution

Answer: Convergent evolution

32. The genetic regulation of segmentation is
primarily mediated by:

A) Cadherin genes

B) Collagen genes

C) Hox genes

D) Hemocyanin genes

Answer: Hox genes

33. Molecular evidence suggests the closest
living relatives of animals are:

A) Green algae

B) Fungi

C) Choanoflagellates

D) Amoebozoans

Answer: Choanoflagellates

34. The rapid diversification of most major
animal phyla during the Cambrian Explosion
occurred approximately:

A) 770 mya

B) 635-541 mya

C) 541-515 mya

D) 365 mya

Answer: 541-515 mya

35. The first animals to colonize land were:
A) Vertebrates

B) Arthropods

C) Molluscs

D) Annelids

Answer: Arthropods

36. In modern phylogeny, sponges (Porifera)
are considered:

A) Eumetazoans with true tissues

B) Basal metazoans and sister to all other
animals

C) Derived deuterostomes

D) A type of fungus

Answer: Basal metazoans and sister to all
other animals

37. The clade containing all animals with true
tissues is:

A) Parazoa

B) Bilateria

C) Eumetazoa

D) Nephrozoa

Answer: Eumetazoa

38. The group defined by the process of
ecdysis (molting) is:

A) Lophotrochozoa

B) Spiralia

C) Ecdysozoa

D) Deuterostomia

Answer: Ecdysozoa

39. Which of the following is a
lophotrochozoan characteristic?

A) Ecdysis
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B) Trochophore larva or lophophore

C) Radial indeterminate cleavage

D) Notochord

Answer: Trochophore larva or lophophore
40. Simple worms like acoels are now often
placed as basal members of:

A) Protostomia

B) Lophotrochozoa

C) Ecdysozoa

D) Deuterostomia

Answer: Deuterostomia

41. Sponges belong to the subkingdom:

A) Eumetazoa

B) Parazoa

C) Bilateria

D) Deuterostomia

Answer: Parazoa

42. The flagellated cells that create water
currents and capture food in sponges are:
A) Pinacocytes

B) Amoebocytes

C) Choanocytes

D) Cnidocytes

Answer: Choanocytes

43. The central cavity of a sponge is the:
A) Gastrovascular cavity

B) Spongocoel

C) Coelom

D) Pseudocoelom

Answer: Spongocoel

44. The excurrent opening in a sponge is the:
A) Ostium

B) Osculum

C) Madreporite

D) Proscenium

Answer: Osculum

45. Sponge skeletons may be composed of:
A) Chitin only

B) Spicules and/or spongin

C) Cellulose

D) Calcium phosphate only

Answer: Spicules and/or spongin

46. A resistant asexual reproductive structure
in sponges is a:

A) Gemmule

B) Proglottid

C) Statoblast

D) Scolex

Answer: Gemmule

47. The stinging cells unique to cnidarians are
called:

A) Choanocytes

B) Colloblasts

C) Cnidocytes

D) Amoebocytes

Answer: Cnidocytes

48. The two basic body forms in Cnidaria are:
A) Polyp and medusa

B) Scyphistoma and ephyra

C) Zooid and gonangium

D) Sessile and motile

Answer: Polyp and medusa

49. The single opening in the gastrovascular
cavity of a cnidarian serves as both:

A) Mouth and anus

B) Mouth and osculum

C) Anus and madreporite

D) Mouth and nephridiopore

Answer: Mouth and anus

50. The decentralized nervous system in
cnidarians is a:

A) Ventral nerve cord

B) Nerve ring

C) Nerve net

D) Cerebral ganglion

Answer: Nerve net

51. The class of cnidarians that includes the
"true jellyfish" with a dominant medusa
stage is:

A) Hydrozoa

B) Scyphozoa

C) Cubozoa

D) Anthozoa

Answer: Scyphozoa

52. Corals, which form reefs, belong to the
class:

A) Hydrozoa

B) Scyphozoa

C) Cubozoa

D) Anthozoa

Answer: Anthozoa

53. The symbiotic algae living within coral
tissues are:

A) Diatoms

B) Zooxanthellae

C) Chlorophytes

D) Cyanobacteria

Answer: Zooxanthellae
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4. Ctenophores move using rows of:
A) Parapodia
B) Tube feet
C) Ciliary combs
D) Flagella
Answer: Ciliary combs
55. Ctenophores capture prey using:
A) Nematocysts
B) Colloblasts
C) Radula
D) Chelicerae
Answer: Colloblasts
56. Flatworms (Platyhelminthes) are
characterized by being:
A) Triploblastic and coelomate
B) Diploblastic and acoelomate
C) Triploblastic and acoelomate
D) Triploblastic and pseudocoelomate
Answer: Triploblastic and acoelomate
57. The excretory structures in flatworms are
called:
A) Malpighian tubules
B) Metanephridia
C) Protonephridia with flame cells
D) Green glands
Answer: Protonephridia with flame cells
58. Which of the following is a free-living
flatworm?
A) Taenia solium
B) Fasciola hepatica
C) Schistosoma
D) Dugesia (planarian)
Answer: Dugesia (planarian)
59. Tapeworms (Cestoda) lack which system?
A) Reproductive
B) Nervous
C) Digestive
D) Excretory
Answer: Digestive
60. The anterior attachment organ of a
tapeworm is the:
A) Proglottid
B) Scolex
C) Rostellum
D) Pharynx
Answer: Scolex
61. The primary host for the human liver
fluke (Fasciola hepatica) is:
A) Human
B) Sheep/Cattle

C) Snail

D) Pig

Answer: Sheep/Cattle

62. Which molluscan class is characterized by
a body enclosed in two hinged shells?

A) Polyplacophora

B) Gastropoda

C) Bivalvia

D) Cephalopoda

Answer: Bivalvia

63. The rasping, tongue-like feeding organ
found in most molluscs is the:

A) Radula

B) Mastax

C) Lophophore

D) Proboscis

Answer: Radula

64. The molluscan class that typically has a
closed circulatory system is:

A) Gastropoda

B) Bivalvia

C) Polyplacophora

D) Cephalopoda

Answer: Cephalopoda

65. The larval stage common to many marine
molluscs and annelids is the:

A) Nauplius

B) Trochophore

C) Veliger

D) Bipinnaria

Answer: Trochophore

66. The twisting of the visceral mass during
development in gastropods is called:

A) Torsion

B) Spiral cleavage

C) Enterocoely

D) Metamerism

Answer: Torsion

67. Annelids are characterized by:

A) Pseudocoelom and no segmentation

B) True coelom and metameric segmentation
C) Acoelomate and radial symmetry

D) Hemocoel and an exoskeleton

Answer: True coelom and metameric
segmentation

68. The bristle-like structures aiding
locomotion in annelids are called:

A) Parapodia

B) Setae (chaetae)

C) Spicules
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D) Cilia

Answer: Setae (chaetae)

69. The circulatory system in annelids is:
A) Open

B) Closed

C) Absent

D) Lacunar

Answer: Closed

70. Earthworms belong to the annelid class:
A) Polychaeta

B) Oligochaeta

C) Hirudinea

D) Cestoda

Answer: Oligochaeta

71. Leeches (Hirudinea) secrete an
anticoagulant called:

A) Heparin

B) Hirudin

C) Hemocyanin

D) Cyanide

Answer: Hirudin

72. Rotifers are characterized by a anterior
ciliary structure called the:

A) Lophophore

B) Corona

C) Radula

D) Chelicera

Answer: Corona

73. The lophophorate phyla are defined by
having a:

A) Trochophore larva

B) Ciliated tentacular feeding structure

C) Calcium carbonate shell

D) Nematocysts

Answer: Ciliated tentacular feeding structure
74. Roundworms (Nematoda) have a body
cavity that is a:

A) True coelom

B) Pseudocoelom

C) Acoelomate

D) Hemocoel

Answer: Pseudocoelom

75. The tough outer covering of nematodes,
which is molted, is the:

A) Cuticle

B) Tegument

C) Mantle

D) Test

Answer: Cuticle

76. Nematode movement is characterized by
thrashing due to the presence of only:

A) Circular muscles

B) Longitudinal muscles

C) Both circular and longitudinal muscles

D) No muscles

Answer: Longitudinal muscles

77. Caenorhabditis elegans is a famous model
organism belonging to which phylum?

A) Platyhelminthes

B) Annelida

C) Nematoda

D) Arthropoda

Answer: Nematoda

78. The largest animal phylum is:

A) Mollusca

B) Chordata

C) Arthropoda

D) Nematoda

Answer: Arthropoda

79. A key innovation of arthropods is their:
A) Hydrostatic skeleton

B) Notochord

C) Chitinous exoskeleton

D) Dorsal hollow nerve cord

Answer: Chitinous exoskeleton

80. The process of shedding the exoskeleton in
arthropods is called:

A) Metamorphosis

B) Ecdysis

C) Torsion

D) Schizocoely

Answer: Ecdysis

81. The main body cavity in arthropods,
where hemolymph circulates, is the:

A) Coelom

B) Pseudocoelom

C) Hemocoel

D) Gastrovascular cavity

Answer: Hemocoel

82. Excretion in terrestrial insects occurs via:
A) Protonephridia

B) Metanephridia

C) Malpighian tubules

D) Flame cells

Answer: Malpighian tubules

83. Chelicerates (like spiders) possess
mouthparts called:

A) Antennae

B) Mandibles
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C) Chelicerae

D) Maxillae

Answer: Chelicerae

84. Crustaceans are characterized by having:
A) One pair of antennae

B) Two pairs of antennae

C) No antennae

D) Chelicerae

Answer: Two pairs of antennae

85. The larval form of many crustaceans is
the:

A) Trochophore

B) Nauplius

C) Veliger

D) Bipinnaria

Answer: Nauplius

86. Insects have a body divided into:

A) Cephalothorax and abdomen

B) Head, thorax, and abdomen

C) Prosoma and opisthosoma

D) Head and trunk

Answer: Head, thorax, and abdomen

87. Complete metamorphosis in insects
involves the stages:

A) Egg, nymph, adult

B) Egg, larva, pupa, adult

C) Egg, instar, adult

D) Egg, nauplius, adult

Answer: Egg, larva, pupa, adult

88. Adult echinoderms exhibit which type of
symmetry?

A) Bilateral

B) Radial

C) Pentaradial

D) Asymmetry

Answer: Pentaradial

89. The unique hydraulic system in
echinoderms used for locomotion and feeding
is the:

A) Gastrovascular system

B) Water vascular system

C) Circulatory system

D) Tracheal system

Answer: Water vascular system

90. The entrance to the water vascular system
in sea stars is the:

A) Osculum

B) Madreporite

C) Spiracles

D) Incurrent siphon

Answer: Madreporite

91. Sea urchins possess a complex jaw
apparatus called:

A) Radula

B) Mastax

C) Aristotle's lantern

D) Chelicerae

Answer: Aristotle's lantern

92. Which of the following is NOT a defining
chordate characteristic?

A) Notochord

B) Dorsal hollow nerve cord

C) Ventral solid nerve cord

D) Pharyngeal gill slits

Answer: Ventral solid nerve cord

93. In tunicates (Urochordata), the adult
retains only which chordate feature?

A) Notochord

B) Post-anal tail

C) Pharyngeal slits

D) Dorsal hollow nerve cord

Answer: Pharyngeal slits

94. The invertebrate chordate that retains all
chordate features throughout life is the:
A) Tunicate

B) Lancelet (Amphioxus)

C) Hagfish

D) Sea squirt

Answer: Lancelet (Amphioxus)

95. A key vertebrate innovation derived from
embryonic neural crest cells is the:

A) Notochord

B) Cranium (skull)

C) Pharyngeal slits

D) Endostyle

Answer: Cranium (skull)

96. Jawless vertebrates (Agnatha) include:
A) Sharks and rays

B) Lampreys and hagfish

C) Bony fish

D) Frogs and salamanders

Answer: Lampreys and hagfish

97. Jaws in gnathostomes are thought to have
evolved from modified:

A) Fin rays

B) Vertebrae

C) Pharyngeal (gill) arches

D) Skull bones

Answer: Pharyngeal (gill) arches
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98. Cartilaginous fishes (Chondrichthyes)
have scales called:

A) Cycloid

B) Ctenoid

C) Placoid

D) Ganoid

Answer: Placoid

99. The buoyancy organ in most bony fishes is
the:

A) Lung

B) Swim bladder

C) Gas gland

D) Oil-filled liver

Answer: Swim bladder

100. The group of bony fishes considered
ancestral to tetrapods is the:

A) Actinopterygii

B) Sarcopterygii

C) Chondrichthyes

D) Dipnoi

Answer: Sarcopterygii

101. Tetrapods are characterized by having:
A) Fins

B) Four limbs with digits

C) Scales

D) Gills throughout life

Answer: Four limbs with digits

102. Amphibians typically have a heart with:
A) Two chambers

B) Three chambers

C) Four chambers

D) Five chambers

Answer: Three chambers

103. A key adaptation that freed reptiles from
aquatic reproduction is the:

A) Lungs

B) Moist skin

C) Amniotic egg

D) Three-chambered heart

Answer: Amniotic egg

104. Birds are considered:

A) Avian reptiles

B) Avian amphibians

C) Mammals with feathers

D) A separate kingdom

Answer: Avian reptiles

105. A key adaptation for bird flight is:
A) Heavy bones

B) Pneumatic (air-filled) bones

C) Teeth for chewing

D) A urinary bladder

Answer: Pneumatic (air-filled) bones

106. Unidirectional airflow in bird lungs is
aided by:

A) Alveoli

B) Air sacs

C) Bronchioles

D) Diaphragm

Answer: Air sacs

107. A defining characteristic of mammals is
the presence of:

A) Feathers

B) Scales

C) Mammary glands

D) Amniotic eggs

Answer: Mammary glands

108. The middle ear bones in mammals
(malleus, incus, stapes) evolved from bones in
the:

A) Skull

B) Jaw

C) Pelvis

D) Vertebral column

Answer: Jaw

109. Egg-laying mammals belong to the
subclass:

A) Prototheria

B) Metatheria

C) Eutheria

D) Theria

Answer: Prototheria

110. Marsupials are characterized by:

A) A placenta for long gestation

B) A pouch (marsupium) for development of
young

C) Laying leathery eggs

D) Lacking mammary glands

Answer: A pouch (marsupium) for
development of young

111. Primates are characterized by:

A) Hooves

B) Grasping hands and binocular vision

C) Wings

D) Echolocation

Answer: Grasping hands and binocular vision
112. In human evolution, bipedalism
appeared:

A) After a large brain evolved

B) At the same time as tool use

C) Before significant brain enlargement
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D) Only in Homo sapiens

Answer: Before significant brain enlargement
113. The correct sequence of germ layers
from outer to inner in triploblastic animals is:
A) Endoderm, Mesoderm, Ectoderm

B) Ectoderm, Endoderm, Mesoderm

C) Ectoderm, Mesoderm, Endoderm

D) Mesoderm, Ectoderm, Endoderm

Answer: Ectoderm, Mesoderm, Endoderm
114. A pseudocoelom differs from a true
coelom in that it is:

A) Completely absent

B) Fully lined by mesoderm

C) Not fully lined by mesoderm

D) Derived from the archenteron

Answer: Not fully lined by mesoderm

115. The body cavity in arthropods that is a
remnant of the coelom is often:

A) Large and functions as a hydrostatic skeleton
B) Reduced, with the hemocoel being dominant
C) Used for waste excretion

D) Lined with choanocytes

Answer: Reduced, with the hemocoel being
dominant

116. Indeterminate cleavage means that:

A) Cell fate is fixed early

B) Separated cells cannot form a complete
embryo

C) Cells remain totipotent if separated

D) It occurs only in protostomes

Answer: Cells remain totipotent if separated
117. The mesoderm in protostomes originates
from:

A) The wall of the archenteron

B) Cells near the blastopore lip

C) The ectoderm

D) The endoderm

Answer: Cells near the blastopore lip

118. Segmentation is advantageous because it
allows for:

A) Reduced mobility

B) Tagmatization and redundancy

C) Simpler nervous systems

D) Loss of Hox genes

Answer: Tagmatization and redundancy

119. The Ediacaran biota represents:

A) The first hard-shelled animals

B) The first land plants

C) Early macroscopic, soft-bodied animals

D) The age of dinosaurs

Answer: Early macroscopic, soft-bodied
animals

120. In the modern phylogenetic tree, the
group that contains both protostomes and
deuterostomes is:

A) Parazoa

B) Eumetazoa

C) Bilateria

D) Nephrozoa

Answer: Nephrozoa

121. Which of the following is a characteristic
of the phylum Echinodermata?

A) Bilateral symmetry in adults

B) A water vascular system

C) A radula for feeding

D) A mantle secreting a shell

Answer: A water vascular system

122. Which chordate feature is a flexible, rod-
like skeletal structure?

A) Dorsal hollow nerve cord

B) Notochord

C) Pharyngeal slit

D) Post-anal tail

Answer: Notochord

123. The respiratory pigment hemocyanin,
which contains copper, is found in:

A) Annelids

B) Most arthropods

C) Most molluscs

D) Vertebrates

Answer: Most molluscs

124. Animals that can tolerate a wide range of
salinity are said to be:

A) Osmoregulators

B) Osmoconformers

C) Stenohaline

D) Euryhaline

Answer: Euryhaline

125. The pinacoderm, choanoderm, and
mesohyl are body layers found in:

A) Cnidarians

B) Poriferans

C) Platyhelminthes

D) Nematodes

Answer: Poriferans

126. In the alternation of generations
(metagenesis) of some cnidarians, the polyp
stage is typically:

A) Haploid and sexual

B) Diploid and asexual
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") Motile and predatory

D) The dominant medusa form

Answer: Diploid and asexual

127. The tegument is a specialized body
covering found in which group of flatworms?
A) Turbellaria

B) Trematoda and Cestoda (Neodermata)

C) All Platyhelminthes

D) Only free-living forms

Answer: Trematoda and Cestoda
(Neodermata)

128. The intermediate host

for Schistosoma (blood fluke) is a:

A) Fish

B) Snail

C) Pig

D) Mosquito

Answer: Snail

129. In earthworms, excretion is carried out
by paired structures in each segment called:
A) Flame cells

B) Malpighian tubules

C) Metanephridia

D) Green glands

Answer: Metanephridia

130. Parthenogenesis, a form of asexual
reproduction, is observed in some members
of:

A) Porifera

B) Rotifera

C) Annelida

D) Chordata

Answer: Rotifera

131. The body of a nematode is covered by a
protective, non-living:

A) Shell

B) Mantle

C) Cuticle

D) Test

Answer: Cuticle

132. The infective stage of Wuchereria
bancrofti (filarial worm) is transmitted by:
A) Contaminated water

B) Mosquito bite

C) Ingesting undercooked pork

D) Skin contact with soil

Answer: Mosquito bite

133. The class Diplopoda includes:

A) Centipedes

B) Millipedes

C) Insects

D) Crustaceans

Answer: Millipedes

134. The compound eyes of insects are
composed of many individual units called:
A) Ommatidia

B) Ocelli

C) Retinulae

D) Lenses

Answer: Ommatidia

135. The vector for African sleeping sickness
is the:

A) Anopheles mosquito

B) House fly

C) Tsetse fly

D) Sand fly

Answer: Tsetse fly

136. The ecological role of earthworms in soil
is primarily as:

A) Predators

B) Parasites

C) Decomposers and aerators

D) Primary producers

Answer: Decomposers and aerators

137. The giant squid (Architeuthis) is notable
for being the:

A) Smallest mollusc

B) Largest invertebrate

C) Fastest swimmer

D) Only freshwater cephalopod

Answer: Largest invertebrate

138. The term "eutely" refers to:

A) Molting of the cuticle

B) Having a constant number of cells

C) A type of coelom formation

D) A larval stage

Answer: Having a constant number of cells
139. Which of the following structures is NOT
found in sea cucumbers (Holothuroidea)?
A) Tube feet

B) Respiratory trees

C) A well-developed test (hard shell)

D) Reduced ossicles

Answer: A well-developed test (hard shell)
140. In chordates, the endostyle or its
derivative has a role in:

A) Locomotion

B) Iodine metabolism and mucus production
C) Excretion

D) Neural signaling
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Answer: lodine metabolism and mucus
production

141. Hagfishes (Myxini) are unique among
vertebrates in that they:

A) Have jaws

B) Have a true vertebral column

C) Lack a cranium

D) Produce copious amounts of slime
Answer: Produce copious amounts of slime
142. In bony fish (Osteichthyes), the gills are
covered by a protective flap called the:

A) Operculum

B) Cloaca

C) Spiracle

D) Gill arch

Answer: Operculum

143. The "lateral line system" in fishes is used
for sensing:

A) Light

B) Sound and water pressure changes

C) Chemicals (taste)

D) Electric fields

Answer: Sound and water pressure changes
144. The amphibian order that includes
legless, burrowing species is:

A) Anura

B) Caudata (Urodela)

C) Gymnophiona (Apoda)

D) Testudines

Answer: Gymnophiona (Apoda)

145. In reptiles, the nitrogenous waste
product is primarily:

A) Ammonia

B) Urea

C) Uric acid

D) Creatinine

Answer: Uric acid

146. Crocodilians have a heart that is:

A) Two-chambered

B) Three-chambered

C) Four-chambered

D) Five-chambered

Answer: Four-chambered

147. The keeled sternum in birds is an
adaptation for:

A) Sound production

B) Flight muscle attachment

C) Egg protection

D) Digestion

Answer: Flight muscle attachment

148. The syrinx is the vocal organ of:

A) Mammals

B) Birds

C) Reptiles

D) Amphibians

Answer: Birds

149. Monotremes, like the platypus, differ
from other mammals by being:

A) Viviparous

B) Oviparous

C) Marsupial

D) Lacking hair

Answer: Oviparous

150. The muscular partition that aids
mammalian breathing is the:

A) Mesentery

B) Diaphragm

C) Septum

D) Peritoneum

Answer: Diaphragm

151. Heterodont dentition refers to:

A) Having continuously growing teeth

B) Having different types of teeth (incisors,
canines, etc.)

C) Having only one set of teeth in a lifetime
D) Lacking teeth entirely

Answer: Having different types of teeth
(incisors, canines, etc.)

152. Which of these is a key trend in human
evolution?

A) Loss of bipedalism

B) Decrease in brain size

C) Increase in jaw size

D) Bipedalism preceding large brain size
Answer: Bipedalism preceding large brain
size

153. Homo erectus is significant for being the
first hominin to:

A) Use stone tools

B) Migrate out of Africa

C) Develop agriculture

D) Create art

Answer: Migrate out of Africa

154. The concept that human "races' are not
valid biological subdivisions is supported by
the fact that:

A) There is no genetic variation in humans
B) Genetic variation within populations is
greater than between populations

C) All human populations are genetically
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identical

D) Racial categories are based on single genes
Answer: Genetic variation within populations
is greater than between populations

155. Which of the following is a function of a
true coelom?

A) Acts as a hydrostatic skeleton

B) Provides space for organ development

C) Allows independent movement of gut and
body wall

D) All of the above

Answer: All of the above

156. The blastocoel is:

A) The cavity of the blastula

B) The cavity formed during gastrulation

C) The same as the archenteron

D) The adult body cavity

Answer: The cavity of the blastula

157. Ecdysone is a hormone that regulates:
A) Digestion in molluscs

B) Molting and metamorphosis in arthropods
C) Reproduction in annelids

D) Regeneration in sponges

Answer: Molting and metamorphosis in
arthropods

158. The term "disinfestation" in
parasitology often refers to the removal of:
A) Bacteria

B) Viruses

C) Parasitic worms

D) Fungi

Answer: Parasitic worms

159. Hirudotherapy involves the medicinal
use of:

A) Leeches

B) Maggots

C) Bee venom

D) Snake venom

Answer: Leeches

160. Chitin is a polysaccharide found in the
exoskeletons of arthropods and also in the cell
walls of:

A) Plants

B) Fungi

C) Bacteria

D) Protozoa

Answer: Fungi

161. Polymorphism, the occurrence of
different zooid types, is characteristic of
colonial forms in which phylum?

A) Porifera

B) Cnidaria

C) Platyhelminthes

D) Annelida

Answer: Cnidaria

162. Coral bleaching results from the loss of:
A) Calcium carbonate

B) Zooxanthellae

C) Nematocysts

D) Choanocytes

Answer: Zooxanthellae

163. The respiratory pigment in annelids like
earthworms is:

A) Hemocyanin

B) Hemoglobin (dissolved in plasma)

C) Chlorocruorin

D) Myoglobin

Answer: Hemoglobin (dissolved in plasma)
164. In the life cycle of a fluke like Fasciola
hepatica, the miracidium larva infects a:
A) Human

B) Sheep

C) Snail

D) Fish

Answer: Snail

165. The larva of a freshwater mussel
(bivalve) that is parasitic on fish gills is the:
A) Trochophore

B) Veliger

C) Glochidium

D) Nauplius

Answer: Glochidium

166. The organ of Bojanus is the excretory
organ (metanephridia) found in:

A) Insects

B) Molluscs

C) Earthworms

D) Crustaceans

Answer: Molluscs

167. The pedicellariae are small pincer-like
structures used for defense and cleaning in:
A) Echinoderms

B) Cnidarians

C) Arthropods

D) Molluscs

Answer: Echinoderms

168. The subphylum Vertebrata is also known
as:

A) Urochordata

B) Cephalochordata
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C) Craniata

D) Hemichordata

Answer: Craniata

169. The group of fishes that can breathe air
using lungs or a lung-like swim bladder is:
A) Chondrichthyes

B) Actinopterygii

C) Sarcopterygii (lungfish)

D) Cyclostomata

Answer: Sarcopterygii (lungfish)

170. The order of amphibians that includes
frogs and toads is:

A) Caudata

B) Anura

C) Apoda

D) Testudines

Answer: Anura

171. The reptilian group that includes snakes
and lizards is:

A) Testudines

B) Squamata

C) Crocodilia

D) Sphenodontia

Answer: Squamata

172. The structure in birds that grinds food,
often containing ingested stones, is the:

A) Crop

B) Gizzard

C) Proventriculus

D) Cloaca

Answer: Gizzard

173. Poikilotherms (ectotherms) are animals
that:

A) Generate internal heat to maintain a constant
body temperature

B) Have a body temperature that varies with the
environment

C) Are always warm-blooded

D) Include all mammals and birds

Answer: Have a body temperature that varies
with the environment

174. Viviparity refers to:

A) Laying eggs

B) Giving birth to live young

C) External development of embryos

D) Asexual reproduction

Answer: Giving birth to live young

175. The connecting link between fish and
amphibians, based on fossil evidence, is a
genus like:

A) Archaeopteryx

B) Tiktaalik

C) Eusthenopteron

D) Coelacanth

Answer: Tiktaalik

176. The era known as the "Age of Reptiles"
is the:

A) Cenozoic

B) Mesozoic

C) Paleozoic

D) Precambrian

Answer: Mesozoic

177. The functional ovary and oviduct in most
birds are:

A) Both on the left side

B) Both on the right side

C) One on each side

D) Absent; they lay eggs without ovaries
Answer: Both on the left side

178. The main nitrogenous waste excreted by
insects is:

A) Ammonia

B) Urea

C) Uric acid

D) Guanine

Answer: Uric acid

179. Which of these insects undergoes
complete metamorphosis?

A) Grasshopper

B) Cockroach

C) Butterfly

D) Dragonfly

Answer: Butterfly

180. The silkworm moth (Bombyx mori) is an
economically important insect belonging to
the order:

A) Diptera

B) Lepidoptera

C) Hymenoptera

D) Coleoptera

Answer: Lepidoptera

181. In the five-kingdom system, animals are
placed in Kingdom Animalia, while Protozoa
are placed in Kingdom:

A) Monera

B) Protista (Protoctista)

C) Fungi

D) Plantae

Answer: Protista (Protoctista)
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82. Animals, fungi, and choanoflagellates are
grouped together in the superkingdom/clade:
A) Archaeplastida
B) Opisthokonta
C) Excavata
D) Unikonta
Answer: Opisthokonta
183. Which of the following is NOT a
characteristic of most animals?

A) Dominant diploid stage

B) Motile at some life stage

C) Cell walls made of cellulose

D) Sexual reproduction with gametes
Answer: Cell walls made of cellulose
184. The ability to determine cell fate
relatively late in development is called:
A) Determinate cleavage

B) Regulative development

C) Mosaic development

D) Gastrulation

Answer: Regulative development

185. The choanocyte cells of sponges resemble
the free-living:

A) Ciliates

B) Amoebas

C) Choanoflagellates

D) Dinoflagellates

Answer: Choanoflagellates

186. Which germ layer gives rise to the lining
of the digestive tract and associated organs?
A) Ectoderm

B) Mesoderm

C) Endoderm

D) Mesoglea

Answer: Endoderm

187. Which of the following is a triploblastic,
bilaterally symmetrical, coelomate
protostome?

A) Earthworm (Annelida)

B) Jellyfish (Cnidaria)

C) Sponge (Porifera)

D) Sea star (Echinodermata)

Answer: Earthworm (Annelida)

188. In a coelomate animal, the layer of
mesoderm lining the body wall is the:
A) Visceral peritoneum

B) Parietal peritoneum

C) Mesenchyme

D) Epidermis

Answer: Parietal peritoneum

189. The persistence of the blastocoel as the
body cavity is seen in:

A) Coelomates

B) Pseudocoelomates

C) Acoelomates

D) All triploblasts

Answer: Pseudocoelomates

190. Which of these animals has a hemocoel
as its main body cavity?

A) Earthworm

B) Grasshopper

C) Planarian

D) Human

Answer: Grasshopper

191. The term "tagmatization" refers to:
A) The fusion of segments into functional units
B) The process of molting

C) The formation of a blastula

D) Radial cleavage patterns

Answer: The fusion of segments into
functional units

192. The last common ancestor of all animals
lived approximately:

A) 1 billion years ago

B) >770 million years ago

C) 540 million years ago

D) 300 million years ago

Answer: >770 million years ago

193. A key driver proposed for the Cambrian
Explosion is:

A) A decrease in atmospheric oxygen

B) Predator-prey arms races

C) The formation of Pangaea

D) The extinction of dinosaurs

Answer: Predator-prey arms races

194. In some phylogenetic studies, which
group is controversially suggested as the most
basal metazoan?

A) Porifera

B) Cnidaria

C) Ctenophora

D) Platyhelminthes

Answer: Ctenophora

195. Which of the following systems is NOT
present in sponges?

A) Digestive system

B) Canal system for filter-feeding

C) Skeletal system (spicules/spongin)

D) High regenerative capacity

Answer: Digestive system
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Chapter 2
Division of Plants

Kingdom Plantae (Embryophytes) represents multicellular, photosynthetic eukaryotes that have
successfully colonized terrestrial environments. Modern classification follows a phylogenetic system,
reflecting evolutionary relationships rather than mere morphological similarity. Plants evolved
from freshwater charophyte green algae approximately 500 million years ago.

