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Consum
er

KIN
G

D
O

M
 PLA

N
TA

E

l
 

It contains all photosyn-
thetic eukaryotic m

ulticellular 
plants and their non-photosynthetic 

relatives.
l
 

M
ode of nutrition is m

ainly autotrophic, 
hence called producers. Som

e of the plants are 
heterotrophic, of w

hich m
ost are parasitic and a 

few
 are saprobes. 

l
 

Cell w
all is cellulosic. Food reserve is usually starch 

and fat. 
l
 Reproduction is both asexual and sexual.

KIN
G

D
O

M
 FU

N
G

I

l
 

It contains achlorophyllous, 
spore producing, m

ulticellular or 
m

ultinucleate eukaryotic organism
s. 

l
 They have heterotrophic w

ith absorptive 
type of nutrition i.e., either saprobic or parasitic.

l
 

Cell w
all contains chitin and noncellulosic 

polysaccharides. The cellular organisation is tw
o 

envelope type.
l
 Reproduction is both asexual and sexual.

Producer
D

ecom
poser

DIRECTION OF EVOLUTION

M
ulticellular

U
nicellular

Prokaryotes

Eukaryotes

H
eterotrophy (I ngestion)

Autotrophy (Photosynthesis)
M

ode 
of N

utrition

The scientific procedure of arranging organism
s into groups and subgroups on the basis of their sim

ilarities and dissim
ilarities and  placing them

 in a 
hierarchy of categories is called biological classification. The earliest classification system

s recognised only tw
o kingdom

s of living things: A
nim

alia and 
Plantae follow

ed by three and four kingdom
 classifications introducing Kingdom

 M
onera and Protista. The m

ost accepted and latest five-kingdom
 

classification w
as proposed by R.H

. W
hittaker in 1969 to develop phylogenetic relationships. In this classification, the organism

s are classified on the basis 
of follow

ing criteria : (i) com
plexity of cell, (ii) com

plexity of the body organisation, (iii) m
ode of nutrition, (iv) m

ode of reproduction, (v) ecological role and 
(vi) phylogenetic relationships.

CO
N

CEPT

M
A

P
FIVE KIN

G
D

O
M

 CLASSIFICATIO
N

C
om

plexity
of O

rganism

A
rchaebacteria

(A
ncient bacteria)

Ciliophora
(Ciliates)

Zoom
astigina

(A
nim

al flagellates)
Pyrrophyta

(D
inoflagellates)

M
yxom

ycota
(Slim

e m
olds)

Chrysophyta
(D

iatom
s and related algae)

Porifera
(Sponges)

A
scom

ycota
(Sac fungi)

Zygom
ycota

(Conjugation fungi) Basidiom
ycota

(Club fungi)

D
euterom

ycota
(Fungi im

perfecti)

Phaeophyta
(Brow

n algae)

Rhodophyta
(Red algae)

Chlorophyta
(G

reen algae)

Echinoderm
ata

(Echinoderm
s)

Cnidaria
(Coelenterates)

Prim
itive eukaryotic 
flagellate

Eubacteria
(True bacteria)

KIN
G

D
O

M
 M

O
N

ERA
l
 

It includes basically unicelluar, m
icroscopic 

prokaryotes and the m
ost prim

itive of living form
s 

w
ith different m

odes of nutrition i.e., – saprobic, parasitic, 
chem

oautotrophic, photoautotrophic and sym
biotic.

l
 

Cell w
all com

prises of peptidoglycan and polysaccharides other 
than cellulose. Cells have one envelope type of organisation but 

internal com
partm

entalisation is absent.
l

 
If present, flagella are single stranded, genetic m

aterial 
is not organised into a nucleus, D

N
A

 is naked i.e., 
w

ithout histone, all m
em

brane bound cell 
o

rg
a

n
e

lle
s a

re
 a

b
se

n
t. S

e
xu

a
l 

reproduction is absent as m
eiosis 

does not occur.