General Diagnostic Features Of Land Plants
¢ Eukaryotic & Multicellular: Composed of complex cells with membrane-bound organelles and
true nuclei.
e Autotrophic Nutrition: Perform photosynthesis using chlorophylls *a* and *b* within
chloroplasts. Storage product is starch.
e Cell Wall: Structural support provided by walls composed primarily of cellulose.
e Cuticle: A protective, lipophilic, waxy layer (containing cutin and waxes) covering aerial
epidermal surfaces to minimize water loss.
e Stomata (Sing. Stoma): Regulatable pores flanked by guard cells that allow for gas exchange
(CO: intake for photosynthesis, O release) while controlling transpirational water loss.
e Gametangia: Multicellular organs that produce and protect gametes.
o Antheridium: Produces numerous flagellated sperm cells.
o Archegonium: A flask-shaped structure producing a single, non-motile egg cell.
¢ Embryo Retention (Embryophytic Condition): The defining plant trait. The zygote develops
into a multicellular diploid embryo retained within and nourished by the maternal gametophyte
tissue.
e Alternation of Generations: A life cycle with multicellular haploid
(gametophyte) and multicellular diploid (sporophyte) phases.
o Gametophyte (n): Develops from a spore. Produces gametes via mitosis.
o Sporophyte (2n): Develops from the zygote. Produces haploid spores via
meiosis in sporangia.
o Evolutionary Trend: A progressive reduction of the gametophyte and elaboration of
the sporophyte, correlating with increasing terrestriality.
e Apical Meristems: Localized regions of perpetual embryonic cells at root and shoot tips,
enabling primary growth (extension) and complex tissue formation.
¢ Secondary Metabolites: Synthesis of diverse compounds (e.g., alkaloids, terpenes, phenolics)
for defense against herbivores, pathogens, and UV radiation.

Classification of Kingdom Plantae
I. Non-Vascular Plants (Bryophytes)
e Division: Bryophyta
o Class: Hepaticae (Liverworts) - e.g., Marchantia
o Class: Anthocerotae (Hornworts) - e.g., Anthoceros
o Class: Musci (Mosses) - e.g., Funaria
I1. Vascular Plants (Tracheophyta)
A. Seedless Vascular Plants (Cryptogams)
o Division: Pteridophyta (Ferns & Allies)
o Class: Psilopsida (Whisk ferns) - e.g., Psilotum
o Class: Lycopsida (Club mosses) - e.g., Lycopodium, Selaginella
o Class: Sphenopsida (Horsetails) - e.g., Equisetum
o Class: Pteropsida (True Ferns) - e.g., Pteris, Adiantum
B. Seed-Bearing Plants (Phanerogams/Spermatophytes)
e Division: Gymnospermae (Naked Seeds)
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o Class: Cycadopsida (Cycads) - e.g., Cycas
o Class: Coniferopsida (Conifers) - e.g., Pinus
o Class: Gnetopsida (Gnetophytes) - e.g., Gnetum
e Division: Angiospermae (Flowering Plants, Enclosed Seeds)
o Class: Dicotyledonae (Dicots) - 2 seed leaves; net-veined leaves
o Class: Monocotyledonae (Monocots) - 1 seed leaf; parallel-veined leaves

BRYOPHYTA (NON-VASCULAR PLANTS)

Bryophytes are a paraphyletic group representing the earliest diverging land plant lineages. They lack
true vascular tissue (xylem/phloem) and true roots, stems, and leaves, though they may have
analogous structures. They are habitat-restricted to moist environments due to poikilohydric nature
(water content varies with environment) and require water for sperm motility. The gametophyte is the
dominant, persistent, photosynthetic phase.

operculum

calyptra

leaves

rhizoids
Feature

Gametophyte Form

spores

germinating
spore

sporophyte
A

young leafy
gametophyte

protonema

=

Mosses (Bryophyta)

Erect, "leafy"
shoots (not true
leaves). Multicellular

enlarging
archegonium

Al

Liverworts
(Marchantiophyta)
Thalloid (flat, ribbon-
like, e.g., Marchantia)
or leafy (two rows of

Hornworts
(Anthocerotophyta)
Simple, thalloid. Cells
contain a single large,
plate-like

cups producing
discoid gemmae.
Thallus branching.

rhizoids. leaves). Unicellular chloroplast (algae-
rhizoids. like).
Asexual Reproduction | Fragmentation. Via gemmae Fragmentation.

Sporophyte Structure

Differentiated: Foot (a
bsorption), Seta (stalk),
Capsule (sporangium).
Grows apically.

Differentiated: Foot,
seta, capsule.
In Marchantia, borne

on archegoniophores.

Ephemeral.

Elongated, horn-like,
photosynthetic
capsule. Grows from

a basal intercalary
meristem (indeterminat
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1. Vascular Tissue: Enables efficient long-distance transport.
o Xylem: Conducts water and dissolved minerals upward from roots.
Contains tracheids (all vascular plants) and/or vessel elements (angiosperms,
gnetophytes); walls fortified with lignin.
o Phloem: Conducts dissolved organic compounds bidirectionally. Contains sieve tube
elements with companion cells (angiosperms) or sieve cells (other vascular plants).
2. True Roots, Stems, and Leaves: Provide anchorage, increase absorptive surface area, and
enhance photosynthetic capacity.
Evolution of Leaves:
o Microphyll: Small, with a single, unbranched vascular trace. Evolved from enations.

7~ Z
ae

|__ 1]
Characteristic of lycophytes. *!4_
o Megaphyll: Large, with complex, branched venation. Evolved via the "Overtopping, E
Planation, Webbing" model from a branched stem system. Characteristic of ferns and E'
seed plants. Its evolution is linked to declining atmospheric CO: in the Late Paleozoic. =]
_ A*V)05 0 sporangium o
(322 o ey
;'-q
spores
=
H
wn

gametophyte
(prothallium)
leaf of
young
sporophyte antheridium

sporophyte

=

' éametophyte Q:
SEEDLESS VASCULAR PLANTS (PTERIDOPHYTES)

A paraphyletic group that reproduces via water-dependent spores, not seeds. They were the dominant
flora during the Carboniferous period ("Coal Age").
Major Clades of Seedless Vascular Plants

nZ O—~=ppXpPp»dimXo

Sporophyte Reproductive Key Examples &
Group / Phylum Characteristics Features Notes
Homosporous Lycopodium (clubmoss)
True roots, stems (e.g., Lycopodium) , Selagz:nella (spjkemos
Lycophytes with microphylls. or hetgrosporous (e.g., s). Anmeqt relatives
(Lycopodiophyta) Selaginella). Sporangia | (e.g., Lepidodendron)
yeop p borne on sporophylls, | were giant
often clustered trees forming
into strobili (cones). Carboniferous coal.
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e Extreme Reduction of Gametophytes: Microscopic, entirely dependent on and protected withir
the parental sporophyte (in cones or flowers).

o Heterospory: Universal.

e Ovules: The integument (protective layer) surrounds the megasporangium (nucellus), forming
the ovule, which becomes a seed after fertilization. The opening is the micropyle.

¢ Pollen Grains: The male gametophyte, dispersed by wind or animals. Delivers sperm directly to
the ovule via a pollen tube.

e Seeds: A dormant, dispersal-resistant structure containing: 1) An embryo (new sporophyte),
2) Nutritive tissue (female gametophyte in gymnosperms, endosperm in angiosperms), 3) A
protective seed coat (from integuments).

GYMNOSPERMS (NAKED SEED PLANTYS)

Gymnosperms have ovules and seeds exposed on the surface of sporophylls, usually aggregated
into cones. They were dominant during the Mesozoic era.

Single scale
(sporophyll)

Scale sectioned
through

Nucellus
ovule .(megasporan-
Fe \‘ / gium) (2n)
i
./ _' Megaspore
i » mother cell
,\ [/ (@
= Pollen cone Q\J- Integuments
3 2n)
Sporophy ' \\'{ £
\, PoLLinaTion @ {I‘lcropyle
"‘ ‘i = *“  MEIOSIS /\‘
7 - ¥ o /
Microsporangium el @/ .'
MElosIs grains (n) /
Mature '\‘ ~ |
sporophyte Megaspore(n)—-—r; |

Seed coat (2n)
(derived from
parent

' Seedling sporophyte) |rliegumerlts(2n} / W /

] P ‘; \ E ‘

‘II e i / /{ { nﬂg \\ Femaleqameiophyle
Pine SR ECIY O«L""

Qﬁilﬁ‘ /7.\/51/ \|‘ .';.’J/ ] !. _\{:Archegonlum (m)
|

7 I Ega (n)
Ve 1)) —
Food -1 é‘ | 4 Discharged Germinating
reserves (1) Ly sperm nucleus (n)  pollen (n)
etoph /
glgal:une]up 2 Ir" FERTILIZATION \Follen tube (n)
Embryo {2n) KEYTOLABELS
ebsis Haploid (r)
Diploid {2n)

Overview of Extant Gymnosperm Phyla

. Unique Traits &
Morphology Reproduction AT
Largest group (~630
Mostly evergreen spp.). Xylem

Monoecious typically.

Wind pollination. Non-
motile sperm delivered
via pollen tube.

trees/shrubs.
Leaves: needles or
scales. Resin
canals present.

has tracheids only (no
vessels). Dominant in
boreal

forests. Pinus (pine), Se
quoia (redwood).

Coniferophyta
(Conifers)
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e Carpel: Novel structure that completely encloses the ovule(s). The basal ovary matures into
a fruit.

o Efficient Vascular System: Xylem contains vessel elements (faster water flow); phloem
contains sieve tube elements with companion cells.

The Angiosperm Life Cycle:

1. Male Gametophyte Development: Microsporocyte (2n) in anther — meiosis — 4 microspores
(n) — mitosis — 2-celled pollen grain (Vegetative cell + Generative cell).

2. Female Gametophyte (Embryo Sac) Development: Megasporocyte (2n) in ovule — meiosis —
4 megaspores (3 degenerate). Functional megaspore undergoes 3 mitoses — 8-nucleate, 7-celled

N
=

~ L

embryo sac (Polygonum type): Egg apparatus (1 egg + 2 synergids), Central cell (2 polar nuclei), ~1
3 antipodal cells. ﬂ_
3. Pollination & Pollen Tube Growth: Pollen lands on stigma. Generative cell divides into two (77
sperm. Pollen tube grows down style to ovule. E'
4. Double Fertilization: =]
o One sperm fuses with egg — diploid zygote. -
o Other sperm fuses with two polar nuclei — triploid primary endosperm -
nucleus — endosperm. '-d
5. Seed & Fruit Development: Ovule — seed (embryo + endosperm + seed coat). Ovary wall —
(pericarp) — fruit. =~}
megasporangium =
S immature ovule Q
gynoecium | | ovary nucellus
— megasporocyte

ovule

~
stalk micropgh;\

< -‘: megaspores
ahtRBk microsporangium &
- stamen 2 \
/ D megagametophyte (n

micrasporocyte generative
‘ cell embryo sac
microspore tetrad pollen
young grain

sporophyte (2n) tube cell
microgametophyte (n) ;ﬂglfeus
germinating pollen grain

sperm l pollen
tube

antipodals
embryo sac
polar nucleus

synergid
~ edg
synergid mature ovule

»nzZ O —~—=p» R p>oimX

5

pollination |

' AR AN
endosperm nucleus ()

zygote
embryo sac

Angiosperm Phylogeny & Major Clades:
e Basal Angiosperms (ANA Grade): Amborella trichopoda (sister to all others), Nymphaeales
(water lilies), Austrobaileyales.
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Solanaceae holds a unique and critical position in global agriculture and medicine, providing staple food
crops alongside powerful alkaloids that are both poisonous and therapeutic.

o Staple Food Crops: This family is essential to human nutrition, contributing several of the
world's most important vegetable crops. Key members include the potato (the world's fourth-
largest food crop), tomato, eggplant (aubergine), and peppers (both bell peppers and chili
peppers). These form the basis of countless cuisines.

e Drugs and Medicinal Alkaloids: Solanaceae plants are rich in tropane and other alkaloids,
making them a primary source for the pharmaceutical industry. Examples include:

o Tebacco (Nicotiana tabacum), for the stimulant nicotine.

o Deadly Nightshade (Atropa belladonna), source of atropine used in ophthalmology and
as an antispasmodic.

o Henbane (Hyoscyamus) and Thorn Apple (Datura), sources of scopolamine and
hyoscyamine.

e Ornamentals: Popular garden flowers like petunias, angel's trumpet (Brugmansia), and butterfly
flower (Schizanthus) belong to this family.

¢ Duality of Use: The family famously illustrates the fine line between food, medicine, and poison.
While tomatoes and potatoes are dietary staples, their leaves and green parts contain toxic
solanine. This duality underscores the importance of proper preparation and species
identification.

Family: Fabaceae/Leguminosae (The Legume or Pea Family)
Fabaceae is one of the most economically vital plant families due to its unparalleled role in nutrition,
agriculture, industry, and ecology, primarily because of its unique symbiotic nitrogen-fixing ability.

e Pulses and Food Crops: The family's dry seeds, known as pulses, are a primary source of plant-
based protein for billions of people. Major examples include pea, bean, lentil, chickpea, soybean,
peanut, and alfalfa (for forage). Soybean is particularly industrially significant for oil, animal
feed, and textured vegetable protein.

e Nitrogen Fixation and Soil Fertility: Through root nodules containing Rhizobium bacteria,
leguminous plants convert atmospheric nitrogen into ammonia, enriching the soil. This makes
them crucial in crop rotation systems, green manuring (e.g., clover, alfalfa), and land reclamation,
reducing the need for synthetic fertilizers.

e Timber and Industrial Products: Several species yield high-quality timber, such as Indian
rosewood (Dalbergia sissoo), blackwood, and Acacia species. Indigo dye comes from /ndigofera
tinctoria. Gum arabic, a vital food additive, is exuded from Acacia senegal.

e Forage and Fodder: Clover, alfalfa (Ilucerne), vetches, and many others are essential pasture and
hay crops for livestock worldwide.

¢ Ornamental Plants: Many are prized in horticulture, including the gulmohar or flame tree
(Delonix regia), laburnum, wisteria, lupin, and sweet pea.

e Subfamily Distinctions:

o Faboideae (Papilionaceae): Contains most edible pulses (pea, bean, soybean), forage
crops (clover, alfalfa), and timber trees (rosewood).
o Caesalpinioideae (Caesalpiniaceae): Includes ornamental trees like gulmohar, royal
poinciana, and the tamarind tree (for its edible fruit pulp).
o Mimosoideae (Mimosaceae): Includes Acacia species (for timber, gum, tannin, and
fodder), Albizia (ornamental silk trees), and Mimosa.
Family: Poaceae/Gramineae (The Grass Family)
Poaceae is the most economically important plant family on Earth, forming the foundation of global food
security, livestock production, and several key industries.

e Cereal Crops (Staple Foods): Grasses provide the cereal grains that are the primary calorie
source for humanity. The "big three" cereals—rice, wheat, and maize (corn)—dominate world
agriculture. Other vital cereals include barley, oats, rye, millet, and sorghum.
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Practice MCQs

1. Which modern system of classification
reflects evolutionary relationships among
plants?

A) Artificial system

B) Natural system

C) Phylogenetic system

D) Linnaean system

Answer: Phylogenetic system

2. Plants are believed to have evolved from
which group of algae?

A) Rhodophyceae

B) Phacophyceae

C) Charophyceae (Zygnematophyceae)

D) Chlorophyceae

Answer: Charophyceae (Zygnematophyceae)
3. What is the primary storage product in
plants?

A) Glycogen

B) Cellulose

C) Starch

D) Lipids

Answer: Starch

4. Which structure minimizes water loss in
land plants by covering aerial epidermal

surfaces?

A) Stomata

B) Cuticle

C) Lenticels

D) Hydathodes

Answer: Cuticle

5. Regulatable pores flanked by guard cells
that facilitate gas exchange are called?
A) Hydathodes

B) Lenticels

C) Stomata

D) Trichomes

Answer: Stomata

6. The multicellular organ that produces and
protects the egg in plants is the?

A) Antheridium

B) Archegonium

C) Sporangium

D) Gametangium

Answer: Archegonium

7. The defining trait of embryophytes is?
A) Presence of vascular tissue

B) Retention of the multicellular embryo
C) Dominant sporophyte generation
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Chapter 3

Cell Division

Cell division is the fundamental process where a parent cell divides into two or more daughter cells.
Essential for:

e Growth & Development

e Tissue Repair & Renewal

¢ Reproduction (asexual & sexual)
Two main types in eukaryotes:

e Mitosis: Produces genetically identical somatic cells

e Maeiosis: Produces genetically diverse gametes

~ L

Eukaryotic Chromosome Structure & Packaging E‘)
Chromosome Composition @
e Made of chromatin = DNA + proteins (histones & non-histones) )
o Histones (H2A, H2B, H3, H4): Positively charged proteins for DNA wrapping —
e Non-histone proteins: Structural & regulatory functions O
Levels of Chromatin Packaging <
Level Structure Description a
1° Nucleosome 146 bp DNA wrapped around histone octamer (2 each: H2A, @
H2B, H3, H4)
2° 30-nm Fiber Nucleosomes packed with linker histone H1
3° Looped Domains 30-nm fibers form loops attached to protein scaffold
4° Metaphase Chromosome Maximum condensation via condensin proteins

Chromosome Terminology

e Diploid (2n): Two sets of chromosomes
(human somatic cells: 2n=46)

e Haploid (n): One set of chromosomes (human
gametes: n=23) .

e Homologous Chromosomes: Paired Cohasin

. proteins

chromosomes (one maternal, one paternal) with

Sister
chromatids

same genes at same loci ;Zr;{t)rr??fere
e Sister Chromatids: Two identical copies of a L ——

chromosome after S phase, held by cohesin

¢ Centromere: Constricted region where sister
chromatids attach

¢ Kinetochore: Protein complex on centromere

for microtubule attachment Kinetochore

»nzZ O —~—=p» R p>oimX

e Telomeres: Repetitive DNA sequences at Kinetochore
chromosome ends, prevent degradation micrchibuics etann
. t
The Cell Cycle: Phases & Regulation eigsome
Cell Cycle Overview

Cyclic process between end of one division and beginning of next:
INTERPHASE (90% of cycle)
e The cell cycle is the ordered series of events that leads to cell growth and division into two
daughter cells.
e It ensures faithful duplication of genetic material (DNA) and equal partitioning into daughter
cells.
e Two main phases:

Page 126
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Telophase Chromosomes decondense, nuclear Spindle disassembles
envelope reforms, nucleolus reappears
Mitosis, or somatic cell division

centrioles
aster

nucleus

duplicated

~ L

chromosome
nucleolus nuclear membrane
Prior to mitosis, each chromosome  In early prophase the centrioles, In late prophase the centrioles and ~ The doubled chromosomes—
makes an exact duplicate of itself. ~ which have divided, form asters asters are at opposite poles. The their centromeres attached to the
The chromosomes then thicken and move apart. The nuclear nucleolus and nuclear membrane spindle fibres—line up at mid-cell
and coil. membrane begins to disintegrate.  have almost completely disappeared. in metaphase.

»
®!
(g”)
—
@
e
)
(S
(¢”]

In early anaphase the centromeres In late anaphase the chromosomes  The cell membrane completes At mitosis completion, there are

split. Half the chromosomes move have almost reached their respective constriction in telophase. Nuclear  two cells with the same structures

to one pole, half to the other pole.  poles. The cell membrane beginsto  membranes form around the and number of chromosomes
pinch at the centre. separated chromosomes. as the parent cell.

Meiosis: Reduction Division
Unique Features of Meiosis
e Two divisions (Meiosis I & II) with one DNA replication
¢ Genetic variation via:
1. Crossing Over (Prophase I)
2. Independent Assortment (Metaphase I)
3. Random Fertilization
Meiosis is a special type of cell division that reduces the chromosome number by half (2n — n) and
produces four genetically different haploid cells. It is essential for sexual reproduction and formation of
gametes.
Meiosis consists of two successive divisions:
1. Meiosis I — Reductional division
2. Meiosis II — Equational division
MEIOSIS I (Reduction Division)
Chromosome number is reduced from diploid (2n) to haploid (n).
1. Prophase I (Longest and Most Complex Stage)
Divided into five substages:
Leptotene
e Chromosomes become visible as thin threads.
e Each chromosome consists of two sister chromatids (replicated during S-phase).
e Chromosomes begin condensation.

nZ O—~=ppXpPp»dimXo
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Meiosis, or sex cell division

~ L
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At the onset of meiosis, DNA

strands thicken into chromosomes.

Homologous chromosomes pair
to form bivalents. The centrioles

Homologous, or like, chromosomes  divide and move to opposite

begin to approach each other.

In early anaphase |, the tetrads

move along the spindle to their
respective centrioles.

Prophase Il begins. In the second
meiotic division, homologous
chromatids do not duplicate but

poles of the cell.

crossing
over

tetrad

The bivalents duplicate to form
tetrads, or four-chromatid groups.

The nuclear membrane disintegrates.
Crossing over (recombination) occurs.

In late anaphase |, the chromatids
separate, and the paired chromatids have almost reached the spindle
poles. The cell membrane begins

to constrict.

In telophase |, nuclear membranes
enclose the separated chromatids.
The cell membrane completes its
constriction.

In metaphase I, the chromatids

In anaphase Il, the now-separated

line up at mid-cell. The centrioles chromatids approach their

and asters are at the poles.

respective poles. The cell membrane

In metaphase |, the tetrads,
attached to spindle fibers at
their centromeres, line up at
mid-cell.

The first meiotic division ends.
There are now two cells, each

with the same number of

chromatids as the parent cell.

Telophase Il has been completed.
There are now four cells, each

with half the number of

merely separate. A spindle has formed. begins to constrict. chromosomes of the parent cell.
Mitosis vs Meiosis
Aspect Mitosis Meiosis I Meiosis 11
Purpose Growth, repair, asexual | Genetic diversity, Chromatid separation
reproduction chromosome reduction
Divisions 1 1 (of 2) 1 (of 2)
DNA Replication Each cycle Once before meiosis None
Synapsis No Yes (Prophase 1) No
Crossing Over No Yes (Pachytene) No
Metaphase Alignment Single chromosomes Homologous pairs Single chromosomes
Anaphase Separation Sister chromatids Homologous Sister chromatids
chromosomes

Kinetochore Attachment

Sister to opposite poles

Sisters to same pole

Sisters to opposite
poles

Outcome

2 identical diploid cells

2 haploid cells
(chromosomes
duplicated)

4 haploid gametes

Genetic Variation

None (except mutation)

High (crossing over,
independent assortment)

Maintains variation
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Down Syndrome | Meiotic Trisomy 21 1:700 ID, flat face, epic.
nondisjunction fold, heart defects
Edwards Meiotic Trisomy 18 1:5000 Clenched fists,
Syndrome nondisjunction rocker-bottom feet
Triploidy Fertilization error | 3n 1-3% pregnancies | Large placenta,
multiple anomalies
Microdeletion Unequal crossing | e.g., 22ql1.2 Variable DiGeorge,
M Syndromes over velocardiofacial
syndrome
K Cell division
Ea)
Eukaryotic Genetics of
[ chromosome ez iz cancer O
GyS o
P —
. - uses o
consists o ivided into i
of Checkpoints G,/IM involves O
R DNA e
. Spindl
contains Interphase M phase ) s l a
E Cyclin- o)
Chromatin dependent Mutations
kinases
P silent G S G, Mitosis Cytokinesis
loss of gain of
3 l | | function function
Heterochromatin DNA includes Division of
replication l cytoplasm
R expressed Tumor Proto-
r A SUpPressors oncogenes
A ; Prophase == Prometaphase —— Metaphase ——s Anaphase == Telophase
Euchromatin
| | | | example example
T Chromosomes . Chromosomes Sister Nuclear
" Mitotic - .
as two sister S — align at chromatids  envelope
I chromatids P metaphase plate ~ separate reforms p53 Ras
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Sexual

reproduction ==

| ’7|_ Meiosis | —|

Meiosis

I_ Mei0|sis Il —|

. separation h consists consists separation
requires of is of of of
| l | | is like l
Germ-line form o Homologous . o Sister
cells , chromosomes Reductive Prophase > chromatids
1 are
ae —3  undergo Mitosis
! ; Haploid —> Synapsis Metaphase | Metaphase ||
Diploid
combine l E‘)
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2n Fertilization 1n > Crossing-over Anaphase | Anaphase Il ( l
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[ S—1
produces Random
’ Telophase | Telophase || = Cytokinesis —— 4 haploid cells
l alignment
Zygote
1 a
s Cytokinesis [¢)
\
Diploid
2 cells

Cell Cycle: One Liners

e The ordered sequence of events from one cell division to the next is the cell cycle.

e The mitotic (M) phase alternates with the much longer interphase.

e Interphase accounts for about 90% of the cell cycle and is a period of growth and preparation.

e Interphase is divided into the G: phase (first gap, cell growth), S phase (synthesis, DNA
replication), and G: phase (second gap, preparation for division).

e The M phase includes mitosis (nuclear division) and cytokinesis (cytoplasmic division).

e Cells that are not dividing exit the cycle into a nondividing state called the Go phase.

e In humans, the entire cell cycle may take about 24 hours, with M phase lasting less than an hour.

e The S phase may occupy 10-12 hours, while Gu is typically the most variable in length.

e Acell’s DNA s called its genome; eukaryotic genomes consist of multiple DNA molecules.

e DNA is packaged with proteins into structures called chromosomes.

e The entire complex of DNA and proteins is called chromatin.

o Each eukaryotic species has a characteristic number of chromosomes in its somatic cells.

e Human somatic cells are diploid (2n), with 46 chromosomes (two sets of 23).

e Human gametes are haploid (n), with 23 chromosomes (one set).

e The two chromosomes of a pair are called homologous chromosomes (homologs); one from
each parent.

e Sex chromosomes (X and Y) determine sex; the others are autosomes.

¢ Before division, each chromosome is duplicated and consists of two identical sister chromatids.

e Sister chromatids are joined copies of the original chromosome, held together
by cohesin proteins.

e The region where sister chromatids are most closely attached is the centromere.

e A Kkinetochore is a protein structure that assembles on the centromere and attaches to spindle
microtubules.

e  When sister chromatids separate, they are considered individual daughter chromosomes.

Page 12| 26
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Practice MCQs

1. What is the primary purpose of mitosis
in multicellular organisms?

A) To produce genetically diverse gametes
B) To reduce the chromosome number by
half

C) To promote growth, tissue repair, and
asexual reproduction

D) To allow for genetic recombination
through crossing over

Answer: To promote growth, tissue repair,
and asexual reproduction

2. During which phase of the cell cycle
does DNA replication occur?

A) G1 phase

B) G: phase

C) M phase

D) S phase

Answer: S phase

3. Which protein forms a contractile ring
during cytokinesis in animal cells?

A) Tubulin

B) Actin

C) Keratin

D) Collagen

Answer: Actin

4. What is the term for the paired
maternal and paternal chromosomes that
carry the same genes?

A) Sister chromatids

B) Homologous chromosomes

C) Sex chromosomes

D) Recombinant chromosomes

Answer: Homologous chromosomes

5. The point of constriction on a
chromosome that holds sister chromatids
together is called the:

A) Kinetochore

B) Telomere

C) Centromere

D) Centrosome

Answer: Centromere

6. Which of the following is a key feature
of prophase I of meiosis that does NOT

occur in mitosis?

A) Chromosome condensation

B) Breakdown of the nuclear envelope
C) Synapsis and crossing over

D) Formation of the mitotic spindle
Answer: Synapsis and crossing over
7. What is the haploid (n) number of
chromosomes in a human somatic cell?
A)23

B) 46

C) 92

D)2

Answer: 23

8. The enzyme that adds DNA sequences
to telomeres to counteract shortening is:
A) DNA polymerase

B) Telomerase

C) Ligase

D) Primase

Answer: Telomerase

9. Which checkpoint ensures that all
chromosomes are properly attached to the
spindle before anaphase?

A) G1/S checkpoint

B) G2/M checkpoint

C) Spindle assembly checkpoint

D) Post-replication checkpoint

Answer: Spindle assembly checkpoint
10. What is the correct order of the
mitotic phases?

A) Prophase, Metaphase, Anaphase,
Telophase, Prometaphase

B) Prophase, Prometaphase, Metaphase,
Anaphase, Telophase

C) Interphase, Prophase, Metaphase,
Anaphase, Telophase

D) Prophase, Anaphase, Metaphase,
Telophase, Cytokinesis

Answer: Prophase, Prometaphase,
Metaphase, Anaphase, Telophase

11. Binary fission in bacteria is most
similar to which eukaryotic process?
A) Mitosis

Page 16| 26
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Chapter 4

Nucleic Acids and Chromosomes
Nucleic Acids

Nucleic acids are large, complex macromolecules that are essential for all known forms of life. They are
biopolymers composed of repeating monomeric units called nucleotides. Their primary function is to
store, transmit, and express genetic information.

Types of Nucleic Acids

There are two main types of nucleic acids, which differ in their structure, sugar component, and specific
roles within the cell:

Feature DNA (Deoxyribonucleic Acid) RNA (Ribonucleic Acid)

Full Name | Deoxyribonucleic Acid Ribonucleic Acid

Sugar Deoxyribose Ribose

Bases Adenine (A), Guanine (G), Adenine (A), Guanine (G), Cytosine (C), Uracil
Cytosine (C), Thymine (T) (U)

Structure Typically double-stranded (double | Typically single-stranded (but can fold)
helix)

Stability More chemically stable Less chemically stable

Primary Long-term storage of genetic Involved in the process of decoding DNA into

Role blueprints; hereditary material proteins; various functional roles

o DNA serves as the permanent, archival repository of genetic instructions for an organism's
development, functioning, and reproduction. It is located in the cell nucleus (and
mitochondria/chloroplasts).

¢ RNA acts as a messenger and helper molecule, carrying out the instructions encoded in DNA. It

is involved in protein synthesis (gene expression) and has other regulatory and catalytic functions.

Structure of Nucleotides
The nucleotide is the fundamental building block of all nucleic acids. Each nucleotide consists of three
components:
1. A Pentose Sugar: This is a 5-carbon sugar.
o In DNA, the sugar is deoxyribose (lacks an oxygen atom on the 2' carbon).

o In RNA, the sugar is ribose (has a hydroxyl NH 0

group on the 2' carbon). NN N _-N

2. A Phosphate Group: A phosphorus atom bonded to L \> J | \>
four oxygen atoms. This group is attached to the 5' : N HNT S N
carbon of the sugar. The phosphate group gives y i
nucleic acids their acidic character and allows Adenine (A) Guanine (G)

. . . . (6-aminopuring) (2-amino 6-oxypuring)
nucleotides to link together via phosphodiester NH,

=
N

bonds. Ndﬁ
3. A Nitrogenous Base: A nitrogen-containing |
molecule attached to the 1' carbon of the sugar. There T
are two categories of bases: |
o Purines (double-ring structures): Adenine Cytosine (C)
(A) and Guanine (G) (2-oxy 4-aminopyrimidine)
o Pyrimidines (single-ring i ~ i
structures): Cytosine (C), Thymine HN CHa HN
(T) (found only in DNA), and Uracil . J\ | c; |
(U) (found only in RNA). ‘ ‘“‘E ‘“‘E

Formation of a Nucleic Acid Strand: Nucleotides link Thymine (1) Uracil (U)
together via phosphodiester bonds, which form between the (2 4-dioxy-5 methylpyrimidine)  (2,4-dioxypyrimidine)
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e Linker DNA: Connects nucleosomes (~20-60 bp), associated with Histone H1, which helps
stabilize the structure.

e This forms the "beads on a string" structure (10 nm fiber).

Higher-Order Packaging

1. 30 nm Fiber: Nucleosomes coil into a solenoid structure, stabilized by H1 histones.

2. Chromatin Loops: The 30 nm fiber forms loops (40,000-100,000 bp each) anchored to a
protein scaffold (using proteins like cohesin, condensin).

3. Metaphase Chromosome: Further coiling and folding during cell division creates the highly
condensed, visible chromosomes.

Chromatin States
e Euchromatin: Less condensed, transcriptionally active, gene-rich.
o Heterochromatin: Highly condensed, transcriptionally inactive.
o Constitutive: Always condensed (e.g., centromeres, telomeres).
o Facultative: Can condense or decondense (e.g., X-chromosome inactivation).
Prokaryotic DNA Packaging

e DNA is circular and supercoiled.

e Organized into nucleoid-associated proteins (NAPs) (c.g., HU, H-NS) that bend and bridge
DNA, forming loops but no true nucleosomes.

Specialized DNA Structures

¢ Palindromic Sequences: Can form hairpins or cruciforms (in single-stranded or negatively
supercoiled DNA).

e Triplex DNA (H-DNA): Three-stranded structure in polypurine/polypyrimidine tracts.

¢  G-Quadruplex: Four-stranded structure formed in guanine-rich sequences (e.g., telomeres).

Functional Implications of Structure

e Complementarity & Replication: Strands serve as templates for accurate copying.

e Genetic Code: The sequence of bases encodes information for protein synthesis.

e Protein Recognition: Specific base sequences and groove geometries allow proteins to bind and
regulate genes.

o Stability: Hydrogen bonds provide specificity; base stacking and hydrophobic core provide
overall stability. The absence of a 2' OH makes DNA more chemically stable than RNA for long-
term storage.

Types of DNA:

Category of Type Key Characteristics | Primary Role/Notes

Based on B-DNA The classic, right- Predominant form under

Structural handed double helix. | physiological conditions. Standard

Conformation ~10 base pairs per model for genetic storage and
turn. Hydrated, function.

biologically most
common form.

A-DNA Shorter, wider right- | Found in DNA-RNA hybrids and
handed helix. ~11 some protein-DNA complexes.
base pairs per turn. More compact than B-DNA.
Forms under
dehydrating
conditions.

Z-DNA Left-handed double Associated with gene regulation,
helix with a zigzag especially near promoter regions.
backbone. ~12 base Induced by negative supercoiling.

pairs per turn. Forms
in sequences with
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« Contains the exit tunnel for the nascent
polypeptide.

Key Features:

e Extensive Secondary/Tertiary Structure: rRNA is highly folded with numerous stem-loops,
creating precise 3D scaffolds.

¢ Ribozymatic Activity: The peptidyl transferase reaction (forming the peptide bond) is
catalyzed by the rRNA itself, not the ribosomal proteins.

¢ Ribosome Assembly: rRNAs act as a "backbone" around which ribosomal proteins assemble.
The three-dimensional structure creates distinct functional sites: A site (aminoacyl-tRNA
binding), P site (peptidyl-tRNA binding), E site (exit).

5" el
|

deoxyribos:

/ H _on H
e
.CH2 2

NH,
X

nd H-</N | N adenine
/phosphate N)\H

(0]

N ~H

H< | N guanine
TN A

N NH2 _J
NH»

HO OH
ribose (in RNA)

X
o

H
uracil (in RNA)

HOCH, OH

H

H

HoS i

III1. Other Crucial Functional RNAs

H H H‘ )
H cytosine
H H H o
H CH, o
CH
H H 2
H
_(@

- purine bases

>_pyrimidine
o) bases
-H
| /NL thymine
(in DNA)
N-""0 )

H

Type Full Name  Size & Structure Primary Function
snRNA Small 100-200 nt; complex with Key components of the spliceosome;
Nuclear proteins to catalyze the removal of introns from
RNA form snRNPs ("snurps"). pre-mRNA in eukaryotes.
snoRNA Small 60-300 nt; found in the Guide the chemical
Nucleolar nucleolus. modification (e.g., methylation,
RNA pseudouridylation) of other RNAs,
primarily rRNAs and tRNAs.
miRNA MicroRNA | ~22 nt; form imperfect Gene regulation. Bind to
duplexes with target mRNA. | complementary sequences in the
3'UTR of target mRNAs, leading to
translational repression or mRNA
degradation.
siRNA Small ~21-23 nt; form perfect Gene silencing. Derived from long
Interfering duplexes. double-stranded RNA, they guide
RNA the RISC complex to cleave
complementary viral or transposon
mRNA. Also used in RNAi
technology.
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o Melting temperature (Tm): Dependent on G-C content (higher G-C = higher Tm).
¢ Renaturation (annealing/ hybridization): Complementary strands reassociate.
o Applications: Southern blot, PCR, DNA microarray, FISH.

is a double-stranded helical

o
~ Atthe simplest level, chromatin
structure af DMA.

i) P A, A MW A lll
Ky Vil sl LY | ;lr 1 ,L; | ,u | } f l
.’

~ L

o -
ph ] F iy = }
"'{f W /C/ P "~ Each nuclevsome consists of

3
e et eight histone proteins arcund
G‘\ =) g\ which the DNA wraps 1.65 times.
-/

DNA is complexed with histanes
toform nuclessomss. Nucleoseme core of r_a\
eight histone molecules A chromatasoame consists
- of a nucleasome plus the
H1 histone.

H1 histane
.. that forms loaps averaging ‘
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300 nm in length. g — %\
le—| —
11 nm — Chramatosome

300 nm
L le
. )’ The nucleosomes
o ) fold up to praduce
' —1 E, a 30-nm fiber...
= — —_—
e P ==
S “’:JP 30 nm
250-nm-wide fiber . 54

1400 nm

compressed and folded to fiber produces the chromatid
produce a 250-nm-wide fiber, of a chromosome,

=
Z
=
e
J—
o
i @
(g}
>
)
i @
Qu
7/}
<V
=]
Qu
@)
—x
-~
Q
=
=
7]
=
=
(4%
17/}

} )
Wi
The 300-nm fibers are j/Tight coiling of the 250-nm

CHROMOSOMES: STRUCTURE, CLASSIFICATION AND FUNCTION
Historical Background and Composition

¢ Walther Flemming (1882): First described chromatin in salamander cells.

e Heinrich Waldeyer (1888): Coined term "chromosome."

e Composition: DNA (30-40%), histones (30-40%), non-histone proteins (20-30%), RNA (<10%).
General Morphology of Metaphase Chromosome

e Sister chromatids: Two identical copies held at centromere.
Centromere (primary constriction): Kinetochore assembly site.
Chromosome arms: p (short) and q (long) arms.
Secondary constriction: Often associated with NOR (nucleolar organizer region).
Satellite: Terminal segment beyond secondary constriction.

e Telomeres: Terminal TTAGGG repeats + shelterin complex.
Chromosome Classification
Based on Centromere Position:

nZ O—~=ppXpPp»dimXo

Centromere Arm Ratio Anaphase Examples in Humans
Shape
Metacentric Median 1:1 V-shaped Chromosomes 1, 3, 16, 19,
20
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Submetacentric | Off-center ~1:1.5t0 1:2.5 L-shaped Chromosomes 2, 4, 5, 6-12,
17,18, X
Acrocentric Near end p arm very short J-shaped Chromosomes 13, 14, 15,
with satellite 21,22
Telocentric Terminal Only one arm (p arm | I-shaped Not in humans; common in
absent) mice

Based on Function:

e Autosomes: 22 pairs in humans; govern somatic traits.
e Sex Chromosomes (Allosomes): XX (female), XY (male).
o Y chromosome: Contains SRY (testis-determining factor); largely heterochromatic.

Metacentric

Salalite

Sub-metacentric

Acrocentric

Telocentric

o X-

Ceniromere

Chromosome arm

inactivation: Random inactivation of one X in female somatic cells — Barr body.

Regulated by XIC (X-inactivation center) and XIST IncRNA.

Based on Centromere Number:
e Monocentric: One centromere (standard).
¢ Dicentric/Polycentric: Unstable; can lead to breakage-fusion-bridge cycles.
e Acentric: No centromere; lost during division.
e Holocentric: Entire chromosome acts as centromere (e.g., C. elegans, Lepidoptera).
Specialized Chromosome Types

Polytene Chromosomes

Where Found
Salivary glands of
Diptera

(e.g., Drosophila)

Key Features
Endoreduplication —
1000s of aligned
chromatids;

distinct bands (genes)
and puffs (transcription
ally active).

Biological Significance
Used for gene mapping,
study of chromatin
structure.

Mitochondrial
Chromosome

Mitochondria

Circular (usually),
multiple copies per
organelle; high
mutation rate.

Maternal inheritance;
used in DNA
barcoding (COI gene).

Chromosomal Abnormalities and Clinical Relevance

Category Type Mechanism | Example Disorder Key Features
Numerical Aneuploidy | Nondisjuncti | Trisomy 21 (Down Intellectual disability,
on during Syndrome) characteristic facies, heart
meiosis defects.
45, X (Turner Short stature, webbed neck,
Syndrome) ovarian dysgenesis.
47, XXY (Klinefelter Tall, gynecomastia, small
Syndrome) testes, infertility.
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Pol ¢ Main Leading Strand Synthesis. Also has | High processivity with PCNA. Has
(epsilon) roles in repair. proofreading activity. More processive
than Pol 9.
Pol B (beta) | Base Excision Repair (BER). Not Repair-specific.
involved in bulk replication.
Pol vy Replicates Mitochondrial DNA. Located in mitochondria. Has
(gamma) proofreading.

Template Strand New Strand Template Strand New Strand

~ L

Sugar—
phosphate
aaaaaaa

Pyrophosphate

®
Sliding Clamp (B-clamp / PCNA)
¢ Function: A ring-shaped protein complex that encircles double-stranded DNA and tethers the
DNA polymerase to its template. This dramatically increases the processivity of the polymerase
(from adding tens to adding thousands of nucleotides without falling off).

e Structure & Loading:

o Prokaryotes: f-clamp, a homodimer forming a ring. Loaded onto primer-template
junctions by the y-complex clamp loader (uses ATP).

o Eukaryotes: PCNA (Proliferating Cell Nuclear Antigen), a homotrimer forming a
ring. Loaded by the RFC (Replication Factor C) clamp loader.

e "Toolbelt" Model: The clamp acts as a platform, holding not just polymerase but also other
enzymes (like ligase, nucleases) needed for efficient replication and repair.

DNA Ligase

¢ Function: Catalyzes the formation of a phosphodiester bond to seal nicks in the DNA
backbone. This is essential for joining Okazaki fragments on the lagging strand and completing
DNA repair.

e Mechanism: It requires a nick with a 3’-OH and a 5'-phosphate on adjacent nucleotides. It
uses energy from ATP (eukaryotes/archaca) or NAD* (prokaryotes) to activate the 5’-phosphate,
forming a covalent enzyme-AMP intermediate, before catalyzing the bond formation.

e Specificity: It joins DNA strands; it cannot join DNA to RNA. Therefore, all RNA primers must
be removed and replaced with DNA before ligase can act.

Mechanism of DNA Replication

This section details the step-by-step sequence of events, divided into three main phases.

(a) Initiation: Setting the Stage for Synthesis

The goal of initiation is to assemble the replication machinery and create the first primer for DNA
polymerase.

1. Binding of Initiator Proteins:
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More complex and less understood.

Replisome Pol I1I synthesizes both strands o .
. . . . . Lik involves separate but coordinated
Organization simultaneously via a looping
. polymerases for each strand.
lagging strand.
- . Proliferating Cell Nuclear Antigen
Sliding Clamp B2 clamp (homodimer). (PCNA) (homotrimer).
Replication Factor C
Clamp Loader v complex. (RFC) complex.
End- . .
Replication Not applicable (circular Present due to linear chromosomes.
chromosome).
Problem
. Telomeres & Telomerase. Telomerase
Solution to End , .
N/A. adds repeats to the 3' overhang in
Problem .
specific cells.
Major challenge. Histones are
Chromatin Not applicable (no disassembled ahea}d O.f the fork. and
Handling nucleosomes) reassembled behind it, involving
’ chaperones (FACT, CAF-1) and
histone recycling.
Replication initiation is the key Tightly ?n?:egrated. mnto cel! cycle
Cell Cycle phases. Origins are licensed in G1 and
N regulated event for cell .
Coordination e fired throughout S-phase in a regulated
division.
order.
Primar Origin Recognition Complex
Resula to}; DnaA protein binds OriC to (ORC) binds origins to license them.
Pgro tein y initiate replication. Activation involves CDKs and DDK

kinases.

Single-strand-binding
proteins (SSB)

DNA gyrase

DMNA Helicase
Primase

New bases

B clamp (sliding clamp)

New bases

Leading strand

Y

Clamp loader

2 )— Open B clamp

polymerase Il

Lagging strand
Okazaki fragment

DNA
polymerase |

DNA ligase
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o Branch Point: An adenine (A) residue ~20-50 nucleotides upstream of the 3’ splice site.
o Two-Step Transesterification:
1. The 2'-OH of the branch point A attacks the 5’ splice site, cutting it and forming
a lariat structure.
2. The newly freed 3’-OH of the 5’ exon attacks the 3’ splice site, joining the exons and
releasing the intron lariat (later degraded).
e Importance: Enables alternative splicing, where different combinations of exons are joined,

M allowing one gene to produce multiple protein variants (isoforms), vastly increasing :I;
proteomic diversity. Z
10. Regulation of Transcription [
K Operon Model (Lac Operon) 2
e Concept (Prokaryotes): An operon is a cluster of functionally related genes under the control of o
a single promoter, transcribed into a polycistronic mRNA. It allows coordinated regulation. S'
e Lac Operon (Inducible System): Controls genes for lactose metabolism. >
P o Genes: lacZ (B-galactosidase), lacY (permease), lacA (transacetylase). o
o Regulatory Elements: L snana N s a
R = Promoter (P): Binding site for Eon1 §g | Intron m—;\\ Exon 2 7
RNA polymerase: o - =X et pomtA g - )
E = Operator (O): Binding site for =1
the repressor pl‘otein' 1. snRNA forms basepairs with 5 end of intron, and at branch site. Q
= Jacl Gene: Encodes the Lac |
P repressor (constitutively @
expressed). L LT } _ =
. ) .)\J ; U | Splicecsome -
A o Mechanism: GQ' h ()
= No Lactose: Repressor binds the ) I\ =T E
R operator, blocks transcription. 2. snRNPs associate with other factors to farm spliceosome. ()
» Lactose Present: The | g
A inducer allolactose binds the -
repressor, causing a conformational /’_:\ - o E
T change that prevents it from SSa ) g
binding the operator. Transcription T— \th ——
proceeds.
| o Additional Layer (Catabolite S g s O THa® endof e kmonti encitl &
Repression): When glucose (preferred |
O carbon source) is low, cAMP levels are _
high. cAMP binds CAP (Catabolite _ )\ j}
N Activator Protein), which binds upstream Foceor ) 4 o
of the promoter and strongly activates Bt Eon2 m S 77
S transcription (only if repressor is also 5 Maure mRNA 3 ~ L
inactivated). 4. Exons are joined; spliceosome disassembles.

Enhancers and Silencers
e Definition: Distal regulatory DNA sequences (can be thousands of base pairs away from the
promoter) that dramatically increase (enhancers) or decrease (silencers) transcription rates.
¢ Key Properties:
o Orientation & Distance Independent: They function in either orientation (forward or
backward) and over long distances.
o Tissue/Cell-Type Specific: Bound by specific activator or repressor proteins that define
when/where a gene is expressed.
e Mechanism (Enhancer Loop Model): Proteins bound to the enhancer interact with proteins at
the promoter via DNA looping, bringing the enhancer close to the promoter. This recruits
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e Prokaryotes: fMet-tRNA™et (carrying N-formylmethionine).
¢ Eukaryotes: Met-tRNA™¢t (carrying methionine).
3. Initiation Factors (IFs / elFs): Proteins required for assembly.
e Prokaryotes (IFs): IF3 prevents premature large subunit binding. IF2 (GTPase) binds the
initiator tRNA. IF1 blocks the A site.
¢ Eukaryotes (elFs): More complex. eIF4F binds the 5’ cap. elF2 (GTPase) brings the initiator
tRNA. elF5 triggers GTP hydrolysis.
4. Formation of Initiation Complex:
¢ Prokaryotes: 30S subunit + [Fs + mRNA + fMet-tRNA — 30S initiation complex. GTP
hydrolysis on IF2 releases IFs and allows the 50S subunit to join, forming the 70S initiation
complex.
e Eukaryotes: 40S subunit + elFs + Met-tRNA scans mRNA — finds AUG — GTP hydrolysis —
60S subunit joins, forming the 80S initiation complex. Initiator tRNA is positioned in the P site.

fMet 3 Large 1 tRN.»_B‘-II"I
|—x--,’b subunit ) P site
. ' e N
ol AUG /¢ \ 7 —_— W
& & Initiation ¢

factor ¢

[WAc SZmRNA
5 Initiation
factor

—+~Small
subunit

5 —

T

= i
Initiation complex Complete ribosome

Initiation of translation. In prokaryotes, initiation factors play key roles in positioning the small ribosomal subunit, the
initiator tRNA™=!, and the mRNA. When the tRNA™2! is positioned over the first AUG codon of the mRNA, the large ribosomal subunit binds,
forming the E, P, and A sites where successive tRNA molecules bind to the ribosomes, and polypeptide synthesis begins. Ribosomal subunits are
shown as a cutaway sectioned through the middle.

B. Elongation: The Cycle of Amino Acid Addition
A repetitive cycle with three core steps, adding one amino acid per cycle.
1. Entry of Aminoacyl-tRNA into A Site (Decoding):
e The correct aminoacyl-tRNA is delivered to the A site as a complex with EF-Tu (prokaryotes)
or eEFla (eukaryotes) bound to GTP.
¢ Proofreading: If codon-anticodon pairing is correct, GTP is hydrolyzed, EF-Tu changes
conformation and dissociates, leaving the tRNA in the A site. If incorrect, the tRNA is rejected
before GTP hydrolysis.
2. Peptide Bond Formation (Peptidyl Transferase Activity):
e Catalyzed by the peptidyl transferase center of the 23S/28S rRNA (a ribozyme).
e The amino group of the amino acid in the A-site tRNA attacks the carbonyl carbon of the
amino acid linked to the tRNA in the P site.
e This forms a peptide bond and transfers the growing polypeptide chain from the P-site tRNA to
the A-site tRNA.
3. Translocation of Ribosome:
e Catalyzed by EF-G (prokaryotes) or eEF2 (eukaryotes) using GTP hydrolysis.
e The ribosome moves exactly one codon (3 nucleotides) toward the 3’ end of the mRNA.
e This movement simultaneously:
o Shifts the peptidyl-tRNA from the A site to the P site.
o Shifts the deacylated tRNA from the P site to the E site (from which it exits).
o Empties the A site for the next incoming aminoacyl-tRNA.
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Flongation Factors:
¢ EF-Tu/eEFla: Delivers aminoacyl-tRNA to A site.
o EF-Ts/eEF1py: Recycles EF-Tu by exchanging its GDP for GTP.
e EF-G/eEF2: Catalyzes translocation.

Amino end
NH:*—Amino (N terminus)
I group |

NH;+
-Amino a

ﬁ)_acim .
mino
0=Cc \?_acinﬂ

N I —Peptide
Polypeptide~ N bond Amino
chain N ) acid 2
-Amino

acid 2 —Amino
I acid 3

— Amino
I acid 4

—-—
Peptide
bond

formation Amino

I acid b

—Amino
I acid 6

—Amino
I acid 7
CO0-

1
Carboxyl end
(C terminus)

Peptide bond formation. Peptide bonds are formed between a “new” charged tRNA in the A site and the growing chain
attached to the tRNA in the P site. The bond forms between the amino group of the new amino acid and the carboxyl group of the growing chain.
This breaks the bond between the growing chain and its tRNA, transferring it to the A site as the new amino acid remains attached to its tRNA.

C. Termination: Releasing the Finished Protein
1. Recognition of Stop Codon:
e When a stop codon (UAA, UAG, UGA) enters the A site, it is not recognized by any tRNA.
2. Release Factors (RFs):
¢ Prokaryotes:
o RF1 recognizes UAA/UAG.
o RF2 recognizes UAA/UGA.
o RF3is a GTPase that stimulates RF1/RF2 release.
¢ Eukaryotes:
o eRF1 recognizes all three stop codons.
o eRF3 is a GTPase that assists.
3. Release of Polypeptide Chain:
e The release factor binds the stop codon in the A site.
e Itinduces the peptidyl transferase center to hydrolyze the bond linking the polypeptide to the
tRNA in the P site.
e The completed polypeptide is released.
¢ Ribosome Recycling: The ribosome dissociates into its subunits, aided by RRF (Ribosome
Recycling Factor) and EF-G in prokaryotes (similar factors in eukaryotes), ready for a new
round of translation.
8. Translation in Prokaryotes
Shine-Dalgarno Sequence
e  What: A purine-rich consensus sequence (AGGAGG) located ~10 nucleotides upstream of the
start codon (AUG) on prokaryotic mRNA.
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Polymerase Chain Reaction
(PCR)

Amplifies specific DNA
sequences using primers, Taq
polymerase, thermal cycling.

Species identification, population
genetics, ancient DNA analysis.

Gel Electrophoresis Separates nucleic acids by size in | Analysis of PCR products,
agarose/polyacrylamide matrix. restriction fragments.
DNA Sequencing Sanger: Chain termination with | Whole genome sequencing,

ddNTPs. NGS: Massively
parallel sequencing (Illumina,
Nanopore).

phylogenomics, SNP discovery.

Hybridization Techniques

Southern blot (DNA), Northern
blot (RNA), FISH (chromosomal
localization).

Gene mapping, chromosomal
abnormalities, gene expression.

Recombinant DNA
Technology

Restriction enzymes, ligation,
cloning vectors (plasmids, BACs,
YACs).

Gene cloning, transgenic animal
production.

CRISPR-Cas9

RNA-guided DNA endonuclease
for targeted genome editing.

Gene knockout/knockin in model
organisms, functional genomics.

RNA-seq NGS of cDNA from RNA Transcriptome analysis,
population. differential gene expression, non-
coding RNA discovery.
Gene expression
Central dogma Transcription RNA. Translation — requires
DNA—RNA—Protein processing
I
usles Lrequires—vl occurs in
Vl RNA "
Genetic code polymerase Eukaryotes Ribosome
| steps
steps
Universal includes also
includes
1 Initiation Promoter Anticodon
consists of
5’ cap Pre-mRNA _can result 1
Triplet uses | splicing n 1 Initiation contains
| and Alternati :
Transcription l requires ernative Charged
64 codons == Degenerate — q splicing tRNA
3’ poly-A
|— Specific tail Spliceosome
Elongation mems- 5’3’ 1 Elongation
code for l snRNPs 1
Ami Termination Termination REpLE]
TS Start Sto| transferase
acids P k removes == Introns
AUG L— joins —» Exons
o
Practice MCQs
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. Which nitrogenous base is found in RNA
but not in DNA?
A) Adenine
B) Guanine
C) Thymine
D) Uracil
Answer: Uracil
2. The Meselson-Stahl experiment
demonstrated that DNA replication is:
A) Conservative
B) Dispersive
C) Semiconservative
D) Non-conservative
Answer: Semiconservative
3. Which enzyme is responsible for
synthesizing RNA primers during DNA
replication?
A) DNA polymerase I
B) DNA polymerase I1I
C) Primase
D) Ligase
Answer: Primase
4. In the Watson-Crick model of DNA,
adenine pairs with:
A) Guanine
B) Cytosine
C) Thymine
D) Uracil
Answer: Thymine
5. Which type of RNA carries amino acids to
the ribosome during translation?
A) mRNA
B) tRNA
C) rRNA
D) snRNA
Answer: tRNA
6. The condition characterized by trisomy 21
is:
A) Turner syndrome
B) Klinefelter syndrome
C) Down syndrome
D) Cri-du-chat syndrome
Answer: Down syndrome
7. Which of the following is a purine base?
A) Cytosine
B) Thymine
C) Uracil
D) Adenine
Answer: Adenine

8. The Hershey-Chase experiment used whi
isotopes to label DNA and protein?

A) C and *H

B) *?P and **S

C) ®N and “N

D) '¥0 and H

Answer: **P and **S

9. Which enzyme relieves supercoiling ahead
of the replication fork?

A) Helicase

B) Topoisomerase

C) Primase

D) Ligase

Answer: Topoisomerase

10. The genetic code is said to be degenerate
because:

A) One codon codes for multiple amino acids
B) One amino acid can be coded by multiple
codons

C) It is the same in all organisms

D) It has start and stop signals

Answer: One amino acid can be coded by
multiple codons

11. Which histone protein is not part of the
nucleosome core octamer?

A) Hl

B) H2A

C)H3

D) H4

Answer: H1

12. Transcription in eukaryotes is carried out
by which RNA polymerase for mRNA?

A) RNA polymerase I

B) RNA polymerase IT

C) RNA polymerase 1

D) RNA polymerase [V

Answer: RNA polymerase I1

13. Which of the following mutations changes
a codon to a stop codon?

A) Missense

B) Nonsense

C) Silent

D) Frameshift

Answer: Nonsense

14. The "beads-on-a-string" structure of
chromatin refers to:

A) Nucleosomes

B) Solenoid fibers

C) Radial loop domains

MK PREPARATIONS: Let’s Make It Happen
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Chapter 5
Classical Genetics

¢ Genetics is the scientific study of heredity (transmission of traits from parents to offspring)
and variation (differences among individuals).

e Inheritance, the process encompassing both heredity and variation, is crucial for evolution and
speciation.

e Since genes control heredity and variation, genetics is fundamentally the study of genes.

e Molecular Basis: A gene is a specific DNA sequence that codes for a polypeptide
via transcription (DNA to mRNA in nucleus) and translation (mRNA to protein at ribosome).

¢ Gene — Basic unit of heredity; a segment of DNA coding for a polypeptide/trait. (Example: The
gene for flower color in peas.)

e Allele — Alternative form of a gene at the same locus. (Example.: The alleles for purple (P) or

white (p) flowers.)

Locus — Specific position of a gene on a chromosome.

Genotype — Genetic makeup of an individual. (Example: PP, Pp, or pp.)

Phenotype — Observable expression of a trait. (Example: Purple or white flowers.)

Homozygous — Having two identical alleles for a gene. (Example: PP or pp.)

Heterozygous — Having two different alleles for a gene. (Example: Pp.)

Hemizygous — Having only one allele for a gene (e.g., X-linked genes in males).

Wild type — Most common phenotype in natural populations.

Mutant phenotype — Trait alternative to wild type.

Gene Pool — All alleles present in a breeding population at a given time.

Law of Segregation (Principle of Segregation) — Alleles separate during gamete

formation. (Mendel's pea plant experiments.)

Law of Independent Assortment — Genes for different traits assort independently during gamete

formation.

P generation — Parental generation.

F.1 generation — First filial generation.

F: generation — Second filial generation.

True-breeding (Pure breeding) — Organisms that produce identical offspring when self-

fertilized.

e Monohybrid cross — Cross involving one trait. (Example: Crossing pure-breeding tall and dwarf
pea plants.)

e Dihybrid cross — Cross involving two traits. (Example.: Crossing plants differing in seed shape
and color.,)

e Testcross — Cross between an individual with unknown genotype and a homozygous recessive
individual.

e Complete Dominance — One allele completely masks the other. (Example: Mendel's pea traits.)

e Incomplete dominance — Heterozygote shows an intermediate phenotype. (Example: Pink
flowers from red and white snapdragons.)

e Codominance — Both alleles are fully expressed in the heterozygote. (Example: AB blood type;
speckled chicken feathers.)

e  Multiple alleles — More than two alleles exist for a gene in a population. (Example: ABO blood
group alleles: I, I, i.)

e Pleiotropy — One gene affects multiple traits. (Example: Sickle cell allele affects hemoglobin, red
blood cell shape, and causes anemia.)

o Epistasis — One gene affects the expression of another gene. (Example: Coat color in Labrador
retrievers, where one gene affects pigment deposition.)
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¢ Genetics and Breeding: The law is used in plant and animal breeding to produce individuals
with desired combinations of traits.

e Genetic Mapping: The degree of independent
assortment can be used to map genes on

Parents Generation

. F1G ti
chromosomes, as linked genes do not assort X ‘ I eneration
independently, Round Wrinkled Round

. . Yellow Green Yellow
e Human Genetics: The law helps explain how  (revy) (rryy) (RrYy)

traits such as eye color and hair color are
inherited independently of each other.
Dominance Relations in Genetics e
In genetics, dominance refers to the interaction ®evy)
between alleles of a gene, where one allele can mask RV Ry o o
the expression of another. This interaction influences RY
the phenotype (observable traits) of an organism.
Dominance relations describe how different alleles
for a single gene affect the organism’s traits. Rotnd
1. Types of Dominance Ry Y
a) Complete Dominance i Rryy rryy
In complete dominance, one allele completely masks L J L
the expression of the other allele. The dominant allele
determines the organism’s phenotype, while the recessive allele is hidden in the presence of the dominant
allele.

o Example: In pea plants, the allele for round seeds (R) is dominant over the allele for wrinkled
seeds (r). In a cross between RR (homozygous dominant) and rr (homozygous recessive), the F1
generation will have round seeds (Rr) because the dominant R allele masks the recessive r allele.

e Genotypic Ratio: 1 RR:2Rr: 1 1r

e Phenotypic Ratio: 3 round : 1 wrinkled (since both RR and Rr show round seeds)

b) Incomplete Dominance
In incomplete dominance, neither allele is completely dominant over the other. When both alleles are
present in the genotype, the phenotype is a blend or intermediate form of the two alleles.

e Example: In the case of flower color in snapdragons, the red flower allele (R) and the white
flower allele (r) exhibit incomplete dominance. When a red-flowered plant (RR) is crossed with a
white-flowered plant (11), the F1 generation consists of pink flowers (Rr), an intermediate
phenotype.

e Genotypic Ratio: 1 RR:2Rr: 11r

¢ Phenotypic Ratio: 1 red : 2 pink : 1 white

~ L

Round Yellow (n=9)

@ Round Green (n=3)

Ry RRyy Rryy Wrinkled Vellow (n=3)

‘ Wrinkled Green (n=1)

F2 Generation
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Red White
? )!#5 @)
) (R pgeneron (7 ®

@ F1 generation

Pink Heterozygote
Y8 Selfing

Intermediate Phenotype

~ L

F2 generation

Phenotypic ratio Red Pink White
1 2 1

Genotypic ratio R'R' R'R? R?R?
1 2 1 Craatad with RinRan:

¢) Co-Dominance
In co-dominance, both alleles in a heterozygous organism contribute equally and visibly to the
phenotype. Instead of one allele masking the other, both alleles are expressed simultaneously.

e Example: In human blood type inheritance, the A (I"A) and B (I"B) alleles are co-dominant. If a
person inherits one A allele and one B allele (I"A 1"B), both A and B antigens will be present on
the surface of red blood cells, resulting in AB blood type.

e Genotypic Ratio: 1 IAT4: 2TA1B: 1 1B B

e Phenotypic Ratio: AB : AA : BB
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Phenotype

(Blood type) 8 B AB 0
—A antigen B antigen
Antigens present on
red blood cells
|AIA 8|8

A B s
Genotype(s) A i 14 i

d) Recessive Alleles

In recessive inheritance, the recessive allele only manifests its trait when an individual inherits two
copies of it (homozygous recessive). If only one copy of the recessive allele is present (heterozygous), the
dominant allele will express its trait, and the recessive allele will be masked.

»nzZ O —~—=p» R p>oimX

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 Page 8|28



M
K

»nzZ O —~—=p» R p>oimX

= Masking: The dominant W allele masks the effect of the Y/y gene.
Example: Fruit colour in summer squash (Cucurbita pepo)

WWyy X wwYY
White Fruit l Yellow Fruit

FI Y
White Fruit
Wy Wy wY wy
WY WWYyY WWYy WwYY WwYy
&) Wy WWyYy Wwyy WwYy Wwyy
wY WwYY WwYy wwYY wwYy
wy WwYy Wwyy wwYy -

A dominant allele at the W locus suppresses the expression of any allele at the Y
locus
e Duplicate Recessive Epistasis (9:7 Ratio): The dominant allele at both loci is required for a trait
to be expressed. The recessive homozygous condition at either locus blocks the pathway.
o Classic Example: Flower color in sweet peas (complementary genes in Bateson &
Punnett's experiment).
= Gene C: C_= Produces a color precursor, cc = No precursor.
*= Gene P: P_= Converts precursor to pigment, pp = No conversion.
* Phenotypes: C P = Purple flowers, C_pp = White, ccP_ = White, ccpp =
White.