A
nnelida

(Segm
ented w

orm
s)

A
rthropoda

(A
rthropods)

M
ollusca

(M
olluscs)

Cyanobacteria
(Blue green algae)

Euglenophyta
(Euglenoids)

Sporozoa
(Sporozoans)

O
om

ycota
(W

ater m
olds)

Bryophyta
(M

osses and 
liverw

orts)

KIN
G

D
O

M
 PRO

TISTA

l
 

It 
includes 

all 
unicellular 

and 
colonial eukaryotes. M

ost of them
 are 

aquatic organism
s form

ing plankton. 
l
 

Th
ey 

h
ave 

d
iverse 

m
o

d
es 

o
f 

n
u

tritio
n

 
– 

photosynthetic, saprobic, parasitic, ingestive or holozoic, 
etc. G

enetic m
aterial is organised in the form

 of nucleus. 
D

N
A

 is associated w
ith histone. The aerobic form

s possess 
m

itochondria and other m
em

brane bound organelles. 
Flagella, if present are 11-stranded w

ith 9 + 2 organisation 
of m

icrotubules.
l
 

These organism
s w

ith flexible lifestyles justifies the 
erection of the interm

ediate eukaryotic Kingdom
 

Protista. It is a connecting link betw
een 

prokaryotic M
onera and the other 

eukaryotic kingdom
s.

Chordata
(Chordates)

N
em

athelm
inthes

(Roundw
orm

s)

M
ajor 

Ecological Role

Heterotrophy  (Absorption)

KIN
G

D
O

M
 A

N
IM

A
LIA

l
 

It has m
axim

um
 num

ber and m
ost 

diverse types of organism
s.

l
 

O
rganism

s are m
ulticellular eukaryotes. Body 

form
 is regular. Cellular, tissue and organ system

 
levels of organisation occurs in different groups. A

 
cell w

all is absent. The organism
s have holozoic or 

ingestive type of nutrition. A
 few

 anim
als are, 

how
ever, parasitic. They live on or inside the bodies 

of other eukaryotes. 
l
 Reproduction is m

ostly sexual.

Platyhelm
inthes

(Flatw
orm

s)

C
om

plexity
 of C

ell

C
lassification C

riteria

A
ngiosperm

ae 

G
ym

nosperm
ae

Pteridophyta

Tracheophyta

Viruses
Ÿ

Viruses are interm
ediate betw

een living and non-
living entities. These act as obligate parasites, i.e., 
inert outside the host cell.

Ÿ
They do not grow

, divide or reproduce like typical living 
organism

s, rather reproduce using host m
achinery.

Ÿ
Viruses are thus described as a nucleoprotein entity 
w

hich is able to utilise the synthetic m
achinery of a 

living cell of another organism
 for its m

ultiplication 
and division.

Ÿ
They resem

ble living organism
s in possessing genetic 

m
aterial and organic m

acrom
olecules and show

ing 
m

utations.
Ÿ

They are responsible for a num
ber of infectious 

diseases in plants, anim
als and hum

ans.
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Sexual reproduction takes place by follow
ing processes:

CO
N

CEPT

M
A

P
Fungi is a large kingdom

 com
prising of about 5100 genera and m

ore than 50,000 species. 
They are achlorophyllous, heterotrophic, spore form

ing, eukaryotic organism
s w

ith thalloid 
body m

ade up of hyphae (together constituting m
ycelium

). They are cosm
opolitan in 

distribution. Som
e fungi occur in fresh or m

arine w
ater, others are terrestrial and still others 

are air borne. The study of fungi is know
n as m

ycology.

KIN
G

D
O

M
 FU

N
G

I

l 
They m

ay be obligate parasites (obtain food from
 host plants 

and die w
ith the death of host) or facultative saprophytes 

(usually parasitic but able to absorb food from
 decaying host 

plant as w
ell), ob

ligate sap
rop

hytes (obtain food from
 

decaying organic m
atter) or facultative parasites (usually 

saprophytes but can live parasitically under som
e conditions).