= Interpretation: Both functional gene products are needed for pigmentation.

CcP Cp cP cp

P CCPP | CCPp | CcPP | CcPp
Purple | Purple | Purple | Purple
White variety #1 White varlety #2
(GCrrr (ccPP) CCPp | CCpp | CcPp | Ccpp
Fy generation o op Purple | White | Purple | White
s VIR
Sl j o | CPP [ CoPp | ccPP | ccPp
Purple | Purple | White | White
All purple
(CcPp) & CePp | Cepp | ccPp | cepp
Purple | White | White | White

l Self-ferilization

9C P_:3C_pp:3ccP_:1cecpp

purple white

e Duplicate Dominant Epistasis (15:1 Ratio): A dominant allele at either locus is sufficient to
produce the phenotype. The phenotype only appears if both loci are homozygous recessive.
o Example: Seed capsule shape in shepherd's purse.
= Gene AorB: A or B =Triangular capsule.
= Double recessive: aabb = Ovoid capsule.

MK PREPARATIONS: Let’s Make It Happen
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Example Disorders Hemophilia A & B, Red-Green Color | X-Linked Dominant
Blindness, Duchenne Muscular Hypophosphatemic Rickets
Dystrophy. (Vitamin D-resistant rickets),

Alport Syndrome (most forms),
Rett Syndrome (almost always
occurs de novo in the affected
individual).

Key Takeaways:

e Allele Notation: X* = X chromosome with a recessive disease allele. X = X chromosome with a
dominant disease allele. XA = normal/wild-type allele.

e Male Inheritance: Males are hemizygous (have only one X chromosome), so a single recessive
allele will cause disease, and a single dominant allele will cause disease.

e Vertical vs. Skipped Generations: X-linked dominant disorders often show vertical
inheritance (every generation). X-linked recessive disorders often show a skipped
generation pattern through female carriers.

e Y-Linked (Holandric) Inheritance:

o Genes on the non-homologous region of the Y chromosome.
o Expressed only in males and passed directly from father to all sons (e.g., SRY gene,
hypertrichosis of the ears).

e Sex-Limited Traits: Expressed in only one sex due to anatomical/hormonal differences (e.g.,
beard growth in males, milk production in females, cock feathering in chickens). Can be
controlled by autosomal genes.

¢ Sex-Influenced Traits: Expressed in both sexes but with different frequency/penetrance due to
hormonal influence (e.g., pattern baldness in humans, horn size in sheep). An allele may
be dominant in one sex but recessive in the other.

Chromosomal Theory of Inheritance & Exceptions

e Sutton-Boveri Chromosome Theory (1902): Genes are located on chromosomes, and

chromosome behavior during meiosis explains Mendel's laws.
o Segregation — Separation of homologous chromosomes in anaphase 1.
o Independent Assortment — Random alignment of homologous pairs in metaphase I.

e Morgan's Evidence: Using Drosophila, provided first evidence linking a specific gene (white-
eye) to the X chromosome, establishing sex-linked inheritance.

Exceptions to Standard Mendelian Inheritance

¢ Genomic Imprinting: Phenotype varies based on parent of origin of an allele due to epigenetic
silencing (DNA methylation) during gamete formation. The imprint is reset each generation (e.g.,
Prader-Willi & Angelman syndromes, mouse /gf2 gene).

o Extranuclear (Organelle) Inheritance:

o Genes in mitochondria and chloroplasts.
o Exhibit maternal inheritance (zygote's cytoplasm comes from egg).
o Do not follow Mendelian patterns. Example: Leber's hereditary optic
neuropathy (mitochondrial DNA mutation), Variegation in plants (chloroplast genes).
Human Mendelian Genetics & Applications

o Pedigree Analysis: Family tree used to trace inheritance patterns of traits. Symbols: square
(male), circle (female), shaded (affected), half-shaded (carrier).

e Patterns in Pedigrees:

o Autosomal Recessive: Disorders often appear in progeny of unaffected carriers; can skip
generations (e.g., Cystic fibrosis, Sickle cell anemia, Tay-Sachs).

o Autosomal Dominant: Appears in every generation; affected individuals have at least
one affected parent (e.g., Achondroplasia, Huntington's disease, Marfan syndrome).
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that occupy corresponding loci on
homologous chromosomes are known
as:

A) Genotypes

B) Phenotypes

C) Alleles

D) Linkage groups

Answer: Alleles

MK PREPARATIONS: Let’s Make It Happen
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Inheritance
Mendellian Methods Extension to
genetics | Mendel
! I
types cn‘I crosses include include
| |
Monohybrid PR Dihybrid Punnett Environmental Pher.lot.yplc
Cross [ Cross square factors variation
Tgene Recessive 2 genes |, T, for = Unknown N Quantitative Continuous
genotypes traits variation
3! ratio 9:3:3: ratio Multiplication
rule . 1gene
demonstrates demonstrates —» Probability g T many traits
|—»Segregalion-of- Alleles Adrdu':l;on
| Independent 1 due Random lieasliis
are either assortment to alignment = Dominance
,}_I_‘ Codominance
Homozygous Heterozygous
Gene N
interactions SRS
Practice MCQs
What is the basic unit of heredity that 4. The complete set of all alleles present
codes for a functional product like a in all individuals of a breeding
protein? population at a given time is the:
A) Allele A) Genome
B) Locus B) Karyotype
C) Gene C) Gene pool
D) Chromosome D) Genotype frequency
Answer: Gene Answer: Gene pool
The specific physical location of a 5. The genetic constitution of an
gene on a chromosome is called its: organism for a particular trait is its:
A) Allele A) Phenotype
B) Genome B) Allele
C) Locus C) Genotype
D) Phenotype D) Karyotype
Answer: Locus Answer: Genotype
Alternative forms of the same gene 6. The observable characteristics

resulting from genotype and
environment define the:

A) Genotype

B) Allele

C) Phenotype

D) Locus

Answer: Phenotype
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10.

11.

12.

13.

An individual with two identical
alleles at a given locus is said to be:
A) Heterozygous

B) Hemizygous

C) Homozygous

D) Homogametic

Answer: Homozygous

An allele that expresses its phenotypic

effect even in a heterozygous state is
termed:

A) Recessive

B) Codominant

C) Dominant

D) Incompletely dominant

Answer: Dominant

Who is recognized as the founder of
classical genetics?

A) Charles Darwin

B) Thomas Hunt Morgan

C) Gregor Mendel

D) Alfred Sturtevant

Answer: Gregor Mendel

Mendel's success was due in part to
his use of which experimental plant?
A) Drosophila

B) Garden pea

C) Maize

D) Snapdragon

Answer: Garden pea

The law stating that two alleles for a
trait segregate during gamete
formation is the Law of:

A) Independent Assortment

B) Dominance

C) Segregation

D) Purity of Gametes

Answer: Segregation

In a monohybrid cross of two
heterozygous individuals, the
expected phenotypic ratio in the F2
generation is:

A) 1:2:1

B) 3:1

C) 9:3:3:1

D) 1:1

Answer: 3:1

In a dihybrid cross between two
heterozygotes (RrYy x RrYy), the
expected phenotypic ratio in the F2
generation is:

14.

15.

16.

17.

18.
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A) 9:3:3:1

B) 3:1

C) 1:2:1

D) 1:1:1:1

Answer: 9:3:3:1

The physical basis for the Law of
Independent Assortment is the:

A) Separation of sister chromatids

B) Random alignment of homologous
chromosome pairs in Metaphase |

C) Crossing over in Prophase I

D) Non-disjunction in Anaphase I
Answer: Random alignment of
homologous chromosome pairs in
Metaphase I

Which of the following is NOT a
variation in dominance relationships?
A) Complete Dominance

B) Epistasis

C) Incomplete Dominance

D) Codominance

Answer: Epistasis

In snapdragon flower color, a cross
between red (RR) and white (rr)
plants yields all pink (Rr) offspring.
This is an example of:

A) Complete Dominance

B) Codominance

C) Incomplete Dominance

D) Overdominance

Answer: Incomplete Dominance
The human ABO blood group system,
where both A and B antigens are
expressed in the heterozygote, is an
example of:

A) Incomplete Dominance

B) Complete Dominance

C) Codominance

D) Polygenic Inheritance

Answer: Codominance

A gene that exists in more than two
allelic forms in a population, such as
the ABO blood group gene,
demonstrates:

A) Pleiotropy

B) Multiple Alleles

C) Polygenic Inheritance

D) Epistasis

Answer: Multiple Alleles
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Chapter: 6

Ecology & Ecosystems

e Ecology: Scientific study of interactions between organisms and their biotic and abiotic
environment. Coined by Ernst Haeckel from Greek oikos (household) + logy (study).
¢ Ecosystem: Dynamic complex of biotic communities and their abiotic environment interacting as
a functional unit through energy flows and biogeochemical cycles. Coined by Arthur Tansley
(1935) to emphasize interconnectedness.
e Environment: All abiotic (non-living: climate, soil, water) and biotic (living: plants, animals,
microbes) factors influencing an organism.
o Biosphere: Thin, life-supporting layer of Earth where all ecosystems exist.
M Levels of Ecological Organization
1. Organism: Individual living entity.
K 2. Population: Group of interbreeding individuals of the same species in a specific area.
3. Community: Assemblage of different populations living and interacting in a defined area.
4. Ecosystem: Community + physical environment, interacting through nutrient cycling and energy
flow.
Biome: Large geographical region with distinct climate and characteristic community.
6. Biosphere: All ecosystems collectively.
Key Ecological Concepts
o Habitat: Physical space where an organism lives.
¢ Ecological Niche: Multidimensional concept describing the functional role of a species
(resources used, conditions tolerated).
o Fundamental Niche: Full range theoretically usable.
o Realized Niche: Actual range occupied due to interspecific interactions.
e Metapopulation: Set of local populations linked by immigration/emigration. The Glanville
fritillary butterfly in Finland exists as scattered local populations in dry meadows, connected by
occasional migration.
Symbiosis: Close, long-term biological interaction between two different species (parasitic,
mutualistic, or commensal).
¢  Mutualism: Clownfish and sea anemones.
e Parasitism: Tapeworms in mammals.
Commensalism: Barnacles on whales.

ECOSYSTEM STRUCTURE

A. Abiotic Components

e Physical Factors:

o Solar radiation (1-2% converted via photosynthesis).

o Temperature (affects metabolic rates via Qio relationships).
o Water availability (creates productivity gradients).

o Soil texture (water holding capacity, nutrient retention).

e Chemical Factors:

o Nutrient availability (Liebig's Law of the Minimum).

o Redox potential (influences nutrient speciation).

o pH, salinity, oxygen availability.

Food Chain

A food chain is a linear sequence showing how energy and nutrients move from one organism to another
in an ecosystem. It follows a single path.

Example of a simple food chain:

Grass — Grasshopper — Frog — Snake — Hawk
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e Human Impact: Human creation of reactive N exceeds natural fixation; nitrate pollution in
groundwater (>10 mg/L is unsafe); N-based smog and aerosols; biological magnification not
significant for N.

¢ Ecological Role: Limiting nutrient in most terrestrial/marine systems; determines primary
productivity; legume-rhizobium symbiosis is classic mutualism.

Lightning
Atmospheric

nitorgen (N,)

emissions
q from

Rain  jndustrial

combustion

E and gasoline
I angines

dead animals "~ assimilation T Fertilizer
and plants /
l \_Lé’ss" fuels
i nitrites (NO3-)
LI

Decomposers

~ L

Nitrogen
. fixing bacteria
Nitrogen ;. ootnodules

fixing bacteria

uonesyuuag |

in soil (bacteria and fungi) Nitrification
nitrites (NO2-)
ammonification
l Nitrification
ammonia (NH,)
Phosphorus Cycle
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e Major Reservoirs: Sedimentary rocks (apatite — primary source), soil (bound to Fe, Al, Ca
ions), ocean sediments, living biomass.

e Core Processes: Geological uplift & weathering (slow, limiting step), mineralization (by
decomposers), plant uptake, immobilization (into microbial biomass), sedimentation, and no
gaseous loss phase.

¢ Key Compounds: Orthophosphate (H-PO. /HPO.*" — plant available), organic phosphates (in
DNA, ATP, phospholipids), and inseluble mineral phosphates.

¢ Human Impact: Mined for fertilizers (guano, rock phosphate); runoff causes cultural
eutrophication (P is typical limiting factor in freshwater); detergent phosphates banned in
many regions.

¢ Ecological Role: Component of ATP (energy currency), nucleic acids, phospholipid bilayers,
and bones/teeth (apatite).

e MCQ Points: Cycle is slowest and mostly sedimentary; Mycorrhizal fungi massively increase
plant P uptake; P availability is pH-dependent (max at pH 6.5); N:P Redfield Ratio in oceans is
16:1.

Water (Hydrological) Cycle

e Major Reservoirs: Oceans (97.5% of total, saline), Icecaps/Glaciers (1.74%, 68.7% of
freshwater), Groundwater (0.76%, 30.1% of freshwater), Lakes/Rivers (0.01%), Atmosphere
(0.001%).

e Core Processes: Evapotranspiration (combined evaporation + plant
transpiration), condensation (cloud
formation), precipitation, infiltration/percolation (recharges groundwater), surface/sub-
surface runoff, and storage (in ice, aquifers).

nZO—~=pXpdmRI
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¢ Key Pathways: Green water flow (soil moisture for plants), Blue water flow (rivers, lakes,
aquifers).

¢ Human Impact: Aquifer overdraft (e.g., Ogallala, India's Punjab); river fragmentation by
dams; thermal pollution alters evaporation; deforestation reduces infiltration, increases flood

risk.
Sulfur Cycle
. Major ReserYoirs: Lithosphere (rocks, Sultur (S0, H,8)
minerals, fossil fuels), oceans (SO4* — By A e in the atmosphere
. . unli
major reservoir), atmosphere (trace \ prhcloitation Smelting & burning Y
gases), biosphere. ey menleatan _y @ .
re Pr : Volcani ) X0 uptake
M e Core ocesses Volcanic NPT - s e
outgassing (H:S, of rocks ™ UL AR )
. . £ L \ l A
K SO:), weathering, bacterial sulfate [in fertilizer] A = niant & animal =
d t. SO 2— N H S i \,?;‘;@ remains/wastes o
reduction (SO4 . S sulfate |/ 4& Q
by Desulfovibrio in anoxic (50,4 4_,, )]
muds), bacterial sulfide oxidation (H2S sacioraTg JBacte(ial <
— S° — SO4*"), combustion of fossil ol Yiadction 20
C . . it
fu?ls, and precipitation as acid ?;ga;? (Hz;' Ho . =
rain (H2SO.). hivin 214 [ MR 5
¢ Key Compounds: Hydrogen l ' o
sulfide (H-S — toxic, rotten egg Sulfide (8%) 7]
Dy i o in sediments P Fossils and fossil fuels {<
smell), sulfur dioxide (SO: — air @
pollutant), sulfate (SO+>"), dimethyl -
sulfide [(CHs)2S] — from phytoplankton, affects cloud formation. @
¢ Human Impact: Acid rain (pH <5.6) damages forests, acidifies lakes, corrodes buildings; Flue é

Gas Desulfurization (FGD) in industries; sulfur aerosols cause global dimming (cooling effect).
Oxygen Cycle

e Major Reservoirs: Lithosphere (silicate & oxide minerals — largest pool), atmosphere (O2 —
20.95%, Os — trace), hydrosphere (dissolved O:), biosphere.

e Core Processes: Photosynthesis (main source), respiration/decomposition (main
sinks), photolysis of water/H-O in upper atmosphere, ozone formation/destruction (0> + O —
0s), weathering (oxidation of rocks), and fossil fuel combustion.

¢ Key Compounds: Dioxygen (0O:), ozone (Os — stratospheric shield, tropospheric
pollutant), oxides (CO:, H20, SiO2, Fe:05).

¢ Human Impact: Stratospheric Os depletion by CFCs (forming "ozone hole"); tropospheric
O: increase (smog) harms health/plants; hypoxia/anoxia in water bodies from eutrophication.

¢ Ecological Role: Terminal electron acceptor in aerobic respiration; ozone layer absorbs 97-
99% of harmful UV-B/C radiation.

e MCQ Points: Great Oxidation Event (~2.4 Ga) enabled complex life; Dissolved Oxygen
(DO) declines with temperature increase and organic pollution; BOD/COD measures water
pollution; Oxygen minimum zones (OMZs) in oceans expanding.

nZO—~—-p» AP UmAT

SPECIES INTERACTIONS
A. Interspecific Interactions
Interaction Effect on Species A Effect on Species B Example
Competition - - Lions and hyenas competing
for prey.
Predation + - Fox eating rabbit.
Parasitism + - Tapeworm in human.
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Biodiversity & Environmental Biology

1. Biodiversity (Biological Diversity): The variety of life on Earth at all levels of biological
organization. It encompasses the variety within and between all species of plants, animals, and
microorganisms, the ecosystems they form, and the ecological and evolutionary processes that
sustain them.

2. Formal Definition (CBD): "The variability among living organisms from all sources including,
inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which
they are part; this includes diversity within species, between species and of ecosystems." (UN
Convention on Biological Diversity)

3. Dimensions of Biodiversity:

o Composition: The identity and variety of living elements in a system (what is there).
o Structure: The physical organization or patterns of a system (e.g., canopy layers, soil
stratification).
o Function: The ecological and evolutionary processes and services (e.g., nutrient cycling,
energy flow).
Scope & Scale

4. Taxonomic Groups: The major classifications of life forms.

o - Plants: Primary producers; includes flowering plants, conifers, ferns, mosses, algae.

o Animals: Includes invertebrates (insects, mollusks) and vertebrates (mammals, birds,
reptiles, amphibians, fish).

o Microorganisms: Includes bacteria, archaea, protists, fungi, and viruses; crucial for
decomposition and nutrient cycling.

5. Scale of Biodiversity:

o Alpha (o) Diversity: The diversity of species within a specific, localized habitat or
community (local species richness and evenness).
o Beta (B) Diversity: The rate of change or turnover in species composition across
different habitats within a larger geographic region (measures how communities differ).
o Gamma (y) Diversity: The total biodiversity across a broad geographic area, continent,
or the entire planet.
Levels of Biodiversity

6. Genetic Diversity: The total genetic information contained within all individuals of a species,
population, or group of species. It is the variation in alleles and genes.

o Key Aspect - Endemism (Genetic): Unique genetic adaptations found only in specific
populations.

7. Species Diversity: The variety and abundance of different species within a defined biological
community or area.

o Species Richness: The simple count of different species present.

o Species Evenness (Equitability): The relative abundance of each species.

o Taxonomic Diversity: Considers the phylogenetic relationships (evolutionary distances)
between species.

o Functional Diversity: The variety of ecological roles (functional traits) performed by
species in a community.

8. Ecosystem Diversity: The variety of ecosystems, habitats, biotic communities, and ecological
processes within a region or across the globe.

o Habitat Heterogeneity: The physical complexity and variety of microhabitats within an
ecosystem.
o Biome: A major ecological community type extending over a large area (e.g., tropical
rainforest, tundra).
Biodiversity Hotspots
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1. Solar Input: Incoming solar radiation (mostly visible light and UV) passes through the
atmosphere.
2. Surface Absorption: About 70% is absorbed by the Earth's surface (land and oceans), warming

it.

3. Infrared Emission: The warmed surface emits heat energy back toward space as infrared
radiation (longwave).
4. Greenhouse Gas Interaction: Greenhouse gas molecules (CO2, H2O, CHa, etc.) in the
atmosphere absorb specific wavelengths of this outgoing infrared radiation.
5. Re-radiation: The excited GHG molecules re-radiate the heat energy in all directions—some

back toward space, but a significant portion back toward the Earth's surface.

6. Net Result: This "blanket" of GHGs slows the rate of heat loss to space, keeping the lower
atmosphere and surface warmer than they would be otherwise.

3. Major Greenhouse Gases (GHGs)

Chemica Primary Global Atmospheric  Contribution to
1 Anthropogenic Warming Lifetime Warming
Formula  Sources Potential
(GWP) over
100 years
Carbon CO2 Fossil Fuel 1 (The Centuries (20 | ~76% of total
Dioxide Combustion (coal, | Baseline) -2000 yrs, forcing
oil, some (Dominant
gas), Deforestation permanent) driver)
, Cement
production.
Methane CHa Agriculture 27-30 (27-30x | ~12 years ~16% (Potent
(livestock digestion, | more potent short-term
rice paddies), Fossil | than CO2) forcer)
fuel extraction
(leaks), Landfills,
Wastewater.
Nitrous N0 Agricultural soils 273 (273x more | ~121 years ~6% (Long-
Oxide (synthetic potent than lived & potent)
fertilizers), COy)
Industrial
processes, Fossil
fuel combustion,
Biomass burning.
Fluorinate | HFCs, Refrigerants, Thousands to Decades to ~2% (Extremel
d Gases (F- | PFCs, Aerosols, Solvents, | tens of millennia y potent, small
gases) SFes, NF5 | Electrical thousands (e.g. but growing)
insulation. , SFs = 23,500)
Water H-0 Feedback agent, Variable ~9 days Major amplifier,
Vapor not a primary not an initial
driver. Evaporation trigger.
increases in
response to
warming caused by
other GHGs
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3. Polar Vortex: A strong, swirling wind current that isolates the Antarctic stratospheric air in
winter, preventing mixing with mid-latitude air.

4. Spring Sunrise: When sunlight returns in early spring, UV radiation breaks apart the Cl. and
HOCI, releasing a burst of chlorine radicals. With ozone depleted and the vortex still intact, this
leads to rapid, massive ozone loss (up to 60% total column loss), forming the "hole."

6. Consequences of Ozone Depletion

¢ Increased UV-B Radiation at Earth's Surface: A 1% decrease in ozone leads to a 1-2%
increase in UV-B.

e Human Health:

o Skin Cancer: Increased risk of both non-melanoma (basal cell, squamous cell) and
malignant melanoma.

o Cataracts and Eye Damage: Clouding of the eye's lens.

o Immune System Suppression: Reduced vaccine efficacy, increased susceptibility to
infections.

¢ Ecosystem Damage:

o Phytoplankton: Reduced productivity in surface waters, impacting the entire marine
food web and carbon cycling.
o Terrestrial Plants: Reduced growth, photosynthesis, and crop yields (e.g., soybeans,
rice).
o Amphibians: Increased mortality and developmental deformities.
e Materials Degradation: Accelerated weathering of plastics, paints, and textiles.
7. The Global Response: The Montreal Protocol
The Montreal Protocol on Substances that Deplete the Ozone Layer (1987) is the most successful
international environmental treaty in history.
Key Provisions:

¢ Legally binding phase-out schedules for production and consumption of ODS.

e Based on scientific assessments with provisions for adjustment as new evidence emerges.

o Differentiated responsibilities with financial/technical assistance to developing countries (via
the Multilateral Fund).

¢ Universal ratification (by all 198 UN member states).

Impact & Success:
e >99% of controlled ODS have been phased out globally.
Stratospheric chlorine/bromine levels are declining.
The ozone layer is showing clear signs of recovery.
The Antarctic ozone hole is expected to close around 2065.
Major Climate Co-benefit: Many ODS are also potent greenhouse gases. The Protocol has
avoided ~0.5°C of global warming by 2100, making it a major climate mitigation action.
Current Challenges:

e Unexpected Emissions: Detection of rogue CFC-11 emissions (2018) traced to eastern China,
highlighting the need for vigilance and enforcement.

e HCFC Phase-out & HFCs: HCFCs are being phased out, but their common replacements—
hydrofluorocarbons (HFCs)—are powerful GHGs. The Kigali Amendment (2016) to the
Montreal Protocol aims to phase down HFCs, potentially avoiding 0.3—0.5°C of warming by

2100.
8. Ozone Depletion vs. Climate Change: Connections & Distinctions
Ozone Depletion \ Climate Change / Global Warming
Primary Cause Ozone-Depleting Substances Greenhouse Gases (GHGs) like
(ODS) like CFCs, halons. CO., CHa4, N2O.
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3. Deposition: The formed acids dissolve in cloud droplets or attach to particles and fall as wet or
dry deposition.
Effects of Acid Rain
The impacts are severe and multi-faceted, often most pronounced in regions with sensitive geology (thin
soils, granitic bedrock with low buffering capacity).
1. Aquatic Ecosystems (Lakes and Streams)
e Acidification: Lowers the pH of water bodies. Many aquatic organisms (fish, insects,
amphibians) have narrow pH tolerance ranges.
e Aluminum Mobilization: Acidic water leaches toxic aluminum from soils and clays into
waterways. Aluminum damages fish gills, inhibiting oxygen uptake.
e Direct Biological Impacts:

o Fish: Loss of entire fish populations, especially sensitive species like trout and salmon.
Causes reproductive failure, egg non-viability, and direct mortality.

o Food Web Collapse: Acidification eliminates key invertebrate species (e.g., mayflies,
snails) and plankton, collapsing the food web from the bottom up.

e Example: Thousands of lakes in the Adirondack Mountains (USA), Scandinavia, and Eastern
Canada were rendered "biologically dead" in the 1970s-80s.
2. Terrestrial Ecosystems (Forests and Soils)
e Soil Chemistry Alteration:

o Nutrient Leaching: Acids wash away essential cations like calcium (Ca?"), magnesium
(Mg?"), and potassium (K*) from the soil, depriving plants of nutrients.

o Aluminum Toxicity: Mobilized aluminum damages fine root hairs, impairing water and
nutrient uptake.

e Direct Foliar Damage: Acidic fog and clouds can directly damage the waxy cuticle of leaves and
needles, reducing photosynthesis.
¢ Forest Decline: A combination of the above stressors weakens trees, making them vulnerable to
disease, insect infestations (e.g., bark beetles), and extreme weather. Famous cases: Black Forest
in Germany, Northeastern US forests.
¢ Symbiosis Disruption: Harms mycorrhizal fungi essential for tree nutrient absorption.
3. Human-Made Structures and Materials
e Corrosion and Deterioration: Acids accelerate the corrosion of metals (steel bridges, railings,
vehicles) and the erosion of stone, particularly limestone, marble, and sandstone (which contain
calcium carbonate).
e Chemical Reaction: CaCOs (limestone) + H:SOs — CaSO4 + CO2 + H20 The calcium sulfate
(gypsum) is soft and washes away.
o Impact: Irreversible damage to cultural heritage sites, statues, monuments, and buildings.
Significant economic costs for repair and maintenance.
4. Human Health (Indirect)
e Acid rain itself is not directly harmful to skin. The primary health risk is respiratory:

o Dry deposition of SO. and NOx gases and fine sulfate/nitrate particles (PM2.5) can be
inhaled deep into the lungs, exacerbating asthma, bronchitis, and other respiratory
illnesses.

¢ Secondary Risk: Acidification can mobilize toxic metals (like aluminum and mercury) from

soils into drinking water sources.

Control Measures and Mitigation
Acid rain is considered one of the major success stories of international environmental regulation, though
challenges remain.
1. Technological Solutions (At the Source)

e Pre-Combustion:

o Fuel Switching: Using low-sulfur coal or natural gas instead of high-sulfur coal.
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o Lower Restrictions on Human Activity: Compared to national parks, they may allow
existing human settlements and some sustainable resource use.
Examples: Bharatpur Bird Sanctuary (India), Gombe Stream National Park (a chimpanzee
sanctuary, Tanzania), many wildlife refuges in the USA.

IUCN Protected Area Categories (Simplified Overview):

Ia — Strict Nature Reserve: For science only.

Ib — Wilderness Area: For wilderness protection.

II — National Park: For ecosystem protection and recreation.

III — Natural Monument or Feature: For specific natural features.

IV — Habitat/Species Management Area (Wildlife Sanctuary): For active species management.
V — Protected Landscape/Seascape: Where people and nature interact harmoniously.

VI — Protected Area with Sustainable Use of Natural Resources: For conservation and
sustainable use.

3. Other Key Protected Area Designations

Biosphere Reserves (UNESCO's MAB Programme): These are not strict protected areas
but "learning places for sustainable development." They have three interlinked zones:
1. Core Area: Legally protected ecosystem (like a national park).
2. Buffer Zone: Surrounds the core, used for low-impact activities (eco-tourism, research).
3. Transition Zone: Outer area where sustainable communities, agriculture, and settlements
work in harmony with conservation goals.
o Goal: To reconcile conservation with sustainable human use.
Tiger Reserves, Elephant Reserves, etc.: Country-specific designations (common in India) that
provide the highest level of species-focused protection and management.

Challenges Facing Protected Areas:

Paper Parks: Protected in name only, lacking effective management or enforcement.
Insufficient Coverage: Many critical ecosystems and species ranges are not covered.
Isolation & Fragmentation: Many parks are becoming isolated "islands" in a sea of human
development, hindering migration and gene flow.

Climate Change: Shifts in species ranges may mean protected areas no longer contain the
species they were designed to protect.

Human-Wildlife Conflict: At park boundaries, where animals damage crops or livestock.
Funding and Political Will: Chronic underfunding and lack of political support.

Practice MCQs
1. Who coined the term "ecology'? B) Biome
A) Arthur Tansley C) Biosphere
B) Ernst Haeckel D) Hydrosphere
C) Charles Darwin Answer: Biosphere
D) Joseph Grinnell 4. A group of interbreeding individuals of the
Answer: Ernst Haeckel same species in a specific area is a:
2. The term "ecosystem'' was coined by: A) Community
A) Ernst Haeckel B) Population
B) Robert Paine C) Guild
C) Arthur Tansley D) Ecosystem
D) Eugene Odum Answer: Population
Answer: Arthur Tansley 5. The physical space where an organism lives
3. All the ecosystems on Earth collectively is its:
form the: A) Niche
A) Community B) Territory
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Chapter 7
Evolution
¢ Evolution: Descent with modification; change in allele frequencies in populations over time.
e Organic Evolution: Biological evolution through genetic change and natural selection.
e Microevolution: Change in allele frequencies within a population over generations.
[ ]

Macroevolution: Large-scale evolutionary changes (speciation, extinction) over geological time.
e Common Descent: All organisms share a common ancestor.

M Special Creation vs. Evolution .\]

K -
Origin of Species Independently created Descended from common ancestors <
Change Over Time Fixed, immutable Continuously changing a
Mechanism Divine intervention Natural processes (selection) Er
Evidence Base Religious texts Multiple scientific disciplines 5‘
Scientific Status Non-testable, non-scientific Well-supported scientific theory =]

Origin of Life & Evolution of Cellular Life
I. Origin of Life (Abiogenesis)
A. Prebiotic Conditions on Early Earth (~4.6 - 3.9 Ga)
e Hadean Eon: Hot, volcanic, frequent asteroid impacts, no free oxygen.
Atmosphere: Reducing (Hz, CHa, NHs, H20O, COz, N2). No O: layer, high UV radiation.
Key Requirements for Life:
1. Source of organic molecules (monomers).
2. Mechanism to polymerize monomers.
3. Self-replication (information storage).
4. Compartmentalization (protocell membranes).
B. Key Experiments & Hypotheses for Organic Molecule Formation
1. Miller-Urey Experiment (1953): Simulated early Earth atmosphere with electrical sparks
produced amino acids and other organics.
2. Extraterrestrial Origins (Panspermia/Meteorites): Murchison meteorite contains amino acids
and nucleobases.
3. Hydrothermal Vent Hypothesis (A Primary Focus): Submarine alkaline hydrothermal vents
(e.g., Lost City-type) are a leading theory.
o Why Vents? Provide a compelling environment for life's origin.
= Energy Gradient: Natural proton gradient (alkaline vent fluid vs. acidic ocean)
mimics modern cellular chemiosmosis (ATP production).
= Mineral Catalysts: Porous chimneys of iron-sulfide (FeS) and mackinawite act
as inorganic catalysts and compartment walls.
= Conditions: Stable, protected from surface UV radiation and impacts.
* Organic Synthesis: H> and CO./CO in vent fluids can react via Fischer-Tropsch-
type reactions on catalytic mineral surfaces to form organic molecules.
o The "Protometabolism First" Model: Networks of chemical reactions within vent
pores could evolve complexity before the emergence of genetic code or membranes.
C. From Molecules to Cells
1. RNA World Hypothesis: RNA can store information (like DNA) and catalyze reactions (like
proteins). Ribozymes and self-replicating RNA are central.
2. Protocell Formation: Fatty acids or simpler amphiphilic molecules can spontaneously form
micelles and vesicles in water, capable of encapsulation and growth/division.

nZ O—~=ppXpPp»dimXo
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e Did not account for vestigial organs or over-specialization.

e Lacked mechanism for inheritance (solved later by Mendelism).
MODERN SYNTHESIS (NEO-DARWINISM)
A. Key Integrations (1930s—1950s)

1. Darwinian Natural Selection + Mendelian Genetics

2. Population Genetics (Fisher, Haldane, Wright): Mathematical models

3. Systematics & Speciation (Mayr): Biological Species Concept

4. Paleontology (Simpson): Fossil record compatibility

M 5. Evolution Redefined: Change in allele frequencies in gene pool N |
B. Five Major Tenets N
K 1. Evolution is Gradual: Macroevolution = accumulated microevolution. =
2. Natural Selection is Primary: Main driver of adaptation. g
3. Speciation is Allopatric: Geographic isolation crucial. i
4. Evolution is Population-Based: Individuals don’t evolve. Er
5. Genetic Variation is Random: Mutations not directed by need. et o
C. Key Contributors g
Scientist Field Key Contribution
R.A. Fisher Population Genetics Fundamental theorem of natural selection
J.B.S. Haldane Population Genetics Mathematical theory of selection
Sewall Wright Population Genetics Genetic drift; adaptive landscapes
Theodosius Dobzhansky Genetics “Genetics and the Origin of Species”
Ernst Mayr Systematics Biological Species Concept; allopatric
speciation
George G. Simpson Paleontology “Tempo and Mode in Evolution”
Julian Huxley Synthesis “Evolution: The Modern Synthesis”

MECHANISMS OF EVOLUTION
A. Natural Selection: Modes & Examples

nZ O—~=ppXpPp»dimXo

Description Effect on Population Classic Example
Directional Favors one extreme Shifts mean toward Peppered moth
phenotype extreme melanism; antibiotic
resistance
Stabilizing Favors intermediate Reduces variation; Human birth weight
phenotypes maintains status quo
Disruptive Favors both extremes Increases variation; Black-bellied
over intermediates may lead to speciation | seedcracker finch beak
size
Sexual Selection Favors traits increasing | Can lead to sexual Peacock tail; elk antlers
mating success dimorphism
Frequency-Dependent | Fitness depends on trait | Maintains Scale-eating fish mouth
frequency polymorphism asymmetry

B. Non-Selective Mechanisms
1. Genetic Drift: Random allele frequency changes
o Key Features: Stronger in small populations; can fix/lose alleles regardless of fitness.
o Types:
o Founder Effect: New population from few individuals (e.g., Amish genetic disorders).
o Bottleneck: Severe temporary reduction (e.g., cheetahs, elephant seals).
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. Evolutionary Biology Today
¢ Robust Theory: Supported by overwhelming evidence from multiple fields.

Genetic drift
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¢ Evolution is defined as descent with modification or a change in allele frequencies in a
population over time.

¢ Organic Evolution refers to biological evolution through genetic change and natural selection.

e Microevolution is a change in allele frequencies within a population over generations.

¢ Macroevolution refers to large-scale evolutionary changes like speciation and extinction over
geological time.

e Common Descent is the principle that all organisms share a common ancestor.

Lamarck proposed the first comprehensive evolutionary theory based on use and disuse of

organs and the inheritance of acquired characteristics.

e He believed that organs used extensively become larger and stronger, while disused

organs deteriorate and disappear.

o A classic example is the giraffe’s long neck, which Lamarck explained as a result of generations
stretching to reach leaves.

e His theory is considered transformational, suggesting individuals change during their lifetime
and pass these changes to offspring.

e  Weismann’s Germplasm Theory (1892) disproved Lamarckism by distinguishing heritable
germ cells from non-heritable somatic cells.

e Experimental evidence against Lamarckism includes Weismann’s tail-cutting experiment in
mice over 80 generations, which produced no tailless offspring.

e Darwin’s theory is based on observations from his HMS Beagle voyage (1831-1836), particularly
in the Galapagos Islands.

¢ Key influences on Darwin included Charles Lyell’s uniformitarianism (deep geological time)
and Thomas Malthus’s essay on population growth and struggle for existence.

e Darwin’s theory of natural selection rests on five key observations: overproduction of
offspring, population stability, struggle for existence, heritable variation, and differential
survival/reproduction.

e Natural selection is a non-random process where individuals with favorable heritable variations
are more likely to survive and reproduce.

e Darwin’s concept of descent with modification states all organisms are related through
a branching evolutionary tree from a common ancestor.

e Alfred Russel Wallace independently conceived natural selection, prompting Darwin to
publish On the Origin of Species.

e Criticisms of Darwin’s original theory included its inability to explain the source of variations,

the origin of complex adaptations ("arrival of the fittest"), vestigial organs, and the mechanism

of inheritance.

Proposed that new species arise suddenly via large, discontinuous mutations

Integrated Darwinian natural selection with Mendelian genetics and population biology.

Redefined evolution as a change in allele frequencies in a population’s gene pool.

Key contributors included R.A. Fisher, J.B.S. Haldane, Sewall Wright, Theodosius

Dobzhansky, Ernst Mayr, George G. Simpson, and Julian Huxley.

e It recognizes mutation and recombination as sources of variation, natural selection as the
primary adaptive mechanism, and the importance of genetic drift and gene flow.

e It shifted the unit of evolution from the individual (Darwin) to the population (gene pool).

¢ Directional Selection: Favors one extreme phenotype (e.g., peppered moth melanism, antibiotic
resistance).

e Stabilizing Selection: Favors intermediate phenotypes (e.g., human birth weight).

e Disruptive Selection: Favors both extremes over intermediates (e.g., black-bellied seed cracker
finch beak size).

¢ Sexual Selection: Favors traits that increase mating success (e.g., peacock tail, elk antlers).
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Molecular Clocks: Use constant mutation rates to date evolutionary divergences.

Pseudogenes: Non-functional gene copies (e.g., vitamin C synthesis gene in primates).

Endogenous Retroviruses: Identical viral DNA insertions in related species.

Gene Families: Duplicated genes with related functions (e.g., hemoglobin genes).

Endemism on Islands: Unique species on isolated islands indicate adaptive radiation (e.g.,

Galapagos tortoises).

Continental Drift Correlations: Distribution matches geological history (e.g., marsupials mainly

in Australia due to Gondwanan separation).

Disjunct Distributions: Related species in separated regions (e.g., Southern beech Nothofagus).

Antibiotic resistance in bacteria.

Industrial melanism in peppered moths.

Beak size changes in Galapagos finches during drought/rain cycles.

Life-history evolution in guppies in response to predation.

Rapid evolution of HIV within patients.

Punctuated Equilibrium (Eldredge & Gould): Evolution occurs in rapid bursts

of speciation followed by long periods of stasis.

e Neutral Theory (Kimura): Most molecular evolution is due to genetic drift of neutral
mutations.

¢ Evo-Devo (Evolutionary Developmental Biology): Studies how changes in developmental
genes (e.g., Hox genes) lead to morphological evolution.

¢ Niche Construction: Organisms modify their environments, creating evolutionary
feedback (e.g., beaver dams).

o Epigenetics: Study of heritable changes in gene expression without DNA sequence change

(e.g., DNA methylation).

Gene-Centered Selection (Richard Dawkins): "Selfish gene" propagation.

Individual Selection: Traditional Darwinian selection on individuals.

Kin Selection (W.D. Hamilton): Inclusive fitness explains altruism (e.g., in social insects).

Group Selection (David S. Wilson): Differential success of groups.

Not all trends are progressive; they include increasing complexity (not universal), increasing

size (Cope’s Rule), specialization, and adaptive radiation.

e Five major events: End-Ordovician, Late Devonian, End-Permian (the " Great Dying"), End-
Triassic, and End-Cretaceous.

¢ The End-Cretaceous extinction (66 mya) is associated with an asteroid impact and led to the
demise of dinosaurs ‘and the rise of mammals.

e A potential sixth mass extinction is currently driven by human activity.
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Practice MCQs
1. What is the primary mechanism of D) Gregor Mendel
evolution according to Darwin's theory? Answer: Jean-Baptiste Lamarck
A) Inheritance of acquired characteristics 3. Structures that are similar in structure but
B) Use and disuse of organs different in function, indicating common
C) Natural selection ancestry, are called:
D) Genetic drift A) Analogous structures
Answer: Natural selection B) Vestigial structures
2. Which scientist first proposed a C) Homologous structures
comprehensive theory of evolution based on D) Convergent structures
the inheritance of acquired characteristics? Answer: Homologous structures
A) Charles Darwin 4. Which of the following is a condition
B) Alfred Russel Wallace required for Hardy-Weinberg equilibrium?
C) Jean-Baptiste Lamarck A) Non-random mating

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091 14| 23



L MK PREPARATIONS) . =

Chapter 8

Nutrition and Digestion

Nutrition is the sum of all processes involved in the procurement, intake, digestion, absorption, and
utilization of substances necessary for growth, maintenance, repair, and metabolic functions. Nutrients are
substances that supply the body with elements essential for metabolism.

Importance of Nutrition

Aspect Physiological & Molecular Role
Growth (Hyperplasia & Provides substrates (amino acids, fatty acids, minerals) for the
Hypertrophy) synthesis of new tissues (e.g., bone matrix, muscle protein). Critical
M during developmental windows (prenatal, adolescent). Hormones (GH,
IGF-1) are nutrient-sensitive.
Repair & Enables continuous tissue turnover (e.g., intestinal epithelium
K Maintenance (Homeostasis) | renewal every 3-5 days). Nutrients act as cofactors (Zn in DNA

polymerase) and antioxidants (Vitamins C & E) to mitigate oxidative
damage and support apoptosis/autophagy of damaged cells.

P Energy (ATP Production) Macronutrients undergo catabolism to yield ATP:
» Carbohydrates: Primary fuel via glycolysis & oxidative
R phosphorylation.
* Lipids: High-yield energy reserve via f-oxidation.
E * Proteins: Emergency fuel via gluconeogenesis (catabolic states).
Nutrition Vs Digestion
P Feature NUTRITION DIGESTION
Definition Holistic process of obtaining & utilizing Specific breakdown of food into
A nutrients. absorbable units.
R Scope Extremely broad (behavior, physiology, Narrow (focused on GI tract processes).
ecology).
A Primary Acquire matter & energy for life functions. | Convert food into absorbable form.
Goal
T Key Ingestion, Digestion, Absorption, Ingestion, Mechanical/Chemical
Processes Transport, Assimilation, Catabolism, Breakdown, Propulsion.
I Egestion.
Systems Digestive, Circulatory, Lymphatic, Primarily Digestive System & exocrine
O Involved Endocrine, Excretory, Nervous. glands.
N End Point Cellular metabolism (ATP, biosynthesis). Lumen of small intestine (simple
molecules ready for absorption).
S Regulation Systemic (e.g., insulin, leptin). Largely local (e.g., gastrin, secretin,
enteric nervous system).

Fundamental Nutritional Dichotomy:
¢ Autotrophy: Organisms synthesize their own complex organic molecules from simple inorganic
substances.
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expandable stomachs
(snakes).

Omnivores Consume both plant and | Humans, bears, rats, Generalized dentition
animal matter. cockroaches. and digestive system.
Filter Feeders Strain suspended Baleen whales, clams, Specialized structures
particles from water. barnacles, flamingos. (baleen plates, cilia, gill
rakers).
Fluid Feeders Suck nutrient-rich Mosquitoes, ticks, Piercing-sucking
fluids. aphids, leeches, mouthparts (stylets,
butterflies. proboscis);
anticoagulant saliva.
Substrate/Deposit Live in/on or ingest Earthworms, leaf-miner | Burrowing/mining
Feeders food source (e.g., soil, caterpillars, maggots. through food; simple
leaf tissue). guts.
Detritivores Consume decomposing | Dung beetles, Often host symbiotic
organic matter. millipedes, some crabs. | microbes for
breakdown.
differs between Digestive System
Invertebrates «— o
I includes
|
vary in and
i | ! |
Unspecialized Early Breakd-own, Neuroendocrine
versus specialized digestion abs-or-ptlo.n, & control
i — ; elimination -
pathway is . involves includes
occursin
Y
Vertebrates - l I ]’
l_ Mouth Small . Absorb
have ) intestines j function > nutrients Basal . E).(tema\ Energy
Soccinlized functions metabolic input balance
pecialize: rate
organs Salivation Duodenum regu:med
Digestive d Vil Accessory stimulates by
et Swallowing an illi organs ]
I Esophagus ‘ Hormones
layers include Large L . rction » Eliminate
¥ propels food food intestines waste include
Lumen Peristalsis <—| passes to
{ e Digestive Enterogastrones ==
" | enzymes I b= Leptin
ucosa functions produces = Pancreas -« . include
‘ Insulin & Gastrin
Sub breakdown glucagon Insuli
upbmucosa CCK = INSUIIN
{ ang  Secretin
M . Gallbladder <= stored/ m==  Bile = —=produces= Liver -« GIP .
uscularis I - Neuropeptides
! Blood gl J Pepsi
ood glucose L . epsinogen
Serosa homeostasis ¢ maintains with pancreas & HC]

Evolutionary Perspective of Heterotrophy: Heterotrophy is ancient, originating with early heterotrophic
bacteria. The loss of certain biosynthetic pathways in animals provided a selective advantage, allowing
energy to be redirected toward growth and reproduction.
Diversity in Digestive System Plans
The structure of the digestive system correlates with complexity and diet.
e Intracellular Digestion: Food particles are engulfed by phagocytosis and digested within food
vacuoles that fuse with lysosomes.

MK PREPARATIONS: Let’s Make It Happen
+92 333 2605045, +92 342 4470091

Page 3 of 31

&
Z
=
-
=)
i @
=
=)
=]
=¥
=
=B
S
i @
=
(g~
17,]
=
=
=




L MK PREPARATIONS) . -

~ L

nZO—~=pXpdmRI

Serosa/Adventiti | Outer connective tissue layer; serosa is covered by | Protection and lubrication.
a visceral peritoneum.

Submucosal plexus
(Meissner's plexus)

Submucosa

Gland in mucossa

Duct of gland

outside tract Myenteric plexus

(Auerbach'’s plexus)

\\‘\\ Serosa:

Nmeolar connective tissue
Epithelium

Muscularis:
Circular muscle
Longitudinal muscle

ORGANS OF THE DIGESTIVE SYSTEM AND THEIR FUNCTIONS
1. MOUTH (ORAL CAVITY)
¢ Functions: Ingestion, mechanical breakdown (mastication), initiation of chemical digestion.
e Structures:
o Teeth: Heterodont dentition (Incisors, Canines, Premolars, Molars) for cutting, tearing,
and grinding.
o Tongue: Muscular organ for manipulation, taste, and swallowing.
o Salivary Glands: Three pairs - Parotid, Submandibular, Sublingual.
e Secretion - Saliva (~1-1.5 L/day):
o Composition: Water, mucus, electrolytes, salivary amylase (ptyalin), lingual lipase,
lysozyme, IgA.
o Functions:
= Moistens and lubricates food (mucin).
= Initiates starch digestion (amylase).

Lymphatic tissue
Lumen

Mucosa:
Epithelium

Lamina propria
Muscularis mucosae

=  Bolus formation.
* Antimicrobial action (lysozyme).
o Regulation: Primarily under parasympathetic nervous control (CN VII, IX).
Functions: Selection, Grinding (Mastication), Lubrication, Digestion.
A. Selection of Food
e Involves senses of taste, smell, sight, and touch.
e Tongue (with taste buds) and sensory receptors detect undesirable substances (bad taste, smell,
hard objects).
B. Mastication
e Chewing by molars breaks food into smaller pieces.
e Importance:
1. Allows passage through the esophagus.
2. Increases surface area for enzyme action.
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G-Cells Gastrin (hormone) Stimulates parietal and chief cells.

e Chyme: Semi-fluid, partially digested food mass leaving the stomach.

¢ Regulation of Gastric Secretion

e Cephalic Phase: Stimulated by sight, smell, taste of food (via vagus nerve).

e Gastric Phase: Food distension stimulates gastrin hormone release — increases secretion.
e Intestinal Phase: Inhibitory signals from duodenum slow gastric emptying.

¢ Functions: Temporary storage, mechanical churning, chemical digestion of proteins.

¢ Gastric Glands & Secretions:

e Process: Food mixes with gastric juice to form semi-liquid chyme.

¢ Protection Against Self-Digestion: Mucous-bicarbonate barrier, rapid epithelial turnover, tight
junctions.

Exit: Pyloric sphincter regulates chyme release into duodenum.
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Gastric pit
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5. The Small Intestine
The small intestine is the primary site for the chemical digestion of macromolecules and the absorption
of over 90% of nutrients, water, and electrolytes. Its considerable length (~6 meters in vivo, longer
post-mortem) and specialized architecture provide an immense surface area and ample transit time for
efficient processing.
Anatomical Regions & Specialized Functions
The small intestine is divided into three sequential regions, each with distinct roles.
A. Duodenum (First ~25 cm)
The "mixing bowl" and initial site of major chemical digestion.
¢ Receives Inputs:
o Acidic chyme from the stomach.
o Bile from the liver and gallbladder (via the bile duct).
o Bicarbonate-rich pancreatic juice from the pancreas (via the pancreatic duct).
¢ Key Structural Feature: Brunner's glands in the submucosa secrete an alkaline mucus to
neutralize acid, protect the duodenal wall, and optimize pH for pancreatic enzymes.
¢ Hormonal Control (Enteroendocrine Secretions):
o Secretin: Released by S-cells in response to acidic chyme. Stimulates the pancreas to
secrete bicarbonate-rich fluid.
o Cholecystokinin (CCK): Released by I-cells in response to fats and proteins. Stimulates
pancreatic enzyme secretion and gallbladder contraction.
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B. Jejunum (~2.5 meters)
The primary site of nutrient absorption.
e Characterized by the tallest and most numerous plicae circulares and villi, maximizing surface
area.
e Major site for absorption of:
o Carbohydrates: Monosaccharides (glucose, galactose, fructose).
o Proteins: Amino acids and small peptides.
o Lipids: Fatty acids and monoglycerides.
o Vitamins & Minerals.
e Possesses an extensive vascular and lymphatic network for rapid nutrient transport.
C. Ileum (~3.5 meters)
The "completion and defense' segment.
e Completes absorption of remaining nutrients, specifically:
o Vitamin B (cobalamin).
o Bile salts (initially absorbed here for enterohepatic circulation).
¢  Mucosal Immunity: Rich in Peyer's patches—large aggregates of lymphoid tissue in the
submucosa that sample gut antigens and initiate immune responses.
e Terminates at the ileocecal valve, a sphincter regulating entry into the large intestine and
preventing bacterial backflow.
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Lymphatic —
duct
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Structural Adaptations for Absorption
The intestinal wall is engineered to create a cumulative surface area increase of ~600x. From macroscopic
to microscopic:
1. Plicae Circulares: Large, permanent circular folds of the mucosa and submucosa. They slow
chyme transit, creating turbulence for better mixing.
2. Villi: Finger-like projections of the mucosa (0.5-1.5 mm tall). Each villus contains:
o A dense capillary network (absorbs water-soluble nutrients).
o A central lacteal, a lymphatic capillary (absorbs fat-soluble nutrients packaged
into chylomicrons).
o Strands of muscularis mucosae allowing gentle swaying to enhance contact.
3. Microvilli (Brush Border): Form a dense "fuzzy" border on the apical surface of
absorptive enterocytes. This final layer houses brush border enzymes for terminal digestion and
maximizes surface area.
Chemical Digestion: The Enzyme Cascade
Digestion is a sequential process involving secretions from the pancreas, liver, and intestine itself.
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Water & Electrolyte Reabsorption: Reabsorbs ~1.5 liters of water daily, along with Na*, Cl-, and other
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ions, concentrating the luminal contents.

1. Microbial Fermentation: The gut microbiota (mostly in the proximal colon) ferments

undigested carbohydrates (fiber) into short-chain fatty acids (SCFAs) like butyrate (a primary

energy source for colonocytes), acetate, and propionate. This also produces gases (flatus).

2. Vitamin Synthesis: Bacteria synthesize Vitamin K (essential for clotting) and some B
vitamins (biotin, B5, folate), which are then absorbed.

3. Feces Formation & Storage: Compacts indigestible residue, bacteria, sloughed cells, and bile

pigments (which give color) into feces. Storage occurs primarily in the descending and sigmoid

colon.
Defecation Reflex:

1. Filling: Feces move into the rectum by
mass movements, causing rectal
distension.

2. Spinal Reflex: Stretch receptors signal
via pelvic nerves to the defecation

center in the sacral spinal cord (S2-S4).

3. Involuntary Response: The reflex
causes peristalsis in the sigmoid
colon/rectum and relaxes the internal
anal sphincter (smooth muscle,
involuntary).

4. Voluntary Control: Conscious
awareness allows the external anal
sphincter (skeletal muscle, voluntary)
to be contracted to delay defecation.
When appropriate, voluntary relaxation
of this sphincter, combined with
increased abdominal pressure (Valsalva
maneuver), allows expulsion.

ACCESSORY DIGESTIVE ORGANS
A. LIVER

e Largest gland; multifunctional
metabolic powerhouse.

¢ Functions:

o Bile Production: 600-1000
mL/day. Bile contains bile salts
(emulsify fats), cholesterol,
phospholipids, bile pigments
(bilirubin).

o Metabolic Regulation:

aunsIU jlewS

Jejunum

Parotid

Oral cavity i
salivary

gland
Teeth i
Tongue Submandib-
Sublingual |
salivary gland ular salivary
gland

Esophagus

Liver

J Stomach
Gallbladder ; ‘

Duodenum

Large

lleum intestine

Cecum

Appendix
Rectum

Anal canal

= Carbohydrates: Glycogenesis, glycogenolysis, gluconeogenesis.
= Proteins: Deamination of amino acids; urea synthesis.
= Lipids: Synthesis of cholesterol, lipoproteins (HDL, LDL).

o Detoxification: Processes drugs, alcohol, metabolic wastes.

o Storage: Glycogen, vitamins (A, D, B12), iron.

o Synthesis: Plasma proteins (albumin, clotting factors).

e Hepatic Portal System: Veins from GI tract carry nutrient-rich, toxin-laden blood to liver for
processing before it enters systemic circulation.

B. GALLBLADDER
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Cows (ruminant),
horses (hindgut
fermenter).

Humans, bears,

Examples :
pigs.

Cats, snakes. Eagles, sparrows.

Specific Adaptations:
e Foregut Fermentation (Ruminants): Multi-chambered stomach (rumen, reticulum, omasum,
abomasum). Microbes digest cellulose; animal regurgitates cud for re-chewing (rumination).
¢ Hindgut Fermentation: Enlarged cecum and/or colon (e.g., horses, rabbits). Coprophagy in
some allows re-ingestion of microbially processed feces.
e Molecular Adaptations: Convergent evolution of stomach lysezyme in ruminants and leaf-
eating monkeys for digesting bacteria.
The Gut Microbiome: A Vital Symbiotic Organ
The community of microorganisms (bacteria, archaea, fungi, viruses) in the alimentary tract.

Functions:

1. Digestion: Ferments indigestible fibers into Short-Chain Fatty Acids (SCFAs) like acetate,

propionate, butyrate.

2. Synthesis: Produces vitamins (K, B12, Biotin, Folate).
3. Immunological: Trains and modulates the host immune system; supports gut-barrier integrity.
4. Protective: Outcompetes pathogens via colonization resistance.

Practice MCQs

1. Which of the following is the correct
sequence of the digestive tract from proximal
to distal?

A) Esophagus, Stomach, Duodenum, Jejunum,
lleum

B) Stomach, Esophagus, [leum, Jejunum,
Duodenum

C) Duodenum, Jejunum, Ileum, Stomach,
Esophagus

D) Jejunum, Ileum, Duodenum, Stomach,
Esophagus

Answer: Esophagus, Stomach, Duodenum,
Jejunum, Ileum

2. Which hormone is responsible for
stimulating the release of bicarbonate-rich
pancreatic juice?

A) Gastrin

B) Secretin

C) Cholecystokinin

D) Gastric Inhibitory Peptide

Answer: Secretin

3. Which of the following cells secrete
pepsinogen in the stomach?

A) Parietal Cells

B) G Cells

C) Chief Cells

D) Mucous Neck Cells

Answer: Chief Cells

4. The majority of nutrient absorption occurs
in which part of the small intestine?

A) Duodenum

B) Jejunum

C) lleum

D) All parts equally

Answer: Jejunum

5. Which vitamin requires intrinsic factor for
its absorption in the ileum?

A) Vitamin C

B) Vitamin B12

C) Vitamin D

D) Vitamin K

Answer: Vitamin B12

6. The process of breaking down large fat
globules into smaller droplets is primarily the
function of:

A) Pancreatic Lipase

B) Bile Salts

C) Gastric Lipase

D) Colipase

Answer: Bile Salts

7. Which of the following is NOT a primary
function of the liver?

A) Gluconeogenesis
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Chapter 1

The Noun

Definition of Noun

A noun is a word that functions as the name of a:

Person: child, woman, Ali, teacher

Place: city, Lahore, park

Thing: table, car, money

Animal: dog, elephant, bird

Idea, Quality, or State: happiness, bravery, knowledge, poverty

Action: (Gerunds) swimming, reading, driving

In simple terms, a noun is a naming word. The name of everything is a noun.

Types of Nouns
Nouns can be categorized into eight primary types for a clearer understanding of their usage.
1. Proper Noun
A proper noun is the specific name of a particular person, place, or thing.

e Rule 1: It always begins with a capital letter.

e Rule 2: It can not be changed into a plural form (e.g., There are two Ali's in my class).

2. Common Noun
A common noun is a general name that is common to all persons, places, or things of the same kind.

It denotes no particular entity.
Proper Noun Common Noun

Ali boy
Lahore city
Badshahi Mosque mosque

3. Material Noun
A material noun is the name of a substance or matter from which things are made. These often exist in
different states of matter: solid, liquid, gas, and plasma. Things in a solid state are sometimes called
concrete nouns.

o Examples: wood, gold, water, air, plastic, cement.

4. Abstract Noun
An abstract noun is the name of an idea, quality, state, or feeling that does not exist in a physical or
material form.

Examples: love, honesty, anger, childhood, poverty, wisdom.

Material Noun Abstract Noun

Water Honesty
Iron Strength
Milk Whiteness

5. Countable Noun
Countable nouns refer to objects or items that can be counted. They have both singular and plural forms.
o Examples: an egg, three oranges, many chairs, several ideas.

6. Uncountable Noun
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Rule 13: Subject-Verb Agreement with "Number of" vs. '"A Number of"

The phrases "the number of" and "a number of" are followed by different verb forms.

The number of students is increasing. (Refers to the number itself, which is singular)

A number of students are absent today. (Means "several," referring to the students, which is plural)

Rule 14: Nouns Ending in "-ics" (Academic Subjects)
-ics" are generally singular. However, when they refer to

n

Names of academic subjects ending in

specific activities, qualities, or practical applications, they can be plural.

Mathematics is easy for her. (As a field of study)

Her mathematics are weak. (Referring to her mathematical skills/calculations)

Rule 15: Agreement with Paired Nouns

When two or more singular nouns are connected by "and" and refer to the same person or thing, they
take a singular verb. Otherwise, they take a plural verb.

Bread and butter is my favorite breakfast. (Treated as a single item)
The principal and secretary has arrived. (One person holding both positions)
The principal and the secretary have arrived. (Two different persons)

Practice MCQ

1. Identify the type of noun for the word
"team" in the sentence: ""The team won
the championship."

A. Common Noun

B. Collective Noun

C. Abstract Noun

D. Compound Noun

Answer: B

2. Which of the following is an abstract
noun?

A. Water

B. Honesty

C. Lahore

D. Chair

Answer: B

3. Choose the correct sentence according
to noun rules.

A. The scissor is on the table.

B. The scissors is on the table.

C. The scissors are on the table.

D. A scissor are on the table.

Answer: C

4. The noun "poultry" in the sentence
"The poultry are being fed" is an
example of a noun that:

A. Is always singular

B. Appears singular but takes a plural verb
C. Is a material noun

D. Is uncountable

Answer: B

MK PREPARATIONS: Let’s Make It Happen
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5. Which of the following nouns is always

plural in form and takes a plural verb?

A. News

B. Economics

C. Trousers

D. Politics

Answer: C

6. Identify the compound noun.

A. Beautifully

B. Swimming pool

C. Quickly

D. Happiness

Answer: B

7. Select the sentence where an

uncountable noun is used correctly.

A. She gave me some good advices.

B. The furnitures in this room are new.

C. Her hair are long and black.

D. The information provided was incorrect.

Answer: D

8. The word "people" in "Many people

attend the fair" is a noun that:

A. Is singular

B. Appears singular but takes a plural verb

C. Is a collective noun

D. Is a proper noun

Answer: B

9. The use of the indefinite article 'a' with

the normally uncountable noun

'experience’ in the sentence "I had a

bitter experience" is justified because:

A. The noun is used in a
Page 4|6
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Chapter 2
The Pronoun

Definition of Pronoun

A pronoun is a word used in place of a noun or a noun phrase to avoid repetition. It refers to a noun
that has been mentioned before or is clearly understood from the context.

Example: "Ali is a doctor. He works in a hospital." (The pronoun "He" replaces the noun "Ali").

Types of Pronouns

Pronouns can be categorized into nine main types:

Personal Pronoun

Possessive Pronoun

Reflexive Pronoun

Demonstrative Pronoun

Indefinite Pronoun

Relative Pronoun

Interrogative Pronoun

Distributive Pronoun

Reciprocal Pronoun

1. Personal Pronoun

Personal pronouns refer to specific people or things and change form based on person (first, second,
third), number (singular, plural), case (subject, object), and gender (he, she, it).

UNouoiyd Yl "7

Person Subject Object Possessive Possessive Reflexive
Pronoun Pronoun Adjective Pronoun Pronoun

First (Singular) I me my mine myself
First (Plural) we us our ours ourselves
Second you you your yours yourself /
(Singular/Plural) yourselves
Third (Masc.) he him his his himself
Third (Fem.) she her her hers herself
Third (Neutral) it it its its itself
Third (Plural) they them their theirs themselves

2. Possessive Pronoun

A possessive pronoun shows ownership and is used when the noun is not expressed.
Examples: mine, his, hers, ours, yours, theirs.

This is my book. That one is yours (your book).

Their house is big, but ours (our house) is more comfortable.