 N
U

TRITIO
N

l 
M

any botanists have classified fungi in different w
ays.

l 
M

artin’s (1961) classification of fungi is m
ost prevalent. H

e classified fungi into M
yxom

ycotina 
(Slim

e m
olds) and Eum

ycotina (True fungi).
 

M
artin further divided Eum

ycotina into the follow
ing classes:

 CLA
SSIFICATIO

N

l 
The m

ycelium
 is aseptate and coenocytic. 

l 
The sp

orangia has innum
erab

le sp
orangiosp

ores (zoosp
ores or 

aplanospores) form
ed endogenously. 

l 
Sexual reproduction is oogam

ous in O
om

ycetes, and isogam
ous in 

Zygom
ycetes. 

l
 

Biflagellate m
otile cells (zoospores) are produced by m

any species.
l 

The zygote is unicellular and sim
ple.

l 
E.g., Albugo, Phytophthora (O

om
ycetes), Rhizopus, M

ucor (Zygom
ycetes).

Phycom
ycetes

l
 

The m
ycelium

 consists of septate hyphae, possessing central or septal 
pores. M

otile structures do not occur in the life cycle.
l 

In m
ajority of A

scom
ycetes, the com

m
on m

ode of asexual reproduction is 
through the form

ation of conidia.
l 

Sexual reproduction takes place through fusion of sex cells, som
atic cells, 

gam
etangial contact betw

een an antheridium
 and ascogonium

 and 
autogam

y.
l 

Karyogam
y is delayed after plasm

ogam
y. H

ence, a new
 transitional phase 

called dikaryophase appears in the life cycle. The cells of dikaryophase are 
called dikaryotic cells as each cell possesses tw

o nuclei (n + n).
l 

Som
e dikaryotic cells function as ascus m

other cells. A
scus is a sporangial 

sac peculiar to Ascom
ycetes. 4-8 haploid m

eiospores nam
ed ascospores are 

produced internally in each ascus.
l 

The asci m
ay occur freely or get aggregated w

ith dikaryotic m
ycelium

 to 
form

 fructifications called ascocarps.
l 

E.g., Yeast, Aspergillus, Penicillium
, Claviceps, m

orels and truffles.

l 
Basidiom

ycetes are the m
ost advanced fungi and considered am

ong the 
best decom

posers of w
ood.

l 
M

otile structures or cells are absent. M
ycelia are of tw

o types, prim
ary and 

secondary.
l 

Karyogam
y is delayed after plasm

ogam
y. A

 new
 transitional phase called 

dikaryophase appears in the life cycle. It produces dikaryotic secondary 
m

ycelium
. Secondary m

ycelium
 is long lived, profusely branched septate 

hyphae possessing dolipores.
l 

H
ook-shaped outgrow

ths called clam
p connections are found on the 

sides of septa w
hich are m

eant for proper distribution of dikaryons at the 
tim

e of cell division.
l 

Karyogam
y and m

eiosis occur in club-shaped structures know
n as basidia. 

A
 basidium

 com
m

only produces four m
eiospores or basidiospores 

exogenously at the tip of fine outgrow
ths called sterigm

ata.
l 

The fungi m
ay or m

ay not produce fructifications called basidiocarps 
that vary in size from

 m
icroscopic to m

acroscopic form
s.

l 
E.g., Puccinia, U

stilago, Agaricus, bracket fungi, etc.

Basidiom
ycetes

l 
D

euterom
ycetes is an artificial class of fungi w

hich has been created to 
include all those fungi in w

hich sexual stage is either absent or not know
n.

l 
Som

e of the deuterom
ycetes are unicellular like yeast. 

l 
The m

ycelium
 is usually septate. Coenocytic form

s are not know
n.

l 
A

sexual reproduction often occurs by conidia along w
ith som

e other 
types of spores.

l 
It is believed that m

ost m
em

bers of deuterom
ycetes are actually ascom

ycetes 
in w

hich sexual reproduction is either absent or yet to be discovered.
l 

E.g., Colletotrichum
, H

elm
inthosporium

, Trichoderm
a.

l 
Fungi range from

 unicellular, uninucleate form
s like yeast 

and Synchytrium
 to thread-like structure called m

ycelium
 

w
hich is m

ade up of a net like m
ass of tubular filam

ents 
called hyphae. The hypha is usually branched, tube like 
structure, having protoplasm

 w
ith reserve food and 

bounded by a w
all of chitin, a nitrogen containing 

polysaccharide (C
H

N
O

)
.