3. Reflexive Pronoun

A reflexive pronoun ends in -self or -selves and is used when the subject and the object of a verb are the
same person or thing.

Examples: myself, ourselves, yourself, yourselves, himself, herself, itself, themselves.
She taught herself how to play the guitar.

The cat cleaned itself.

4. Demonstrative Pronoun

A demonstrative pronoun points to a specific noun (its antecedent) and replaces it.
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For positive/pleasant contexts: You, He/She, and I.
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e For negative contexts (like admitting fault): I, He/She, and You.

e You, he, and I are invited to the party.
e I, he, and you are responsible for this mistake.

Practice MCQs

1. Choose the sentence that is grammatically
correct.

A. This matter is between you and 1.

B. This matter is between you and me.

C. This matter is between yourself and myself.
D. This matter is among you and L.

Answer: B

2. Which of the following is a distributive
pronoun?

A. Themselves

B. Someone

C. Each

D. This

Answer: C

3. Identify the sentence with the correct use of
a relative pronoun.

A. The man which called is my uncle.

B. The man, that called, is my uncle.

C. The man who called is my uncle.

D. The man whom called is my uncle.
Answer: C

4. Fill in the blank: She is smarter than .
A.me

B.1

C. myself

D. mine

Answer: B

5. The grammatical error in the sentence '"She
told her mother that she was wrong" is related
to:

A. The misuse of a possessive adjective.

B. The omission of a reflexive pronoun.

C. The use of an ambiguous pronoun.

D. The incorrect case of a personal pronoun.
Answer: C

6. Select the correct possessive form: That
bookis .

A. your's

B. yours

C. your

D. you'res

Answer: B
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7. In the sentence "One should always respect

____elders," the correct pronoun is:

A. his

B. one's

C. their

D. your

Answer: B

8. The pronoun in "The two rivals blamed

each other" is a/an:

A. Reciprocal pronoun

B. Reflexive pronoun

C. Indefinite pronoun

D. Demonstrative pronoun

Answer: A

9. Choose the sentence with the correct

pronoun order for a positive context.

A. I, you, and he must collaborate on the project.

B. You, I, and he must collaborate on the project.

C. You, he, and I must collaborate on the project.

D. He, you, and [ must collaborate on the project.

Answer: C

10. Identify the interrogative pronoun in the

following sentence: ""Whose is this notebook?"

A. Whose

B. this

C.is

D. notebook

Answer: A

11. Which of the following sentences uses a

reflexive pronoun correctly?

A. He bought himself a new car.

B. He bought hisself a new car.

C. He bought him a new car.

D. He bought he a new car.

Answer: A

12. Select the correct sentence:

A. Whom do you think will win the election?

B. Who do you think will win the election?

C. Which do you think will win the election?

D. Whose do you think will win the election?

Answer: B

13. The pronoun "who" in the sentence "The

student who studies hard will succeed" is a:
A. Interrogative Pronoun
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Chapter 3

The Verb

Definition of Verb

A verb is fundamentally a word that denotes an action (run, synthesize), indicates a state of being (is,
exist), or describes an occurrence (happen, become). It forms the essential predicate that tells something
about the subject.

A Conceptual Classification of Verb

Understanding verb types is crucial for mastering sentence structure, tense usage, and voice.

1. Transitive Verbs: The Action Transferers
A transitive verb requires one or more objects to complete its meaning. The action originates with
the subject and is transferred to an object.

Example 1: The scientist conducted the experiment.

Analysis: The verb "conducted" is meaningless without its object "the experiment." It answers

"conducted what?"

Example 2: The author wrote a compelling novel.

Analysis: "Wrote" requires the object "a compelling novel" to complete the thought.

2. Intransitive Verbs: The Self-Contained Actions
An intransitive verb expresses a complete action without transferring that action to an object. It may
be followed by an adverb, a prepositional phrase, or nothing.

Example 1: The results emerged slowly.

Analysis: The verb "emerged" is complete in itself. "Slowly" merely modifies the action; it is not an

object.

Example 2: All the guests arrived before noon.

Analysis: "Arrived" does not need an object; "before noon" is a prepositional phrase indicating time.

3. Ditransitive Verbs: The Double Object Handlers
A subset of transitive verbs that take two objects: a direct object (the thing that is given/told) and
an indirect object (the person/thing that receives it).

Structure: Subject + Verb + Indirect Object + Direct Object

Example 1: She gave the student a book.

Analysis: "A book" (Direct Object - what was given), "the student" (Indirect Object - to whom it was

given).

Example 2: The manager offered his team a new proposal.

Analysis: "A new proposal" (Direct Object), "his team" (Indirect Object).

4. Linking (Copular) Verbs: The Connectors
Linking verbs do not express action. Instead, they link the subject to a subject complement—a
word or phrase that renames or describes the subject.

Common Linking Verbs: be, become, seem, appear, feel, look, sound, smell, taste, remain, stay, grow,

turn, prove.

Example 1: His hypothesis proved correct.

Analysis: "Proved" connects the subject "hypothesis" to the adjective "correct," which describes it.

Example 2: She became a renowned scientist.

Analysis: "Became" links the subject "She" to the noun phrase "a renowned scientist," which renames

her.

5. Causative Verbs: The Instigators
Causative verbs indicate that the subject causes someone else to perform an action. The three
primary causatives (make, have, get) differ in force and structure.

Make + Agent + Base Form: Implies force or compulsion.

Example 1: The manager made the team work overtime.
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Example 2: The strict regulations made the company change its policy.

Have + Agent + Base Form: Implies delegation or arrangement.

Example 1: 1 had the technician install the software.

Example 2: She had her assistant draft the report.

Get + Agent + To-Infinitive: Implies persuasion or effort.

Example 1: She got her brother to help her move.

Example 2: They finally got the government to listen to their demands.

6. Auxiliary (Helping) Verbs: The Tense and Mood Formers
Auxiliary verbs are used in conjunction with a main verb to express grammatical nuances of tense,
mood, and voice.

Primary Auxiliaries: be, have, do. They can also function as main verbs.

Example (Tense): They are discussing the proposal. (Present Continuous)

Example (Voice): The proposal was discussed by them. (Passive Voice)

Modal Auxiliaries: can, could, will, would, shall, should, may, might, must. They express ability,

permission, possibility, necessity, or obligation.

Example (Obligation): Candidates must submit the form by Friday.

Example (Possibility): It might rain later today.

Verb Forms:

Base Form (V1) Past Simple (V2) | Past Participle (V3) Present Participle (V4)

abide abode abode abiding
arise arose arisen arising
awake awoke awoken awaking
be was/were been being
bear bore borne bearing
beat beat beaten beating
become became become becoming
begin began begun beginning
bend bent bent bending
bet bet bet betting
bid bid bid bidding
bind bound bound binding
Page 2|12
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Practice MCQs

1. Identify the type of verb in: ""She
became a doctor after years of study."
A. Transitive Verb

B. Intransitive Verb

C. Linking Verb

D. Causative Verb

Answer: C

2. Which sentence uses a ditransitive verb?
A. The sun rises in the east.

B. She sang a beautiful song.

C. He told the children a story.

D. They arrived late.

Answer: C

3. Choose the correct causative structure:
A. I made him to apologize.

B. I had him apologize.

C. I got him apologize.

D. Ilet him to leave.

Answer: B

4. The verb in "The flowers smell
wonderful" is:

A. Transitive

B. Intransitive

C. Linking

D. Auxiliary

Answer: C

5. Which verb is followed by a gerund?
A. decide

B. want

C. avoid

D. hope

Answer: C

6. Select the correct sentence:

A. She suggested to go early.

B. She suggested going early.

C. She suggested go early.

D. She suggested to going early.
Answer: B

7. Identify the intransitive verb:

A. write

B. build

C. arrive

D. make

Answer: C

8. "The committee has reached its
decision." Here 'has' is:

A. Main verb

MK PREPARATIONS: Let’s Make It Happen
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B. Primary auxiliary

C. Modal auxiliary

D. Linking verb

Answer: B

9. Which sentence shows correct verb
agreement?

A. The list of items are long.

B. Each of the students are present.

C. Neither answer is correct.

D. The team are winning.

Answer: C

10. Choose the correct past participle
form:

A. swimmed

B. swam

C. swum

D. swim

Answer: C

11. The error in "She laid on the bed all
day" is:

A. Wrong tense

B. Wrong verb form

C. Missing object

D. Subject-verb disagreement
Answer: B (Should be 'lay")

12. Which modal verb expresses necessity?
A. can

B. may

C. must

D. might

Answer: C

13. Identify the transitive verb:

A. sleep

B. laugh

C. eat

D. exist

Answer: C

14. "I got him to confess." This uses:
A. Transitive verb

B. Causative verb

C. Linking verb

D. Intransitive verb

Answer: B

15. Which verb takes an infinitive?
A. enjoy

B. finish

C. plan
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Chapter 4

Subject-Verb Agreement

Introduction

Subject-verb agreement is a fundamental rule of English grammar. It states that the verb in a sentence
must agree in number with its subject. A singular subject requires a singular verb, and a plural subject
requires a plural verb. This chapter outlines the key rules and exceptions to ensure grammatical accuracy
in your writing and speech.

Subject Verb Agreement Correction Rules
Rule 1: The Interrupting Phrase
When the subject is followed by a phrase like as well as, along with, together with, in addition to,
including, besides, or accompanied by, the verb agrees with the original subject, not the noun in the
phrase.

e The manager, as well as the team members, is attending the conference.

My parents, along with my uncle, are visiting us.

Rule 2: Compound Subjects with "And"

General Rule: Two or more subjects joined by and take a plural verb.

Ali and Sana are studying for the exam.

Exception: When the compound subject refers to a single idea or item, use a singular verb.

Bread and butter is a common breakfast. (One food item)

My friend and mentor has left the company. (One person)

Rule 3: Indefinite Pronouns

The following indefinite pronouns always take a singular verb:

each, either, neither, anyone, anybody, anything, everyone, everybody, everything, someone, somebody,

something, no one, nobody, nothing.

¢ Everyone in the office has a assigned parking space.

e Neither of the answers is correct.

e Each of the students has passed the test.
Note on "None': "None" can be singular or plural. However, it is often treated as singular, especially
in formal writing.

e None of the information was useful. (Singular)

¢ None of the options are acceptable. (Plural, implying "not any")

Rule 4: Flexible Quantity Words

The pronouns all, any, more, most, and some can be singular or plural, depending on whether they refer

to a countable or uncountable noun.

All the water has evaporated. (Uncountable = Singular Verb)

All the students have left. (Countable = Plural Verb)

Some of the advice was helpful. (Uncountable)

Some of the books were missing. (Countable)

Rule 5: Collective Nouns

A collective noun (e.g., team, jury, crowd, committee, family) can be singular or plural.

Use a singular verb when the group acts as a single unit.

The jury has reached its verdict.

Use a plural verb when the members of the group are acting individually.

The jury are still debating their opinions.

Rule 6: "A Number" vs. "The Number"

A number of... means "many" and takes a plural verb.

o A number of students were absent today.

e The number of... refers to a specific figure and takes a singular verb.
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The number of absent students was surprisingly high.

Rule 7: Amounts and Quantities

When a plural noun refers to a single amount, quantity, or unit, it takes a singular verb.
Fifty dollars is too much to pay for that.

Three years seems like a long time to wait.

Two-thirds of the city was without power.

Rule 8: Titles and Names

The titles of books, movies, companies, and countries are always singular, even if they contain
plural words.

"Great Expectations" is a classic novel.

Feroze Sons is a well-known publisher.

Rule 9: "Many" vs. "Many A"

Many is always plural.

Many athletes compete for the prize.

Many a is always singular and is followed by a singular noun and verb (though it has a plural meaning).

Many an athlete competes for the prize.

Rule 10: "Or," "Nor," "Either...Or," "Neither...Nor"

When subjects are joined by or, nor, either...or, or neither...nor, the verb agrees with the subject
closest to it.

Neither the teacher nor the students are in the classroom.

Neither the students nor the teacher is in the classroom.

Rule 11: "Here," "There," and '""Where"

In sentences beginning with Aere, there, or where, the verb agrees with the true subject that comes
after it.

There are many reasons for this decision.

Here is the file you requested.

Rule 12: Relative Pronouns (""Who," "Which," "That")

The verb in a relative clause should agree with the pronoun's antecedent (the word it refers to).

I respect the woman who works hard. ("Who" refers to "woman," so the verb is singular)

I respect the women who work hard. ("Who" refers to "women," so the verb is plural)

Practice MCQs

The criteria for selection (b) are
significantly more rigorous this year. (c) were
(a)is (d) have been
(b) are Answer: (a) is
(c) was 4. The number of applicants for the
(d) were prestigious fellowship exceeded
Answer: (b) are expectations.
A series of lectures on quantum mechanics (a) have

scheduled for this semester. (b) has
(a)is (c) are
(b) are (d) were
(c) have been Answer: (b) has
(d) were 5. Fifty percent of the data been
Answer: (a) is corrupted and unrecoverable.
Neither the shareholders nor the CEO (a) has, is

content with the quarterly report. (b) have, are
(a) is (c) has, are
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Chapter 5

The Adverb
Definition of Adverb

An adverb is a word that modifies (qualifies) a verb, an adjective, another adverb, a preposition, a
conjunction, or even an entire sentence. It provides additional information about time, manner, place,
frequency, degree, and certainty.

Core Function: To add descriptive detail to show how, when, where, why, or to what extent something
happens.

The Versatile Roles of an Adverb
Adverbs can modify various parts of speech:
» Modifying a Verb:
¢ She sang beautifully.
e He runs quickly.
» Modifying an Adjective:
e She is extremely intelligent.
o This is a very interesting book.
» Modifying Another Adverb:
e He works incredibly efficiently.
o  She spoke almost inaudibly.
» Modifying a Preposition:
e The ball landed just inside the boundary.
¢ He arrived shortly after noon.
» Modifying a Conjunction:
e [ like him, simply because he is honest.
e She left soon after the meeting began.
» Modifying an Entire Sentence:
e Fortunately, the weather remained clear.
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Types of Adverb

Adverbs can be categorized based on the specific information they provide.

1. Adverbs of Manner

Describe sow an action is performed.

Questions Answered: How? In what manner?

Examples: quickly, slowly, carefully, beautifully, well, fast
He solved the problem efficiently.

They danced gracefully.

2. Adverbs of Place

Describe where an action occurs.

Questions Answered: Where? Where to?

Examples: here, there, everywhere, somewhere, inside, outside
Please wait outside.

The children are playing upstairs.

»nZ O —~=pXpoimA

3. Adverbs of Time
Describe when an action occurs.
¢ Questions Answered: When? How long? How often?
o Examples: now, then, today, yesterday, soon, already, yet
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Practice MCQs

1. Identify the type of adverb in the
sentence: '"He will probably complete the
project by tomorrow."

A. Adverb of Manner

B. Adverb of Time

C. Adverb of Affirmation

D. Adverb of Degree

Answer: C

2. Choose the sentence with the correct
adverb order:

A. She sang beautifully at the concert last
night.

B. She sang at the concert beautifully last
night.

C. She beautifully sang last night at the
concert.

D. Last night at the concert she sang
beautifully.

Answer: A

3. The error in the sentence "I am very
pleased to meet you" is:

A. Incorrect use of 'very'

B. Incorrect verb tense

C. Wrong pronoun

D. No error

Answer: A (Should be 'much pleased')

4. Which sentence uses the correct
comparative form of the adverb?

A. She works more harder than anyone else.
B. She works harder than anyone else.

C. She works more hard than anyone else.
D. She works hardest than anyone else.
Answer: B

5. Identify the relative adverb in: "I
remember the day when we first met."
Al

B. remember

C. day

D. when

Answer: D

6. The sentence "He reached the station
lately" is incorrect because:

A. 'lately' means recently, not 'late’

B. Wrong preposition

C. Incorrect verb form

D. Missing article

Answer: A
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7. Choose the correct negative inversion:

A. Hardly had I left when the storm began.

B. Hardly I had left when the storm began.

C. Hardly I left when the storm began.

D. I had left hardly when the storm began.

Answer: A

8. Which adverb modifies the entire

sentence?

A. quickly

B. here

C. unfortunately

D. very

Answer: C

9. The error in "She is too beautiful" is

that:

A. 'too' implies excess and should be 'very'

B. Wrong adjective form

C. Incorrect verb agreement

D. No error

Answer: A

10. Identify the adverb of degree: ""The

project is almost complete."

A. project

B.is

C. almost

D. complete

Answer: C

11. Which sentence demonstrates correct

use of 'much’' and 'very'?

A. T'am very much tired after the long journey.

B. I am very tired after the long journey.

C. [ am much tired after the long journey.

D. Both A and B are correct.

Answer: B

12. Choose the correct superlative form:

"Of all the students, she solves problems
"

A. most intelligently

B. intelligentlyest

C. more intelligently

D. most intelligent

Answer: A

13. Identify the adverb modifying a

preposition: "The ball landed just outside

the boundary."
A. ball
B. landed

C. just
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Chapter 6

The Adjective

Definition of Adjective

An adjective is a word that modifies a noun or a pronoun by describing, identifying, or quantifying it. It
adds meaning by answering questions like What kind? Which one? How many? or How much?

Core Function: To provide more information about a noun or pronoun.

Placement Rules:

Before a Noun (Attributive Position): A brilliant idea, the blue sky

After a Linking Verb (Predicative Position): The idea is brilliant. The sky appears blue.

o =

Types of Adjective

Adjectives can be categorized based on their specific function and meaning.

~ L

1. Proper Adjective
Formed from proper nouns and used to describe something related to that noun.
¢ Examples: Chinese food, Pakistani culture, Victorian era, Shakespearean drama

2. Descriptive Adjective (Adjective of Quality)
Describes the quality, state, or kind of a noun.
Examples: a brave soldier, a sick patient, a beautiful painting, an honest person
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3. Adjective of Quantity
Indicates the amount or quantity of a noun (used with uncountable nouns).
Examples: some water, much effort, little hope, enough time, all people

4. Adjective of Number (Numeral Adjective)

Shows the number or order of nouns (used with countable nouns).

e Definite Numeral: one, two, first, second (shows exact number)

e Indefinite Numeral: many, few, several, some (shows approximate number)
Distributive Numeral: each, every, cither, neither (refers to individual members)

5. Demonstrative Adjective

Points out or demonstrates which specific noun is being referred to.

o Definite Demonstrative: this, that, these, those, the

e Indefinite Demonstrative: a, an, any, one, certain, some, other, another

6. Interrogative Adjective
Used with a noun to ask a question.
Examples: Which book do you prefer? Whose bag is this? What time is it?

7. Possessive Adjective
Shows possession or ownership.
Examples: my book, your pen, his car, her dress, our house, their garden

»nZ O —~=pXpoimA

Degrees of Comparison
Most descriptive adjectives, along with much/many and little/few, have three degrees of comparison.

1. Positive Degree
e The base form of the adjective.
e Used when no comparison is made.
e Example: This is a long road. She is intelligent.
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literature class.

Answer: A

3. The error in the sentence "This is the
most perfect specimen I have ever seen" is:
A. Incorrect use of superlative degree

B. 'Perfect' is an absolute adjective

C. Wrong verb tense

D. Missing article

Answer: B

4. Which sentence demonstrates correct
use of adjectives after linking verbs?

A. The flowers smell sweetly.

B. The flowers smell sweet.

C. The flowers are smelling sweetly.

D. The flowers are smelling sweet.
Answer: B

5. Identify the demonstrative adjective:
"Those buildings across the street are
historical landmarks."

A. Those

B. buildings

C. across

D. historical

Answer: A

6. Choose the correct comparative form:
"Her performance was than
expected."

A. more better

B. better

C. gooder

D. more good

Answer: B

7. The sentence "He is senior than all other
officers" is incorrect because:

A. Wrong preposition after 'senior’

B. Incorrect use of comparative degree

C. Wrong subject-verb agreement

D. Missing article

Answer: A

8. Which of these is an adjective of
number?

A. several

B. much

C. some

D. enough

Answer: A

9. Identify the sentence with correct
adjective order:

A. She wore a beautiful red silk dress.
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B. She wore a red beautiful silk dress.

C. She wore a silk beautiful red dress.

D. She wore a beautiful silk red dress.
Answer: A

10. The error in "She feels badly about the
situation" is:

A. 'Badly' should be 'bad' after linking verb
B. Wrong adverb form

C. Incorrect preposition

D. Missing subject

Answer: A

11. Choose the correct usage of 'few' and
little':

A. There are few students in the class today.
B. There is few students in the class today.
C. There are little students in the class today.
D. There is little students in the class today.
Answer: A

12. Identify the possessive adjective: "Our
team performed better than their team."
A. Our

B. team

C. better

D. their

Answer: A

13. Which sentence uses an absolute
adjective correctly?

A. This is the most unique opportunity.

B. This is a very unique opportunity.

C. This is a unique opportunity.

D. This is the uniquest opportunity.
Answer: C

14. The phrase "God Almighty"
demonstrates:

A. Proper adjective usage

B. Adjective following the noun

C. Superlative degree

D. Demonstrative adjective

Answer: B

15. Choose the sentence with correct
participle adjective usage:

A. The bored lecture put everyone to sleep.
B. The boring lecture put everyone to sleep.
C. The lecture was bored everyone.

D. Everyone was boring by the lecture.
Answer: B

16. Identify the interrogative adjective:
""Which route should we take to avoid
traffic?"
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Chapter 7

Preposition

Introduction

A preposition is a word that shows a relationship between a noun (or pronoun) and another word in a
sentence. This relationship can be one of time, place, direction, manner, or agency. Prepositions are
essential for providing context and clarity.

Common Prepositions: in, on, at, with, under, above, into, by, of, to, for, from, about, between, among.

Prepositions of Time

N
1
q
0
o
]
=
=
)
3

M Preposition Example
K At Specific times, night, holidays At 5 o'clock, at night, at Fid
On Days, specific dates On Monday, on 25th March
I Months, seasons, years, centuries, long In August, in winter, in 2006, in the
n
periods, parts of the day (except 'night") morning

From a specific point in time (past until

Since She has lived here since 2010.
now)
For A duration of time (past until now) He studied for two hours.
i The shop is

From...to Start and end of a period _

open from Monday to Friday.
Until/Till Up to a certain time He is on holiday until Friday.
By At the latest; a deadline [ will finish by noon.
Before Earlier than a certain time Before 2004
After Later than a certain time After the meeting
Ago A time in the past from now He left ten minutes ago.
Past/To Telling the time Ten past six (6:10), Ten to six (5:50)

Prepositions of Place and Location
These prepositions tell us where something is located.

Preposition Usage Example

nZO—~H-Hp AP ovmRT

I Enclosed spaces, countries, cities, In the kitchen, in Pakistan, in a
n
streets, books book, in the car
o Surfaces, public transport, rivers, On the wall, on the bus, on the
n
floors, attached Thames, on the 2nd floor
Page 1|13
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13. Consist of twelve months. (Not from) 31. Live on his salary. (Not from)

14. Covered with snow. (Not by) 32. Look at the board. (Not 70)

15. Cure of a disease. (Not from) 33. Married to her cousin. (Not with)

16. Depend on him. (Not from) 34. Prefer tea to coffee. (Not from or than)

17. Die of an illness. (Not frrom) 35. Proud of his son. (Not for) _N

18. Different from yours. (Not than) 36. Related to him. (Not with)

19. Disappointed in his work. (Not from) 37. Similar to mine. (Not with) E

20. Divide into parts. (Not in) 38. Sit at a desk. (Not on) (¢]

21. Dressed in black. (Not with) 39. Spend money on books. (Not for) g )
M 22. Exception to the rule. (Not of) 40. Succeed in his career. (Not at) (o)

23. Exchange for machinery. (Not by) 41. Superior to this model. (Not than or from) !.‘.
K 24. Fail in an exam. (Not from) 42. Sure of his honesty. (Not for) '.'.I'.

25. Full of water. (Not with or from) 43. Surprised at the news. (Not for) (o)

26. Good at mathematics. (Not in) 44. Suspect of a crime. (Not for) =

27. Independent of his parents. (Not from) 45. Tired of waiting. (Not from)

28. Interested in history. (Not for) 46. Translate into English. (Not 70)
29. Jealous of his brother. (Not from) 47. Tremble with fear. (Not from)
30. Leave for London. (Not 70) 48. Write in ink. (Not with ink

Nouns, Adjectives, and Verbs with Prepositions

A. Common Noun + Preposition Combinations
o advantage of (doing) something | advantage to (being) something

e cause of the problem

e cheque for £100

damage to the car

¢ demand for skilled workers
o difference between A and B
e increase in prices

e invitation to the party

¢ reason for the delay

e solution to a problem

e relationship with someone

B. Common Adjective + Preposition Combinations
e afraid of spiders

e angry with someone about something
e aware of a fact

»nZ O —~=pXpoimA

¢ bad at languages

e capable of achieving

o different from others

o excited about the trip

e famous for its cuisine

e fed up with the situation
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Absorbed in bxd U rEl Lf(
Accuse of Vlﬁ(’j L4 UJ
Accustomed to R4 d
Adapt to V?Jwﬁ’ff.l&féﬂuj
Add to TN
Adept at Uxt b2 8 u/
Admit to ey
Advise on QJD/P”4LVJ(
Afraid of che g8
Agree with e C—Jﬁé (f(
T
Base on Lo 47 Lf(
Beg for L/'/G'J’J/JJ(
Begin with LS T /,,Zb((
Believe in Lf/f:z.j UJ
Belong to exre UJ
Benefit from Wil /,,Zb((
Blame for L’@(!ﬂl@;&(
Boast about 0/ f L7 Lf(
Borrow from l'/J../lmicJ(
Bump into L B b L] lg'cuf
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Capable of L’nJB’L(K u’(
Care about V/v'!/,d/ /,Zb((
Charge with Gy yRit (K u/
Choose between Sl s 200
Clash with bl e’
Collaborate with 7 (K/ J7 Lzéu’(
Combine with b L Z u/
Comment on Y L2 J(
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Practice MCQs

(c) about
The renowned architect is absorbed (d) on
the design of a revolutionary sustainable Answer: (c) about
city.
(a) at 7. Her latest novel is reminiscent the
(b) by magical realism of Gabriel Garcia
(c) in Marquez.
(d) with (a) to
Answer: (c) in (b) with

(c) of
His thesis provides a compelling argument, (d) from
but I must disagree his fundamental Answer: (c) of
premise.
(a)to 8. The diplomat was anxious the
(b) with potential repercussions the trade
(c) on agreement.
(d) against (a) for, from
Answer: (b) with (b) about, of

(c) with, for
The CEO was accused the board (d) at, with

gross financial misconduct. Answer: (b) about, of

(a) by, for
(b) to, of 9. The new policy is inferior the
(c) by, of previous one almost every
(d) from, with measurable aspect.
Answer: (c) by, of (a) than, in

(b) to, in
The artist's work, which consists (c) from, for
found objects, comments (d) against, by
consumerist society. Answer: (b) to, in
(a) of, on
(b) with, about 10. He is highly regarded his peers
(c) from, for his integrity and work ethic.
(d) in, to (a) by, for
Answer: (a) of, on (b) from, about

(c) with, in
The country's economy is largely dependent (d) to, because of

the export crude oil. Answer: (a) by, for

(a) on, of
(b) from, for 11. The scientist's theory is based years
(c) by, in meticulous research.
(d) with, about (a) on, of
Answer: (a) on, of (b) in, for

(c) at, with
The investigator warned the public (d) by, during
a sophisticated new phishing scam. Answer: (a) on, of
(a) for
(b) from

Page 12|13
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Chapter 8
Sentence, Phrase and Clause

The Sentencea

Definition

A sentence is a grammatically complete set of words that expresses a clear thought. It typically contains
a subject and a predicate. A sentence begins with a capital letter and ends with a terminal punctuation
mark: a period (.), a question mark (?), or an exclamation mark (!).

Examples:

He goes to school.

She is eating an apple.

Who are you?

What a beautiful flower!

Parts of a Sentence

Every sentence can be divided into two essential parts:

Subject: The person, place, thing, or idea that is performing an action or being described. It tells

us who or what the sentence is about.

Predicate: The part of the sentence that contains the verb and tells us something about the subject. It

describes the action or state of being.
Sentence Subject Predicate

The sun shines brightly. The sun shines brightly.
She is writing a letter. She 1s writing a letter.
Allama Igbal is our national poet. Allama Igbal is our national poet.

Other Elements in a Sentence

Object: A word or group of words that receives the action of the verb.

Direct Object: Answers "what?" or "whom?" after the verb.

Example: I threw the ball.

Indirect Object: Answers "to whom?" or "for whom?" the action is done. It comes before the direct
object.

Example: She gave me the book.

Complement: A word or group of words that completes the meaning of the subject or object.

Subject Complement: Follows a linking verb (e.g., is, am, are, seem, become) and describes the subject.
Example: He is a teacher. (Noun) | He seems tired. (Adjective)

Object Complement: Follows and describes the direct object.

Example: They made him the captain. (Noun) | The news made her happy. (Adjective)

Types of Sentences by Function
Sentences can be categorized based on their purpose and the emotion they convey.

Function Punctuation Example

Makes a statement or ) _
Declarative o Period (.) The sky is blue.
expresses an opinion.
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I like mathematics, but my brother likes biology because he wants to be a doctor.

Practice MCQs

, the renowned scientist presented
her groundbreaking research on quantum
computing.

(a) After years of meticulous experimentation
(b) A woman of great intellect and
determination

(c) In the prestigious international conference
(d) Which was attended by Nobel laureates
Answer: (c) In the prestigious
international conference (This is a
prepositional phrase setting the scene. The
other options are either a dependent clause (a,
d) or a noun phrase (b) that cannot stand
alone before the comma.)

The hypothesis, , was later proven
to be fundamentally flawed.

(a) although initially met with great acclaim
(b) the result of an inspired guess

(c) a complex and seemingly logical
construct

(d) which the young researcher had
passionately defended

Answer: (d) which the young researcher
had passionately defended (This is an
adjective clause correctly modifying
"hypothesis." Option (a) is an adverb clause,
(b) and (c) are appositive phrases.)

Which of the following is a classic example
of a compound-complex sentence?

(a) The storm raged, and the sailors fought
bravely.

(b) Although the storm raged, the sailors
fought bravely, and they eventually reached
the shore.

(c) The brave sailors fought the raging storm.
(d) Fighting the storm, the brave sailors
persevered.

Answer: (b) Although the storm raged, the
sailors fought bravely, and they eventually
reached the shore. (It has two independent
clauses and one dependent clause.)

In the sentence "His ultimate goal is to
decipher the enigmatic code," the phrase
""to decipher the enigmatic code" functions
as a:

(a) Noun Phrase

MK PREPARATIONS: Let’s Make It Happen
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(b) Adjective Phrase
(c) Adverb Phrase
(d) Prepositional Phrase
Answer: (a) Noun Phrase (It acts as a
subject complement, renaming the subject
"goal.")
"The committee will approve the proposal
provided that the necessary funds are
allocated." The underlined segment is
a/an:
(a) Adverb Clause of Condition
(b) Noun Clause as Object
(c) Adjective Clause
(d) Independent Clause
Answer: (a) Adverb Clause of
Condition (It begins with the subordinating
conjunction "provided that" and shows the
condition for the main action.)
Which sentence is correctly punctuated?
(a) May you succeed in all your endeavors,
and may you find true happiness.
(b) May you succeed in all your endeavors
and may you find true happiness.
(c) May you succeed, in all your endeavors,
and may you find true happiness.
(d) May you succeed in all your endeavors;
and may you find true happiness.
Answer: (a) May you succeed in all your
endeavors, and may you find true
happiness. (It correctly uses a comma before
the coordinating conjunction "and" to join the
two independent clauses in this compound
sentence.)
""What the witness claimed under oath was
later contradicted by forensic evidence."
The subject of this sentence is:
(a) the witness
(b) forensic evidence
(c) What the witness claimed under oath
(d) was later contradicted
Answer: (c) What the witness claimed
under oath (This is a noun clause acting as
the complete subject of the sentence.)
The sentence "The artist, whose work has
been both praised and vilified, remains an
enigmatic figure" contains:
(a) An appositive phrase
Page 4|6
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Chapter 9
Active and Passive Voice

Introduction

Voice is a form of a verb that indicates whether the subject performs the action or receives the action.
There are two voices in English: Active and Passive.

Active Voice: The subject performs the action.

Example: The chef cooked the meal.

Passive Voice: The subject receives the action.

Example: The meal was cooked by the chef.

Key Principle: Only transitive verbs (verbs that take an object) can be changed from active to passive
voice.

O e O e

Rules for Converting Active to Passive Voice

The object of the active verb becomes the subject of the passive verb.

The subject of the active verb becomes the agent in the passive sentence, usually introduced by the

preposition "by." The agent can be omitted if it is unknown or unimportant.

The main verb is changed into its past participle form (V3).

4. An appropriate helping verb (a form of 'be' or modals) is added, which must agree with the new subject
in number and person.

W

Tense-wise Conversion Charts

1. Present Indefinite Tense
e Active Structure: Subject + V1(s/es) + Object
Passive Structure: Subject + is/am/are + V3 + by + Agent

Active Voice Passive Voice
She writes a letter. A letter is written by her.
They do not play hockey. Hockey is not played by them.
Does he respect his teachers? Are his teachers respected by him?

2. Present Continuous Tense
e Active Structure: Subject + is/am/are + V-ing + Object
e Passive Structure: Subject + is/am/are + being + V3 + by + Agent

Active Voice Passive Voice
I am reading a book. A book is being read by me.
Why are you blaming me? Why am I being blamed by you?

3. Present Perfect Tense
e Active Structure: Subject + has/have + V3 + Object
Passive Structure: Subject + has/have + been + V3 + by + Agent

Active Voice Passive Voice

The police have caught the thief. The thief has been caught by the police.
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Example: The new policy was implemented in January.
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In scientific or formal writing, to maintain an objective tone.

Example: The solution was heated to 100°C.
To be tactful and not place blame.
Example: A mistake was made in the report.

Practice MCQs

Given the active voice sentence: "They are
building a new suspension bridge over the
river." Which passive voice
transformation is correct?

(a) A new suspension bridge is built over the
river by them.

(b) A new suspension bridge was being built
over the river by them.

(c) A new suspension bridge is being built
over the river by them.

(d) A new suspension bridge has been built
over the river by them.

Answer: (c) A new suspension bridge is
being built over the river by them.
""Someone has stolen my confidential files
from the server." The most appropriate
passive voice is:

(a) My confidential files were stolen from the
server by someone.

(b) My confidential files have been stolen
from the server.

(c) Someone has been stolen my confidential
files from the server.

(d) My confidential files are stolen from the
server by someone.

Answer: (b) My confidential files have
been stolen from the server.

The active sentence "The board of
directors will have made a decision by the
next quarter" becomes in the passive:

(a) A decision will be made by the board of
directors by the next quarter.

(b) A decision will have been made by the
board of directors by the next quarter.

(c) A decision is being made by the board of
directors by the next quarter.

(d) A decision had been made by the board of
directors by the next quarter.

Answer: (b) A decision will have been
made by the board of directors by the next
quarter.
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4. Identify the correct passive form for the

modal perfect: "You should have handled
that sensitive matter with more
discretion."

(a) That sensitive matter should be handled
with more discretion by you.

(b) That sensitive matter should have been
handled with more discretion by you.

(c) That sensitive matter had been handled
with more discretion by you.

(d) That sensitive matter was handled with
more discretion by you.

Answer: (b) That sensitive matter should
have been handled with more discretion by
you.

The imperative sentence '""Do not reveal
the secret under any circumstances' is
best transformed into the passive as:

(a) The secret was not revealed under any
circumstances.

(b) Let the secret not be revealed under any
circumstances.

(c) You are ordered not to reveal the secret
under any circumstances.

(d) The secret should not be revealed under
any circumstances.

Answer: (b) Let the secret not be revealed
under any circumstances.

Which of the following sentences cannot be
converted into a passive voice form?

(a) She sleeps peacefully.

(b) The chef prepared a magnificent feast.
(c) Someone rang the doorbell.

(d) They are discussing the merger.
Answer: (a) She sleeps

peacefully. (Intransitive verb 'sleeps' has no
object)

Choose the correct passive voice for the
sentence with a double object: "The
committee awarded him the 'Researcher of
the Year' prize."

(a) He was awarded the 'Researcher of the
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Chapter 10

Direct and Indirect Narration

1. Introduction
Speech or narration can be reported in two ways:

1. Direct Narration: We quote the exact words of the speaker, enclosed within quotation marks.

o Example: He said, "I am busy."

2. Indirect Narration: We report the substance of what the speaker said without using their exact words.
Quotation marks are not used.

o Example: He said that he was busy.

Reporting Speech: The part outside the quotation marks (e.g., He said).

¢ Reported Speech: The part inside the quotation marks (e.g., "I am busy.").

mmh
o

~ L

Essential Pronoun Changes
Pronouns in the reported speech change to maintain the perspective of the reporter. The following table
1s crucial for understanding these changes:

First Person (I, we) changes according to the subject of the reporting verb.
. Second Person (you) changes according to the object of the reporting verb.
3. Third Person (he, she, it, they) generally remains unchanged.

N —

Changes in Tenses

The tense of the reported speech often changes when the reporting verb is in the past tense.

Rule 1: Reporting Verb in Past Tense

If the reporting verb (e.g., said, told) is in the past tense, the verb in the reported speech changes as

o

1

g

(9]

=k

2

P Subject (Nominative) Object (Accusative) Possessive Reflexive a
. |

R I Me My / Mine Myself - |
E We Us Our / Ours Ourselves %.
You You Your / Yours Yourself / Yourselves 2

P He Him His Himself 'z'l
A She Her Her / Hers Herself a V]
q

It It Its Itself -

R 3
A They Them Their / Theirs Themselves g
T Rules: g

follows:
Direct Speech (Tense) Indirect Speech (Tense)
Present Indefinite Past Indefinite
Present Continuous Past Continuous
Present Perfect Past Perfect
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He said, "Congratulations!"

He congratulated me.

She said, "Good morning."

She wished me good morning.

He said, "Curse this rain!"

He cursed the rain.

My friend said, "Goodbye."

My friend bade me goodbye.

Practice MCQs — Direct and Indirect Narration

1."By God," he exclaimed, "I have never
seen such a magnificent sight in my life."
a) He exclaimed by God that he had never
seen such a magnificent sight in his life.
b) He swore by God that he has never seen
such a magnificent sight in his life.

¢) He exclaimed and swore that he had never
seen such a magnificent sight in his life.

d) He swore by God that he had never seen
such a magnificent sight in his life.
Answer: d) He swore by God that he had
never seen such a magnificent sight in his
life.

2. "If you had told me about your
predicament, I would have helped you,"
she said to him.

a) She told him that if he had told her about
his predicament, she would have helped him.
b) She told him that if he told her about his
predicament, she would have helped him.

¢) She told him that if he had told her about
his predicament, she would help him.

d) She said to him that if he told her about his
predicament, she would have helped him.
Answer: a) She told him that if he had told
her about his predicament, she would have
helped him.
3. The philosopher said, "Man is mortal,
but his ideas can be immortal."

a) The philosopher said that man is mortal,
but his ideas can be immortal.
b) The philosopher said that man was mortal,
but his ideas could be immortal.

¢) The philosopher said that man is mortal,
but his ideas could be immortal.

d) The philosopher said that man was mortal,
but his ideas can be immortal.
Answer: a) The philosopher said that man
is mortal, but his ideas can be immortal.
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4. "Please, please don't leave me alone
here," the child cried to his mother.

a) The child pleaded to his mother not to
leave him alone there.

b) The child cried and pleaded his mother not
to leave him alone there.

c¢) The child earnestly pleaded with his
mother not to leave him alone there.

d) The child told his mother to not leave him
alone there.

Answer: ¢) The child earnestly pleaded
with his mother not to leave him alone
there.

5. "Fool!" she shouted at the man, "You
have ruined everything."

a) She shouted at the man that he was a fool
and had ruined everything.

b) She called the man a fool and shouted that
he had ruined everything.

¢) She exclaimed that he was a fool and had
ruined everything.

d) She called him a fool and said that he has
ruined everything.

Answer: b) She called the man a fool and
shouted that he had ruined everything.

6. He said, ""Let's wait here till the rain
stops."

a) He said that we should wait here till the
rain stopped.

b) He suggested that they should wait there
till the rain stopped.

¢) He proposed that they should wait there till
the rain stops.

d) He suggested that we wait here until the
rain stopped.

Answer: b) He suggested that they should
wait there till the rain stopped.

7. "1 must go to the bank tomorrow," she
said, "as I have no cash left."
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Chapter 11

and natural English.

Idioms:

Idioms and Phrasal Verbs

Introduction to Idioms and Phrasal Verbs
Idiom: A group of words established by usage as having a meaning not deducible from the individual words
(e.g., rain cats and dogs). They add color and depth to the language.
Phrasal Verb: A verb combined with a preposition or an adverb (or both) to create a new verbal phrase
with a meaning different from the original verb (e.g., give up, look into). They are fundamental to fluent

English Meaning

Urdu

Meaning

Example

Don't worry, the deal was

Above board Honest and open. SibSlodS ALzl
completely above board.
e S S When he offered to double
To smell a rat To suspect foul dealings. 44 my investment, I began to
smell a rat.
) _ ‘J“"u’[ ' JU/ The report threw dust in the
To throw dust in To deceive or mislead o, )
SPdbE ) public's eyes about the true
someone's eyes someone. : _
(.» | environmental impact.
: = . | He gave a false coloring to
To give a false To misrepresent 5 blo% L 2k g . 8
) the events to make himself
coloring something. g _
look like a hero.
To play fast and | To behave in an unreliable s/ UC 4" | You can't trust him; he plays
loose and insincere way. v/"| fast and loose with the truth.
) ) The company was accused of
Dishonest business w . o
Sharp practices ) SlaaSAf sharp practices to eliminate
dealings. ..
competition.
s ¢ | She shed crocodile tears at
Pretended or insincere o’ ’wa/( o
Crocodile tears .. his dismissal, though she had
SOITOW. T s

advocated for it.

A wolf in sheep's

clothing

A person who appears

harmless but is actually

dangerous.

Fles £
Je

Be careful of him; he's a wolf

in sheep's clothing.
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Hit the nail on To be exactly right about UH/://:Jg \ | You hit the nail on the head

the head something. when you said the problem was
a lack of communication.

Once in a blue Very rarely. [ $iert | He only visits his hometown

moon once in a blue moon.

The ball is in It is your turn to make a £ l,ib’«lﬂ,lﬂ,é I've made my offer; now the

your court decision or take action. §—d: ball is in your court.

When pigs fly Something that will never g)’?u:i; uﬁf He'll clean his room when pigs
happen. fly!

A blessing in (Repeated for emphasis) A =F e | Getting laid off was a blessing

disguise good thing that seemed bad in disguise, as it pushed me to

initially.

start my own business.

Break the ice

To do or say something to

s :L'/'//»Cj';

He told a joke to break the ice

relieve tension or get ¢ /(JQTK&.;?, at the start of the meeting.
conversation started.

Face the music To accept the unpleasant .i? KJ"; &/ | It's time to face the music and
consequences of one's actions. (% | admit you were wrong.

A red herring Something that misleads or At >¥ | The detective realized the clue
distracts from the important was a red herring meant to
issue. mislead the investigation.

Phrasal Verbs:
Phrasal Urdu
English Meaning Example
Verb Meaning

Account To explain the reason for. b/ UFeslos | Can you account for the missing

for funds?

Add up To make sense; seem %28 | His story just doesn't add up.

consistent.

Ask after | To inquire about someone's uﬁaztﬁtff She asked after you when I saw her.

health or well-being. ST

Back To withdraw a claim or Ui e =l | He refused to back down from the

down demand. argument.
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Turn up To arrive; to increase volume; w7 J;,T:u@@” He finally turned up an hour late.
to be found. b | Turn up the heat. My keys turned up
in the drawer.
mmh
Watch out | To be careful. A2 | Watch out for the step! [
s ™ ™ | |
Wear off | To gradually disappear. Vle')’f(; ~1>41 | The painkiller's effect began to wear
off.
M Work out | To exercise; to be successful; .',l“,»b/:t/ U2 | 1work out at the gym. I hope E
to calculate. ./ Fs | everything works out for you. Can a'
K you work out the total cost? 5
%]
Practice MCQs — Idioms and Phrasal Verbs V)
1. He decided to bite the bullet and finally C. Caused to happen - |
P confront his boss about the promotion. D. Criticized Q
A. Avoid the issue Answer: C
R B. Prepare carefully 6. His explanation for the missing funds 3
C. Face a painful situation bravely doesn't add up. E
E D. Resign from the job A. Make sense V]
Answer: C B. Seem honest (7
P 2. Her extravagant plans to build a C. Appear complete 2
castle went up in smoke when the investors D. Sound convincing —
A backed out. Answer: A <
A. Were highly praised 7. She's always blowing her own 0
B. Were partially successful trumpet about her academic achievements. ~
R C. Ended in complete failure A. Being modest (=3
D. Were postponed indefinitely B. Boasting “
A Answer: C C. Criticizing others
3. The detective smelled a rat when the D. Working hard
T witness changed his story for the third time. Answer: B
A. Became angry 8. The negotiations broke down when neither
I B. Suspected deception side would compromise.
C. Found evidence A. Succeeded
O D. Felt nauseous B. Concluded
Answer: B C. Failed
4. After the scandal, the company had to face D. Accelerated
N the music from regulatory authorities. Answer: C
A. Enjoy success 9. His sudden resignation came as a bolt from
S B. Accept consequences the blue for everyone in the office.
C. Avoid punishment A. Expected event
D. Celebrate victory B. Complete surprise
Answer: B C. Regular occurrence
5. The new manager brought about significant D. Minor incident
changes in the organizational structure. Answer: B
A. Prevented 10. We need to cut corners to complete the
B. Delayed project within the limited budget.

17 | 18
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Chapter 12

Synonyms and Antonyms

¢ Synonyms are words or phrases that have the same or nearly the same meaning as another word or phrase
in the same language. For example, "happy" and "joyful" are synonyms. Knowing synonyms helps in
understanding nuanced meanings and improves writing style.

e Antonyms are words that have the exact opposite meaning of another word. For example, "hot" is the
antonym of "cold." A strong grasp of antonyms is crucial for understanding contrast and constructing
balanced arguments.

mmh
N

Urdu

Meani Synonyms Sentence wv
|\ /] eaning <
) o _ The storm finally began =
K L-‘j . Subside, Diminish, | Intensity, Increase, _ (o)
Abate ‘W( to abate after raging for =~
Decrease, Lessen Augment, Escalate
hours. <K
Normality, . 5
P Anomaly, . His poor performance was n
. ST o Regularity, .
Aberration =) "Ly’ Deviation, an aberration from his usual )
R . .- Standard, I - |
rregularity, 1t excellence.
E s Y Y Conformity Q
Abh R e Despise, Detest, Admire, Adore, She abhors any form of ;
or
P S Loathe, Hate Cherish, Love cruelty towards animals. =k
A S /.;,. The publisher released g
] 4 Shorten, Condense, | Elongate, Expand, .
Abridge . ) . i an abridged version of the <
R b ol Abbreviate, Curtail | Amplify, Extend ' 5
classic novel for students. -
s The divorce proceedings
A _ _ -7 "/‘é Bitter, Caustic, Harmonious, Kind,
Acrimonious . : : were acrimonious and
T I 4 | Hostile, Sarcastic Gentle, Amicable
lengthy.
I Reprimand, . The teacher had
. S . Praise, Commend,
Admonish b a1 Rebuke, Chide, to admonish the student for
O Applaud, Encourage o
Warn talking in class.
N Hardship, _ N )
) J{ﬁ' _ Prosperity, Fortune, | She showed great resilience in
Adversity «=* | Misfortune,
S _ _ Success, Affluence | the face of adversity.
Distress, Difficulty
o Aggravate, Worsen,
(l T/ ( Mitigate, Relieve, This medicine will
Alleviate . Exacerbate, .
L% | Assuage, Ease . help alleviate the pain.
Intensity
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Urdu

Meaning

Synonyms

Antonyms

Sentence

i ?f e ) Careless, Slapdash, | He is fastidious about his
o 2«0 <N | Meticulous, Fussy, . .
Fastidious - . . ] Undemanding, appearance, spending hours
U2 Picky, Painstaking . )
) Negligent choosing an outfit.
Facetious, _ The student's flippant remark
) . ) _ Serious, Respectful, o _
Flippant €lost Disrespectful, Glib, about the principal earned him
) Solemn, Earnest )
Frivolous a detention.
Sociable. O ' Unsociable, She b
C ociable, Outgoing, e has
. JFAH o some Reclusive, .
Gregarious Convivial, a gregarious personality and
04 . Introverted, . )
Companionable makes friends easily.
Reserved
_ ) Honesty, Candor, _ _ -
_ . | Cunning, Deceit, ; He achieved his position more
Guile €25/ . Guilelessness, o
Trickery, Slyness ! by guile than by intelligence.
Forthrightness
P The company has a strict polic
B Pester, Persecute, Assist, Comfort, ’ pany PoTiey
Harass . against any form
o U4 | Bother, Torment Soothe, Support
of harassment.
_ The nobleman gave
. Arrogant, Conceited, | Humble, Modest,
Haughty P A _ o : a haughty look to the
Snobbish, Disdainful | Meek, Unassuming
commoners.
) U7 | Pleasure-seeker, Ascetic, Puritan, As a hedonist, his only goal in
Hedonist ; \ [ .
43 Sensualist, Sybarite Abstainer life was to pursue pleasure.
. ol Vulnerable,
s b mpenetrable,
. ESWAT: . Permeable, He seemed impervious to the
Impervious . Resistant, ] o ] )
EXy b4V Susceptible, criticism leveled against him.
Unaffected, Immune '
Receptive
. Intermittent, The incessant noise from the
y JJ/ Ceaseless, Unending, ) o )
Incessant yaiL Occasional, construction site made it hard
Constant, Perpetual )
Sporadic to concentrate.
. . | Stormy, Severe, Mild, Calm, Due to inclement weather, the
Inclement Ko7

Rough, Harsh

Pleasant, Balmy

outdoor event was canceled.
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Practice MCQs

1. What is the synonym of "NOVEL" (as an
adjective)?

A) Traditional

B) Hazardous

C) New

D) Complicated

Answer: C) New

2. What is the synonym of "IMPERVIOUS"?
A) Vulnerable

B) Resistant

C) Sensitive

D) Susceptible

Answer: B) Resistant

3. What is the synonym of "SCRUTINIZE"?
A) Ignore

B) Skim

C) Examine

D) Overlook

Answer: C) Examine

4. What is the synonym of "INGENIOUS"?
A) Uninspired

B) Dull

C) Clever

D) Simple

Answer: C) Clever

5. What is the synonym of "SAGACIOUS"?
A) Foolish

B) Redundant

C) Wise

D) Obtuse

Answer: C) Wise

6. What is the synonym of
"MAGNANIMOUS"?

A) Petty

B) Spiteful

C) Vindictive

D) Generous

Answer: D) Generous

7. What is the synonym of "INNATE"?

A) Acquired

B) Extrinsic

C) Learned

D) Inborn

Answer: D) Inborn

8. What is the synonym of "OBFUSCATE"?
A) Elucidate

B) Clarify

C) Confuse

MK PREPARATIONS: Let’s Make It Happen
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D) Explain

Answer: C) Confuse

9. What is the synonym of "FASTIDIOUS"?
A) Negligent

B) Sloppy

C) Meticulous

D) Careless

Answer: C) Meticulous

10. What is the synonym of "TRANSIENT"?
A) Permanent

B) Enduring

C) Temporary

D) Perpetual

Answer: C) Temporary

11. She was the victim of a MALICIOUS
rumor.

A) Benevolent

B) Compassionate

C) Spiteful

D) Kind

Answer: C) Spiteful

12. The government implemented a policy of
fiscal AUSTERITY.

A) Luxury

B) Frugality

C) Indulgence

D) Opulence

Answer: B) Frugality

13. A prolonged illness can DEBILITATE
even a strong person.

A) Strengthen

B) Invigorate

C) Weaken

D) Fortify

Answer: C) Weaken

14. The divorce proceedings were
ACRIMONIOUS and lengthy.

A) Harmonious

B) Amicable

C) Bitter

D) Gentle

Answer: C) Bitter

15. The weather in the mountains is
notoriously CAPRICIOUS.

A) Predictable

B) Steadfast

C) Fickle
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Antonyms Practice MCQs

1. What is the antonym of ICONOCLAST?
A. Rebel

B. Conformist

C. Maverick

D. Radical

Answer: B. Conformist

2. What is the antonym of IDIOSYNCRASY?

A. Quirk

B. Normality

C. Eccentricity

D. Peculiarity

Answer: B. Normality

3. What is the antonym of IMPETUOUS?
A. Rash

B. Hasty

C. Cautious

D. Reckless

Answer: C. Cautious

4. What is the antonym of IMPUTE?
A. Ascribe

B. Absolve

C. Attribute

D. Credit

Answer: B. Absolve

5. What is the antonym of INADVERTENT?
A. Accidental

B. Deliberate

C. Unintentional

D. Unwitting

Answer: B. Deliberate

6. What is the antonym of INCIPIENT?
A. Nascent

B. Full-blown

C. Emerging

D. Developing

Answer: B. Full-blown

7. What is the antonym of
INCONTROVERTIBLE?
A. Indisputable

B. Debatable

C. Certain

D. Irrefutable

Answer: B. Debatable

8. What is the antonym of
INDEFATIGABLE?

A. Tireless

B. Lethargic

C. Unflagging

MK PREPARATIONS: Let’s Make It Happen
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D. Dogged

Answer: B. Lethargic

9. What is the antonym of INDOLENT?
A. Lazy

B. Industrious

C. Slothful

D. Idle

Answer: B. Industrious

10. What is the antonym of INEPT?

A. Incompetent

B. Competent

C. Clumsy

D. Bungling

Answer: B. Competent

11. What is the antonym of INFALLIBLE?
A. Unerring

B. Fallible

C. Perfect

D. Flawless

Answer: B. Fallible

12. What is the antonym of INGENIOUS?
A. Clever

B. Dull

C. Inventive

D. Brilliant

Answer: B. Dull

13. What is the antonym of INNOCUOUS?
A. Harmless

B. Harmful

C. Safe

D. Inoffensive

Answer: B. Harmful

14. What is the antonym of INSULAR?
A. Narrow-minded

B. Cosmopolitan

C. Provincial

D. Parochial

Answer: B. Cosmopolitan

15. What is the antonym of INTREPID?
A. Fearless

B. Timid

C. Courageous

D. Dauntless

Answer: B. Timid

16. What is the antonym of INTRINSIC?
A. Inherent

B. Extrinsic

C. Fundamental

Page 15|16

"Z1

(%]
<
S
o
3
<
3
“
y
S
Q
>
S
=
o
3
<
3
“




\/

4

‘ <
B
PUBLICATIONS

LET’S MAKE IT HAPPEN

A,

PART 3: PEEDAGOGY

£y

Join Us For All Jobs Preparation

J) +92 333 2605045, +92 342 4470091
@ https://www.instagram.com/mkpreparations
u https://youtube.com/@mkpreparations
" https://www.facebook.com/MkPreparations
0 https://www.tiktok.com/@mkpreparations



L MK PREPARATIONS) . =

Chapter 1

~ L

nZO—~-Hp»p» AP UMmMmAT

Teaching Techniques and Methodologies

1. Introduction to Teaching: Concept, Nature, and Evolution

Definition of Teaching:

Teaching is a deliberate, interactive, and planned process implemented by an educator to facilitate learning.
It involves the systematic transmission and facilitation of knowledge (cognitive skills), practical abilities
(psychomotor skills), and values or attitudes (affective skills) within a structured educational context. A
refined definition characterizes teaching as the process of preparing students for learning by providing an
initial structure, clarifying intended outcomes, indicating effective learning strategies, creating
opportunities for practice and application, and delivering improvement-oriented feedback.

The Nature and Evolution of Teaching:

e Teaching as a Mutual Exchange: It is not a one-way transmission but a dynamic interaction
involving the mutual exchange of experiences and information between the teacher and the
students.

e Teaching as a Provocative Activity: Its purpose is to stimulate and provoke academic, mental,
and personal development in learners.

o Shift from Traditional to Modern Role:

o Traditional (Teacher-Centered) Role: The teacher was viewed as the primary source or
"fountainhead" of knowledge. The focus was on the dissemination of information through
methods like lecturing ("chalk-and-talk"), and students were passive recipients.

o Modern (Student-Centered) Role: The teacher acts as a facilitator, guide, and co-learner.
The focus shifts to creating environments where students can discover, construct, and
collaborate on knowledge. This approach caters to individual differences and uses methods
like group work, experiments, and research-based learning.

The Process of Learning and Teaching:

e Students possess unique ways of understanding, processing, and demonstrating knowledge, and
they learn at their own pace.

e Teachers must be diagnosticians of learning, considering students' background knowledge, the
learning environment, and educational goals when selecting appropriate teaching methods.

e A wide spectrum of methods exists, ranging from traditional (explaining, questioning) to modern
(role-play, seminars, case studies, technology-integrated learning).

2. The Roles and Characteristics of an Effective Teacher

An effective teacher seamlessly transitions between multiple roles, embodying a blend of personal and
professional qualities.

The Five Major Roles of a Teacher:

1. Subject Matter Expert: Possesses deep, extensive, and current knowledge of the subject, going
beyond textbooks to develop original thoughts and a genuine passion for the discipline.

2. Pedagogical Expert: Sets clear, achievable learning goals; demonstrates a positive attitude; helps
students overcome learning difficulties; guides critical thinking and problem-solving; and provides
fair and constructive evaluation.

Page 1] 22
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Teaching Techniques & Methodologies: One - Liners

1. Introduction to Teaching

1.
2.

0 0~

Teaching is a deliberate, interactive, and planned process to facilitate learning.

It involves the systematic transmission of knowledge (cognitive), practical abilities
(psychomotor), and values (affective).

Teaching prepares students for learning by providing an initial structure and clarifying intended
outcomes.

The nature of teaching is a mutual exchange of experiences between teacher and students.
Teaching is a provocative activity aimed at stimulating academic, mental, and personal
development.

The traditional role of a teacher is as the primary source or "fountainhead" of knowledge.

The modern role of a teacher is as a facilitator, guide, and co-learner.

The traditional method focuses on "chalk-and-talk" lecturing with students as passive recipients.
The modern method focuses on creating environments for students to discover, construct, and
collaborate on knowledge.

. Teachers must be diagnosticians of learning, considering students' background knowledge and the

learning environment.

2. Roles and Characteristics of an Effective Teacher

11.

12.

13.
14.
15.

16.

17.
18.
19.
20.
21.

22.
23.
24.
25.
26.
27.
28.

The five major roles of a teacher are Subject Matter Expert, Pedagogical Expert, Excellent
Communicator, Student-Centered Mentor, and Systematic Assessor.

A Subject Matter Expert possesses deep, current knowledge and a genuine passion for the
discipline.

A Pedagogical Expert sets clear learning goals and guides critical thinking and problem-solving.
An Excellent Communicator helps students develop their own communication competencies.

A Student-Centered Mentor encourages learning through varied methods and promotes active
participation.

A Systematic and Continual Assessor evaluates student outcomes and their own teaching
effectiveness.

Personal qualities of an effective teacher include fairness, positive attitude, and preparedness.
Fairness means treating all students justly and equitably without favoritism.

A positive attitude involves believing in student success and using meaningful verbal praise.
Preparedness in subject matter and lessons allows for better management of behavioral matters.
Personal touch involves connecting with students by using their names and showing genuine
interest.

A sense of humor is used to break the ice, reduce anxiety, and make learning enjoyable.
Creativity involves using unusual and innovative methods to motivate students.

Willingness to admit mistakes models humility, integrity, and a growth mindset for students.

A forgiving nature means moving forward from student misbehavior without holding grudges.
Respect is given to students to earn it in return, handling situations with sensitivity.

High expectations involve setting challenging yet realistic academic and behavioral standards.
Compassion involves caring for students' emotional well-being and reducing the impact of hurt
feelings.
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Practice MCQ

1. What is the primary focus of the modern,
student-centered role of a teacher?

A) Disseminating information through lectures
B) Acting as the fountainhead of knowledge
C) Facilitating knowledge discovery and
collaboration

D) Ensuring passive reception of knowledge
Answer: Facilitating knowledge discovery
and collaboration

2. Which of the following is NOT a key role of
a teacher?

A) Subject Matter Expert

B) Financial Advisor

C) Pedagogical Expert

D) Systematic Assessor

Answer: Financial Advisor

3. Vygotsky's Zone of Proximal Development
(ZPD) is defined as the difference between
what a learner can do:

A) With and without technology

B) In a group and individually

C) Without help and with guidance from a
skilled partner

D) At home and at school

Answer: Without help and with guidance
from a skilled partner

4. Which teaching technique involves learning
through observation, retention, and
replication of demonstrated behavior?

A) Brainstorming

B) Modeling

C) Lecturing

D) Collaborating

Answer: Modeling

5. The constructivist approach to learning
emphasizes that knowledge is:

A) Passively received from the teacher

B) Actively constructed by the learner

C) Only acquired through memorization

D) Solely dependent on textbook content
Answer: Actively constructed by the learner

6. Which of the following is a personal quality
of an effective teacher?

A) Collaboration with colleagues

B) High expectations for students

C) Commitment to lifelong learning

D) Emotional maturity

Answer: High expectations for students

7. What is the most critical factor in time
management that is directly linked to student
achievement?

A) Allocated Time

B) Engaged Time

C) Academic Learning Time

D) Break Time

Answer: Academic Learning Time

8. The 'Inquiry' approach to teaching
effectiveness is determined by:

A) The teacher's display of warmth and
enthusiasm

B) Student results on standardized tests

C) The quality of the teacher's reflection on their
style and student outcomes

D) The number of research-based techniques
used

Answer: The quality of the teacher's
reflection on their style and student outcomes
9. Which co-teaching strategy involves two
teachers teaching the same content to two
equal groups of students simultaneously?
A) One Teach/One Assist

B) Station Teaching

C) Parallel Teaching

D) Alternative Teaching

Answer: Parallel Teaching

10. A key element of Cooperative Learning
that ensures no one "hitches a free ride" is:
A) Positive Interdependence

B) Face-to-Face Interaction

C) Individual Accountability

D) Group Processing

Answer: Individual Accountability
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Classroom Management and Discipline

1. Definition, Concept, and Importance of Classroom Management

Definition:

Classroom Management is a broad, multi-dimensional process encompassing all the strategies, methods,
and practices a teacher employs to establish and maintain a supportive, orderly, predictable, and
productive learning environment. It is not merely about controlling student behavior but about
systematically creating conditions where both teaching and learning can flourish efficiently.

Key Definitions from Theorists:

Importance of Classroom Management:
Effective classroom management is a critical indicator of student success and teacher efficacy. Its
importance is multifaceted:

2. Goals, Components, and Dimensions of Classroom Management

Wong (2004): Defines it as the practices and processes a teacher uses to uphold an environment
where instruction and learning can occur smoothly.