22
54

4
21

n
l 

The protoplasm
 of the hypha m

ay be continuous w
ithout 

cro
ss w

alls, called
 asep

tate h
yp

h
a o

r m
ay h

ave 
transverse partitions or septa, know

n as septate hypha. 
Septa are seldom

 com
plete as they are perforated and 

m
ay contain plasm

odesm
ata or central pores. W

hen 
central septal pore possesses a barrel-shaped inflation, as 
in m

any basidiom
ycetes, it is know

n as dolipore septum
.

l 
A

 m
em

b
ranous vesicle called

 lom
asom

e is found 
attached to plasm

a m
em

brane.

l 
In som

e fungi, hyphae m
ay structurally m

odify in response 
to functional needs as: 

 
(a) Prosenchym

a : It is form
ed w

hen the com
ponent 

hyphae lie m
ore or less parallel to one another and 

unite to form
 a rather loosely interw

oven structure 
w

here their individuality is not lost.
 

(b) Pseudo-parenchym
a : It is form

ed w
hen the hyphae 

becom
e closely interw

ined, form
ing a tissue w

hich 
consists of hollow

 tubes spread in all directions. These 
lose their individuality.

 
(c) R

h
izo

m
o

rp
h

 : It is a th
ick stran

d
 or root-like 

aggregation of som
atic hyphae w

hich lose their 
individuality. The entire m

ass behaves as an organised 
unit and have higher infection capacity.

 
(d) Sclerotium

 : It is a com
pact globose structure, form

ed 
by the aggregation and adhesion of hyphae.

 
(e) A

ppressorium
 : It is a term

inal, sim
ple or lobed, 

sw
ollen structure of germ

 tubes or infecting hyphae, 
found in m

any parasitic fungi.
 

(f) H
austorium

 : These are intracellular, absorbing 
structures of obligate parasites m

eant for absorbing 
food m

aterial from
 the host. They m

ay be variously 
shaped and secrete specific hydrolysing enzym

es.

Lipid globule
Vacuole
D

ictyosom
e (Unicisternal)

Glycogen particle or oil (Reserve food)
Nucleus 
Endoplasm

ic reticulum
Ribosom

e
M

itochondrion
Cytoplasm

ic m
atrix

Plasm
a m

em
brane

Hyphal w
all 

(Usually contains chitin)

Fig.: Ultrastructure of part of fungal hypha

A
sexual

Sexual

Zoospores
U

niflagellate or biflagellate, thin w
alled, uninu-

cleate structures form
ed in zoosporangia, e.g., 

Phytophthora, Albugo.

Sporangiospores
N

onflagellate spores that develop inside 
sporangia, e.g., M

ucor, Rhizopus.Chlam
ydospores

Thick-w
alled perennating spores w

hich develop at 
p

laces alo
n

g
 th

e hyp
h

ae b
y accu

m
u

latio
n

 o
f 

protoplasm
, rounding off and secretion of thick w

all.

O
idia

U
sually form

ed under conditions of excess 
w

ater, sugar and certain salts, e.g., Rhizopus. Sporangium
Spores

Conidia
N

onm
otile, thin-w

alled, exogenous spores, 
produced in chains upon the tip of hypha called 
conidiophore, e.g., Aspergillus, Penicillium

.

Conidia

Conidiophore

A
scospores

N
onm

otile m
eiospores w

hich are produced 
in

sid
e sp

ecial sacs called
 asci an

d
 are 

characteristic of Class A
scom

ycetes.

A
scus

A
scopores

Basidiospores
N

onm
otile m

eiospores form
ed exogenously 

on short outgrow
ths of club-shaped structure 

called basidium
 and are characteristic of Class 

Basidiom
ycetes.