Mallory (2008): Describes it as a multifaceted process that depends on an engaging curriculum,
student responsibility, effective instruction, and management skills for conflict resolution.
Brophy & Good: Emphasize that it is broader than student discipline, including all things
teachers do to foster student involvement, cooperation, and a productive working environment.

Maximizes Learning Time: A well-managed classroom minimizes disruptions and time spent on
disciplining, allowing maximum time to be allocated to instructional activities.

Creates a Positive and Safe Atmosphere: It fosters an environment where students feel
physically and emotionally safe, respected, and comfortable to take intellectual risks, ask
questions, and participate actively.

Enhances Student Engagement: Through structured routines and engaging activities, it helps
keep students on-task, focused, and involved in the learning process.

Improves Academic Achievement: Consistent routines, clear expectations, and a focused
environment directly contribute to higher student test scores and overall academic performance.
Promotes Student Self-Control and Responsibility: The ultimate aim is to encourage and
establish student self-control through the promotion of positive behavior and academic
achievement.

Reduces Teacher Stress: A predictable and orderly classroom environment makes teaching more
enjoyable and sustainable, reducing frustration and burnout.
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N A. Goals of Classroom Management:

S

Better Teaching: Goals force teachers to plan lessons carefully, ensuring a deep understanding of
the curriculum and appropriate pacing for all students.

Student Focus: Clear goals provide students with a clear picture of what is expected, helping
them focus their attention and efforts.

Teacher Goal-Setting as a Model: Teachers modeling goal-setting behavior teach students how
to set and achieve their own objectives.

Student Motivation: Well-defined and achievable goals motivate students toward higher
academic achievement.
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Classroom Management and Discipline: One-Liners
1. Definition, Concept, and Importance of Classroom Management
1. Classroom Management is a multi-dimensional process to establish a supportive, orderly, and
productive learning environment.
2. According to Wong (2004), it is the practices to uphold an environment where instruction and
learning occur smoothly.
3. Mallory (2008) describes it as a multifaceted process dependent on an engaging curriculum and
effective instruction.
Brophy & Good emphasize that it is broader than discipline, fostering student involvement and

cooperation.
Effective classroom management maximizes learning time by minimizing disruptions.

~ L

It creates a positive and safe atmosphere for students to take intellectual risks.
It enhances student engagement through structured routines and engaging activities.
It directly improves academic achievement and student test scores.
A key aim is to promote student self-control and responsibility.
10 It reduces teacher stress and prevents burnout.
2. Goals, Components, and Dimensions of Classroom Management

© 0N o

11. A goal of classroom management is better teaching through careful lesson planning.

12. Clear goals provide student focus by clarifying expectations.

13. Teacher goal-setting acts as a model for students to set their own objectives.

14. Well-defined goals motivate students toward higher academic achievement.

15. A key operational component is classroom design, the intentional physical arrangement.
16. Establishing rules and procedures is crucial for a functional classroom.

17. Discipline with consistency involves implementing fair and firm consequences.

18. Effective scheduling and time management keeps the class on task.

19. Teacher organizational skills set a good example and prevent wasted time.

20. Effective instructional techniques are tailored to the grade level and subject.

21. Clear and constant communication with students and parents is essential.

22. Establishing learning goals at the start of a lesson provides direction.

23. Structuring predictable classroom routines creates order and security.

24. Encouragement and praise should be emphasized over punishing negative behavior.
25. Froyen and Iverson (1999) identified three components: Content, Conduct, and Covenant
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Management.
26. Content Management refers to the management of the instructional process.
27. Conduct Management focuses on managing student behavior and setting expectations.
28. Covenant Management involves creating shared expectations for a cooperative community.
29. The A-C-T-S model outlines four dimensions of classroom management.
30. The Activity dimension states that learning activities are directly linked to outcomes.
31. The Climate dimension is the emotional and psychological atmosphere of the classroom.
32. The Time dimension involves the effective devotion of time to learning tasks.
33. The Space dimension is the strategic use of the physical classroom.

nZO—~-Hp»p» AP UMmMmAT

3. The Physical Environment and Seating Arrangements
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149. Gross Enrollment Rate (GER) is total enrolled divided by school-age population, multiplied by

100.

150. Net Enrollment Rate (NER) is total enrolled and retained divided by school-age population,

multiplied by 100.

151. NER is always lower than GER as it accounts for dropouts.

152. Bullying is where a person or group uses power to target and harm another individual.

153. The three roles in bullying are the Victim, the Bully, and the Crew (Bystanders).

154. Direct Bullying involves verbal and physical aggression.

155. Indirect Bullying involves social exclusion and rumors.

156. Flanders' Interaction Analysis Category System (FIACS) classifies verbal behavior in the

classroom.

157. FIACS has ten categories: seven for Teacher Talk, two for Pupil Talk, and one for

Silence/Confusion.

158. According to Kratochwill (2011), a "Do" in classroom management is to create interest.
159. A "Don't" according to Kratochwill is to use vague or unenforceable rules.

Practice MCQs

1. According to Harry Wong (2004),
classroom management is defined as:

A) The process of controlling student behavior
through rules and consequences.

B) The practices and processes a teacher uses to
uphold an environment where instruction and
learning can occur smoothly.

C) A system for fostering student creativity and
independent thought.

D) The administrative duties a teacher performs
to maintain classroom order.

Answer: The practices and processes a
teacher uses to uphold an environment where
instruction and learning can occur smoothly.
2. Which of the following is NOT cited as a
key importance of effective classroom
management?

A) Maximizes learning time

B) Creates a positive and safe atmosphere

C) Guarantees all students will achieve high
grades

D) Reduces teacher stress

Answer: Guarantees all students will achieve
high grades

3. According to Froyen and Iverson (1999),
which component involves managing the
instructional process?

A) Conduct Management

B) Content Management

C) Covenant Management

D) Curriculum Management

Answer: Content Management

4. The A-C-T-S model of classroom
management dimensions includes all
EXCEPT:

A) Activity

B) Climate

C) Time

D) Strategy

Answer: Strategy

5. What is the standard space requirement
per student in an Elementary school
classroom?

A) 0.6 m?

B) 1.0 m?

C) 1.2 m?

D)1.5m?

Answer: 0.6 m*
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Chapter 3
Testing, Measurement, Assessment and Evaluation

1. Introduction to the Core Concepts
The process of understanding and judging student learning is built upon four fundamental, sequential
concepts: Test, Measurement, Assessment, and Evaluation. These terms are often used interchangeably but
have distinct, hierarchical meanings and scopes.

e Scope: Test (Least in scope) — Measurement — Assessment — Evaluation (Broadest in scope).
A. Test

e Definition: A test is a formal and systematic instrument or procedure used to measure a sample of

~ L

an individual's behavior, knowledge, skills, or abilities. It consists of a set of questions or tasks that
require an answer orally, in writing, or through performance.

e Purpose: To elicit a response that can be quantified and interpreted.

e Example: A final exam in mathematics, a driving test, a personality inventory.

e It answers the question: ""How well?" does the individual perform on this specific set of tasks.

B. Measurement

e Definition: Measurement is the process of obtaining a numerical description of the degree to
which an individual possesses a particular characteristic. It is the quantification or scoring of the
test.

e Purpose: To assign a number (a score) to the performance observed in the test.

e Nature: It is quantitative and objective but does not, by itself, include qualitative judgments.

e Example: "Rafaih solved 23 arithmetic problems out of 40." or "Sara scored 85 marks out of 100."

o It answers the question: "How much?"

¢ Final Product: The final product of measurement is a Score.

C. Assessment

o Definition: Assessment is a broader process that includes measurement. It is the process of
gathering, recording, interpreting, using, and communicating information about a learner’s progress
and achievement. It involves giving meaning to the measured scores.

e Purpose: To understand what the measurement data means in the context of learning.

e Nature: It is an ongoing, dynamic process that includes both formal (tests) and informal
(observations, questioning, portfolios) methods. The term derives from the Latin ‘assidere’,
meaning 'to sit beside’, indicating a supportive, non-threatening partnership between teacher and
student.

o« Example: Assessing a student's English proficiency not just through a written test score, but also
through an oral quiz, a presentation, and class participation.

nZO—~-Hp»p» AP UMmMmAT

e It answers the question: ""What does the performance mean?"
D. Evaluation
e Definition: Evaluation is the most comprehensive term. It involves making a value
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judgment about the desirability, quality, or worth of the measured and assessed performance

against a set of standards, objectives, or criteria.
e Purpose: To make decisions and judgments about the quality of educational outcomes, processes,
or individuals.
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One Liner Statements — Testing, Measurement, Assessment and Evaluation

Educational Testing, Measurement, and Evaluation
1. Introduction to Core Concepts

1.
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The four fundamental, sequential concepts are Test, Measurement, Assessment, and
Evaluation.

The scope of these concepts ranges from Test (least scope) to Evaluation (broadest scope).

A Test is a formal, systematic instrument to measure a sample of behavior, knowledge, or skills.
The purpose of a test is to elicit a quantifiable response.

A test answers the question, "How well?"" an individual performs on specific tasks.
Measurement is the process of obtaining a numerical description of a characteristic.

The purpose of measurement is to assign a score to a performance.

Measurement is quantitative and objective but does not include qualitative judgments.
Measurement answers the question, "How much?"

. The final product of measurement is a Score.

. Assessment is a broader process that includes measurement.

. Assessment involves gathering, interpreting, and using information about a learner's progress.
. The purpose of assessment is to give meaning to the measured scores.

. The term 'assessment' derives from the Latin ‘assidere’, meaning 'to sit beside'.

. Assessment answers the question, ""What does the performance mean?"

. Evaluation involves making a value judgment about the quality or worth of a performance.

. The purpose of evaluation is to make decisions and judgments.

. Evaluation integrates both quantitative and qualitative information.

. Evaluation answers the question, "How good is it?"

. The summary relationship is: Test (Tool) — Measurement (Score) — Assessment (Meaning) —

Evaluation (Judgment).

2. Types of Educational Assessments

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Assessment is categorized based on purpose, timing, and interpretation of results.
Assessment FOR Learning is also known as Formative Assessment.

The purpose of formative assessment is to monitor learning during instruction.

Formative assessment is continuous, diagnostic, and low-stakes.

Formative assessment provides descriptive, specific, and timely feedback.

Assessment OF Learning is also known as Summative Assessment.

The purpose of summative assessment is to evaluate learning at the end of a unit or course.
Summative assessment is periodic, final, and high-stakes.

Summative assessment summarizes learning and is used for grading and reporting.

Assessment AS Learning develops students' metacognitive skills.

31. Assessment AS Learning focuses on self-regulation and lifelong learning.

32.

In Assessment AS Learning, students engage in self-assessment and reflection.
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Practice MCQs

1. What is the correct hierarchical sequence
of the core concepts from least to broadest
scope?

A) Assessment, Measurement, Test, Evaluation
B) Test, Measurement, Assessment, Evaluation
C) Evaluation, Assessment, Measurement, Test
D) Measurement, Test, Evaluation, Assessment
Answer: Test, Measurement, Assessment,
Evaluation

2. A final exam in mathematics is a direct
example of which core concept?

A) Measurement

B) Assessment

C) Evaluation

D) Test

Answer: Test

3. The process of assigning a numerical score
to a student's performance is known as?

A) Assessment

B) Evaluation

C) Measurement

D) Testing

Answer: Measurement

4. Which concept answers the question,
"What does the performance mean?"

A) Test

B) Measurement

C) Assessment

D) Evaluation

Answer: Assessment

5. Making a value judgment about the quality
of a student's work is the essence of?

A) Assessment

B) Measurement

C) Evaluation

D) Testing

Answer: Evaluation

6. Assessment FOR Learning is synonymous
with?

A) Summative Assessment

B) Diagnostic Assessment

C) Formative Assessment

D) Placement Assessment

Answer: Formative Assessment

7. The primary purpose of summative
assessment is to?

A) Provide ongoing feedback

B) Monitor learning during instruction

C) Develop metacognitive skills

D) Measure and certify learning at the end
Answer: Measure and certify learning at the
end

8. Assessment AS Learning primarily focuses
on developing?

A) Social skills

B) Metacognitive skills

C) Psychomotor skills

D) Linguistic skills

Answer: Metacognitive skills

9. In which type of assessment is feedback
typically detailed, descriptive, and
immediate?

A) Summative Assessment

B) Norm-Referenced Assessment

C) Formative Assessment

D) Criterion-Referenced Assessment

Answer: Formative Assessment

10. A test that interprets a student's score by
comparing it to the performance of a norm
group is called?

A) Criterion-Referenced Test

B) Aptitude Test

C) Norm-Referenced Test

D) Achievement Test

Answer: Norm-Referenced Test

11. A driving test, which requires a person to
demonstrate mastery of specific skills, is an
example of a?

A) Norm-Referenced Test

B) Aptitude Test

C) Intelligence Test

Page 15|24

MK PREPARATIONS: Let’s Make It Happen

+92 333 2605045, +92 342 4470091

w
-
M
)
=
=
Q
N

=
)
V)
“
=
1
M
3
1)
=
(o ]
N

>
“
“
M
v
)
3
0
=
(o ]
g
m
<
-
S
)
=,
o
=




L MK PREPARATIONS) . =

Chapter 4

~ L

nZO—~-Hp»p» AP UMmMmAT

Educational Taxonomies

Introduction to Educational Taxonomies
Definition:
Educational taxonomies are systematic frameworks or models used to classify educational goals, learning
objectives, and standards into hierarchical levels of complexity and specificity.
Purpose and Uses:
e To help educators design, implement, and assess instructional strategies and student learning
outcomes effectively.
e To provide a common language for discussing educational objectives.
e To ensure that instruction, curriculum, and assessments are aligned with the intended learning
goals.
e To guide the creation of questions, lesson plans, and curriculum mapping (e.g., Table of
Specification).
o To differentiate instruction and provide targeted learning feedback.

Bloom's Taxonomy
Bloom's Taxonomy is the most famous and widely used taxonomy in education. It is a three-dimensional
hierarchical model that classifies learning objectives into levels of complexity and specificity.
The Three Domains of Bloom's Taxonomy:
1. Cognitive Domain: Related to mental skills and knowledge (Head).
2. Affective Domain: Related to attitudes, emotions, and values (Heart).
3. Psychomotor Domain: Related to manual and physical skills (Hand).
A. The Cognitive Domain (Benjamin Bloom, 1956)
This domain is concerned with knowledge outcomes, intellectual abilities, and mental skills. The original
taxonomy has six levels, progressing from the simplest to the most complex.
Original Levels (1956):
1. Knowledge (Lowest Level)
o Definition: The ability to recall or remember previously learned material, such as facts,
terms, basic concepts, and answers.
o Active Verbs: name, list, define, describe, recall, memorize, tell, find, relate.
o Example: Define immunity. List the planets in the solar system.
2. Comprehension
o Definition: The ability to understand the meaning of material, such as by interpreting,
summarizing, or explaining.
o Active Verbs: explain, discuss, outline, predict, translate, summarize, interpret.
o Example: Explain a solar eclipse in your own words. Summarize the main idea of a
story.
3. Application
o Definition: The ability to use learned material in new and concrete situations. This
involves applying rules, methods, concepts, and theories.
o Active Verbs: use, apply, illustrate, solve, demonstrate, calculate, complete.
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Educational Taxonomies: One-Liners
Introduction to Educational Taxonomies

1. Educational taxonomies are systematic frameworks for classifying educational goals and
learning objectives.

2. They classify goals into hierarchical levels of complexity and specificity.

3. Their purpose is to help educators design, implement, and assess instructional
strategies and student learning outcomes.

4. They provide a common language for discussing educational objectives.

They ensure alignment between instruction, curriculum, and assessments with learning goals.

AN

They guide the creation of questions, lesson plans, and curriculum mapping (e.g., Table of
Specification).

7. They are used to differentiate instruction and provide targeted learning feedback.
Bloom's Taxonomy

8. Bloom's Taxonomy is the most famous and widely used taxonomy in education.
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9. Itis a three-dimensional hierarchical model classifying learning objectives.

10. The three domains are Cognitive (Head), Affective (Heart), and Psychomotor (Hand).
A. The Cognitive Domain (Original - Bloom, 1956)

11. The Cognitive Domain is related to mental skills, knowledge, and intellectual abilities.

12. The original taxonomy has six levels, from simplest to most complex.

13. Knowledge is the lowest level, involving recall of facts and basic concepts.

14. Comprehension is the ability to understand, interpret, and summarize material.

15. Application is the ability to use learned material in new and concrete situations.

16. Analysis is the ability to break down material into its constituent parts and understand its

structure.

17. Synthesis is the ability to integrate elements to form a new, coherent whole.

18. Evaluation was the highest level in the original taxonomy, involving judgment based on criteria.
The Revised Cognitive Domain (Anderson & Krathwohl, 2001)

19. The key changes in the revised taxonomy were terminology from nouns to verbs and re-ordering

sojuouoxe

the top two levels.
20. Remember corresponds to the original level of Knowledge.
21. Understand corresponds to the original level of Comprehension.
22. Apply corresponds to the original level of Application.
23. Analyze corresponds to the original level of Analysis.
24. Evaluate corresponds to the original level of Evaluation.
25. Create is the highest level in the revised taxonomy, corresponding to the original Synthesis.

nZO—~-Hp»p» AP UMmMmAT

26. Declarative Learning focuses on memorization and recall of facts (the "what").
27. Procedural Learning focuses on understanding processes and procedures (the "how").
B. The Affective Domain (Krathwohl, 1964)
28. The Affective Domain is concerned with attitudes, emotions, values, beliefs, and feelings.
29. Receiving/Attending is the lowest level, involving the willingness to pay attention.
30. Responding involves active participation and reacting to a phenomenon.
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59. SOLO is an evidence-based model derived from research on how students learn.
Other Modern Educational Taxonomies
60. Fink's Taxonomy of Significant Learning aims to create holistic "significant learning

experiences."
61. Fink's six categories are: Foundational Knowledge, Application, Integration, Human
Dimension, Caring, and Learning How to Learn.
62. Marzano's New Taxonomy is a holistic model incorporating metacognition and the self-system.
63. Marzano's systems are: Self-System, Metacognitive System, Cognitive System, and the
Knowledge Domain.
M Application in Pakistani Educational System (PBCC)
64. The Punjab Board Committee of Chairman (PBCC) has officially adopted Bloom's Taxonomy
K (Cognitive Domain) for a relative grading system.
65. This system is used for classes 9th, 10th, 11th, and 12th under the BISE since 2019.
66. The Punjab Examination Commission (PEC) also follows Bloom's Taxonomy.
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P 67. PBCC's phased transition plan strategically shifts emphasis from rote memorization
(Knowledge/Remember) towards higher-order  thinking skills (Understanding and fa V]
R Application). x
68. By the final phase (2024), the weightage for Knowledge is 30%, Understanding is 50%, e
E and Application/Analyze is 20%. =
°)
P Practice MCQs 3
1. What is the primary purpose of Taxonomy? M
A educational taxonomies? A) Cognitive “
A) To replace traditional teaching B) Affective
R methods C) Psychomotor
A B) To classify educational goals into D) Sociological
hierarchical levels Answer: Sociological
T C) To focus solely on student 4. The Cognitive Domain in Bloom's
assessment Taxonomy is primarily associated
I D) To standardize curriculum across with which part of the human
countries faculties?
O Answer: To classify educational goals A) Heart
into hierarchical levels B) Hands
N 2. Bloom's Taxonomy is primarily a C) Head
framework for classifying what? D) Health
S A) Student personalities Answer: Head
B) Educational resources 5. In the original Bloom's Taxonomy,
C) Learning objectives which level was considered the
D) School administrative levels highest?
Answer: Learning objectives A) Synthesis
3. Which of the following is NOT one of B) Analysis
the three domains of Bloom's C) Evaluation
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Lecturer Biology Solved Past Papers
PPSC | FPSC | SPSC | BPSC | KPPSC | AJKPSC

With the addition of solution to a liquid
system, the water potential of the system
A) Increases

B) Decreases

C) Remains stable

D) Remains variable

Answer: Decreases

The conversion of pyruvate into Acetyl
Co-Ais called

A) Glycolysis

B) Fermentation

C) Oxidative carboxylation

D) Oxidation

Answer: Oxidative carboxylation
Between adenine and thymine, there are
A) Two hydrogen bonds

B) Three hydrogen bonds

C) One hydrogen bond

D) 4 hydrogen bonds

Answer: Two hydrogen bonds

The stage of meiosis in which pairing of

homologous chromosome starts is called:

A) Leptotene

B) Zygotene

C) Diplotene

D) Pachytene

Answer: Zygotene

The site of chromosome on which a gene
is located is called

A) Allele

B) Locus

C) Site

D) Suit

Answer: Locus

In a dihybrid cross, the ratio of F2
generation is

A) 9:3:3:1

B) 3:1

C) 1:2:1

D) 1:1

Answer: 9:3:3:1

When a single gene has multiple effects,
the phenomenon is called

A) Codominance

B) Epistasis

C) Pleiotropy

D) Geostasis

Answer: Pleiotropy

Lamark’s theory of evolution was
published in

A) 1807

B) 1808

C) 1809

10.

11.

12.

13.

14.

15.

D) 1810

Answer: 1809

The book “Origin of species” was written
by

A) Linnaeus

B) Lamark

C) Mendel

D) Darwin

Answer: Darwin

The interaction between algae and fungi
to form lichen is called

A) Parasitism

B) Mutualism

C) Commensalism

D) Ammensalism

Answer: Mutualism

The actual location or place where an
organism lives is called

A) Habitat

B) Ecosystem

C) Niche

D) Biome

Answer: Habitat

Which of the biome has been increased in
area by human activities?

A) Savanna

B) Grassland

C) Desert

D) Coniferous forests

Answer: Desert

Which of the following lake ecosystem
consists of phytoplankton and
zooplanktons?

A) Littoral zone

B) Limnetic zone

C) Profundal zone

D) Water deep layers

Answer: Limnetic zone

Which of the following is biotic
component of ecosystem?

A) Producers

B) Consumers

C) Decomposers

D) All

Answer: All

A sequence of changes in the community
structure of ecosystem over a period of
time is called

A) Natural selection

B) Succession

C) Neo Darwinism

D) Lamarkism

Answer: Succession



16.

17.

18.

19.

20.

21.

22.

23.

Lecturer Biology Solved Past Papers
PPSC | FPSC | SPSC | BPSC | KPPSC | AJKPSC

Syconus fruit develop from

A) Catkin

B) Verticillaster

C) Hypanthodium

D) Cyanthium

Answer: Hypanthodium

The minimum time required between
application of stimulus and production of
response is

A) Presentation time

B) Relaxation time

C) Conversion time

D) Reaction time

Answer: Reaction time
Chromosomes end

A) Telomere

B) Centromere

C) Satellite

D) Meramere

Answer: Telomere

Polyribosomes are aggregation of:
A) Ribosomes and r-RNA

B) Only -RNA

C) Peroxisomes

D) Several ribosomes held together by string
of mRNA

Answer: Several ribosomes held together
by string of mRNA

An algae rich in proteins is

A) Chlorella

B) Oscillatoria

C) Ulothrix

D) Spirogyra

Answer: Chlorella

Both heterospory and circinate ptyxis
occur in

A) Dropteris

B) Pinus

C) Cycas

D) Funaria

Answer: Cycas

Vascular cryptogams is

A) Bryophytes

B) Spermatophytes

C) Pteridophytes

D) Angiosperms

Answer: Pteridophytes
Phytochromes is involved in

A) Phototropism

B) Photorespiration

C) Photoperiodism

D) Geotropism

Answer: Photoperiodism

24,

25.

26.

27.

28.

29.

30.

31.

32.

Pomato is somatic hybrid between:
A) Poppy & potato

B) Potato & tomato

C) Poppy & tomato

D) Poppy & tamarind

Answer: Potato & tomato

Main function of lenticel is

A) Transpiration

B) Guttation

C) Bleeding

D) Gaseous exchange

Answer: Gaseous exchange

Which of the following is the respiratory
surface in human respiratory system
A) Larynx

B) Tracheae

C) Bronchi

D) Alveoli

Answer: Alveoli

Which of these is an osmolyte?

A) Ethylamine oxide

B) Sugar

C) Ammonia

D) Salts

Answer: Salts

The pyelonephritis is the infection of
A) Urethra

B) Nephron

C) Kidney

D) Bladder

Answer: Kidney

The acetabulum provides the particular
surface to the

A) Humerus

B) Femur

C) Pelvis

D) Fibula

Answer: Femur

Under secretion of ADH causes

A) Diabetes mellitus

B) Diabetes insipidus

C) Dehydration

D) None

Answer: Diabetes insipidus

Which of these is not a non orientation
behaviour?

A) Relaxes

B) Instincts

C) Tropism

D) None of these

Answer: Tropism

Which of these is not a portion of uterus?
A) Fundus

B) Body



Lecturer Biology Solved Past Papers
PPSC | FPSC | SPSC | BPSC | KPPSC | AJKPSC

B)

O

D)

Answer: Stroma of chloroplast
540.Unit of chromosome map

A) Centimorgan

B)

O

D)

Answer: Centimorgan

541.Post-transcriptional modification includes

A) Splicing, capping, tailing

B)

0)

D)

Answer: Splicing, capping, tailing
542.0xidative phosphorylation forms ATP in

A) Mitochondria

B)

0

D)

Answer: Mitochondria
543.Fertilization in mammals occurs in

A) Fallopian tube

B)

0)

D)

Answer: Fallopian tube
544.During cleavage, zygote forms

A) Blastomeres

B)

0)

D)

Answer: Blastomeres
545.Gastrulation forms

A) Germ layers

B)

0

D)

Answer: Germ layers
546.Replacement of single base pair is called

A) Point mutation

B)

0

D)

Answer: Point mutation
547.Blood cells involved in phagocytosis

A) Neutrophils

B)

0

D)

Answer: Neutrophils
548.Grazing food chain starts with

A) Producers

B)

0

D)

Answer: Producers
549.Vitamin C deficiency causes

A) Scurvy

B)

0

D)

Answer: Scurvy
550.Fluid mosaic model function

A) Allows selective permeability and

membrane fluidity

B)

0

D)

Answer: Allows selective permeability

and membrane fluidity
551.Succession starting from bare rock

A) Primary succession

B)

0

D)

Answer: Primary succession
552.Instrument used to measure DNA length

A) Gel Electrophoresis

B)

0

D)

Answer: Gel Electrophoresis
553.Calvin cycle end product

A) Glyceraldehyde-3-phosphate

B)

0)

D)

Answer: Glyceraldehyde-3-phosphate
554.Digestion of proteins occurs in

A) Stomach and small intestine

B)

0

D)

Answer: Stomach and small intestine
555.Calcium deficiency causes

A) Osteoporosis / tetany

B)

0

D)

Answer: Osteoporosis / tetany
556.Central dogma is

A) DNA — RNA — Protein

B)

0

D)

Answer: DNA — RNA — Protein
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A) Fragmentation
B) Fission
C) Regeneration
D) All of these
Answer: All of these
776.Genetic dominance is associated with:
A) Personality dominance
B) Population distribution
C) Adaptive value
D) None of these
Answer: Population distribution
777.Amino acids are organic compounds
behaving like:
A) Acid
B) Base
C)Botha &b
D) None of these
Answer: Botha & b
778.XXY individual in Drosophila (fruit fly) is

A) Male
B) Female
C) Sterile
D) All of these
Answer: Female
779.Linnaeus proposed the method of naming
organism :
A) Uninominal
B) Trinomial
C) Binomial
D) None of these
Answer: Binomial
780.0Ontogeny represents the history of an
organisms:
A) Embryonic
B)Botha & ¢
C) Evolutionary
D) None of these
Answer: Embryonic
781.The white blood corpuscles of the
cockroach are called as :
A) Hemocyte
B) Haemoblast
C) Haematoclast
D) Leucocyte
Answer: Hemocyte
782.Nuclear membranes have a structure
similar to:
A) Cell membrane
B) Endoplasmic reticulum
C) Mitochondria
D) All of these
Answer: All of these

783.Trypsin protease secreted in:
A) Bile
B) Saliva
C) Gastric juice
D) Pancreatic juice
Answer: Pancreatic juice
784.Insects mouth Parts are serially
homologous to:
A) Claspers
B) Sting apparatus
C) Legs
D) None of these
Answer: Legs
785.Sickle cell anemia is the condition where
RBCs deflate:
A) Under oxygen
B)Botha & ¢
C) Absence of Oxygen
D) None of these
Answer: Absence of Oxygen
786.Inherited and environmental factors
responsible for certain trait are termed
as:
A) Epigenetics
B) Multifactorial
C) Monogenetic mutation
D) None of these
Answer: Multifactorial
787.DNA duplicate during :
A) Prophase
B) Metaphase
C) Telophase
D) Interphase
Answer: Interphase
788.The first living and respiring organisms
on earth were:
A) Aerobes
B) Anaerobes
C)Botha &b
D) None of these
Answer: Anaerobes
789.Zygote containing XY are female in:
A) Drosophila
B) In grasshopper
C) In moths
D) None of these
Answer: In moths
790.Significant flight muscles in birds is :
A) Appendicular
B) Tensor
C) Pectoral
D) All of these
Answer: Pectoral



Lecturer Biology Solved Past Papers
PPSC | FPSC | SPSC | BPSC | KPPSC | AJKPSC

1052. Protanopia is known as:
A) Red Blindness
B) Blue Blindness
C) Green Blindness
D) Achromacy
Answer: Red Blindness
1053. Hemophilia A is caused due to
abnormality of which factor:
A)X
B) VIII
C) IX
D) XI
Answer: VIII
1054. Dominance relation between IA and IB
alleles is:
A) Over Dominance
B) Incomplete Dominance
C) Co-dominance
D) Complete Dominance
Answer: Co-dominance
1055. A sex-limited trait is limited to only one
sex due to:
A) Taxonomic Differences
B) Physiological Differences
C) Anatomical difference
D) Ecological Difference
Answer: Anatomical difference
1056. About 20% Hemophiliacs suffer from
Hemophilia B due to disturbance in
factor:
A) VIII
B) X
O) IX
D) XI
Answer: IX
1057. When the presence of a gene at one
locus suppresses the effect of a gene at
another locus, the phenomenon is called:
A) Hypostasis
B) Pleiotropy
C) Epistasis
D) Epitropy
Answer: Epistasis
1058. The gene for ABO blood group systems
in humans is represented by symbol:
A) X
B)1
oY
D)O
Answer: 1
1059. X linked recessive trait is:
A) Hypophosphatemia
B) Vitamin-D resistant rickets
C) Hemophilia

D) Diabetes Mellitus
Answer: Hemophilia
1060. Human skin color is a good example of?
A) Sex-linked inheritance
B) Polygenic inheritance
C) x-linked inheritance
D) y-linked inheritance
Answer: Polygenic inheritance
1061. The condition in which the heterozygote
has a phenotype intermediate between
contrasting homozygous parents is called
as:
A) Dominance
B) Incomplete dominance
C) Co-dominance
D) over- dominance
Answer: Incomplete dominance
1062. Gene for red-green color blindness is
present on:
A) Y-chromosome
B) X-chromosome
C) Autosome 7
D) Autosome 9
Answer: X-chromosome
1063. Which one is considered as strongest
evidence of evolution?
A) Embryology record
B) Molecular record
C) Biochemical record
D) Fossil record
Answer: Fossil record
1064. Which of the following character is
determined by combination of three
alleles is:
A) Human skin color
B) Human blood group
C) Human eye color
D) Human Rh factor
Answer: Human blood group
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