G
am

etangial contact
H

ere gam
etes are never released 

from
 gam

etangia, instead the m
ale 

and fem
ale gam

etangia com
e in 

close contact w
ith the help of a 

fertilisation tube, through w
hich one 

or m
ore m

ale nuclei m
igrate to the 

fem
ale gam

etangium
. E.g., Pythium

O
ogonium

(Fem
ale 

gam
eta-

ngium
)

Fertilisation 
tube

Em
pty 

antheridium
(M

ale 
gam

eta-
ngium

)

O
oplasmPeriplasm

G
am

etangial copulation
This process involves fusion of the 
entire contents of tw

o com
patible 

gam
etangia, resulting in karyo-

gam
y. E.g., M

ucor. 

Isogam
etangia

Suspensor

O
idia 

(m
ultiply 

by 
budding)

Planogam
etic copulation

This involves fusion of tw
o 

naked m
otile gam

etes 
(planogam

etes). Based 
upon the nature and 
structure of gam

etes, it is 
of three types: isogam

y, 
anisogam

y and oogam
y.Som

atogam
y

H
ere sex organs are not at all form

ed, but tw
o vegetative hyphae 

or cells take over the sexual function and fuse together. E.g., 
M

orchella, Peziza.

Sperm
atisation

In som
e advanced genera, the sexual process is accom

plished by 
m

inute spore-like sperm
atia (m

ale gam
etes) and specialised 

receptive hyphae (fem
ale gam

etes). The sperm
atia are carried by 

air, w
ater or insects to the receptive hyphae. The contents of the 

sperm
atium

 enter the receptive hyphae through a pore.

A
scom

ycetes

D
euterom

ycetes

 STRU
CTU

RE

l 
Fungi m

ay reproduce by vegetative, asexual and sexual m
eans. 

 REPRO
D

U
CTIO

N

Vegetative

Budding
Sm

all outgrow
ths from

 
vegetative body, cut off 
and m

ature to form
 new

 
individuals, e.g., yeast

Fission
Splitting of 
vegetative 
cells into tw

o 
daughter cells.

Fragm
entation

Fragm
ents of 

vegetative hyphae 
develop into new

 
individual.

Sterigm
a

Basidium

Binucleate spores
D

ikaryotic spores m
eant for m

ultiplying 
the dikaryotic m

ycelium
, e.g., aecidio-

spores, uredospores in Puccinia. Another 
type of dikaryotic spore is teleutospore 
or teliospore .

Aecidio-
spore

U
redo-

spore
Teleut-
ospore

Trichogyne

Sperm
atium

Receptive hyphae 
(O

ogonium
)

Isogam
etes

Flagella
Em

pty
antheridium

A
ntherozoid

O
vumO

ogam
y

A
nisogam

etes

Isogam
y

A
nisogam

y
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Paraphysis 
(Sterile hair 
like fungal 

hyphae)

A
scus (sac like 

structure 
containing 
ascospores)

U
pper cortex

A
lgal cells

Fungal cell

A
scocarp

Low
er cortex

A
scospores (haploid spores w

hich 
com

e in contact w
ith alga to form

 new
 lichen)

Fruiting body of lichen

LICH
EN

S
Lichens are com

posite or dual organism
s representing an intim

ate sym
biotic relationship 

betw
een algae and fungi (D

e Bary, 1879). The algal com
ponent of lichen is know

n as 
phycobiont w

hereas the fungal com
ponent is know

n as m
ycobiont. The fungal com

ponent 
predom

inates algal com
ponent, such an association is know

n as helotism
 (Crom

bic, 1885). 
There are about 400 genera and 1600 species of lichens. They usually grow

 on bark of trees, 
dry logs (corticolous), bare rocks (saxicolous) or soil (terricolous), etc.

CO
N

CEPT

M
A

P

Classification
Internal Structure

Reproduction

Econom
ic Im

portance

Ecological Significance

O
n the basis of 

fungal com
ponent

Foliose lichen
These lichens are flat w

ith leaf-like and 
lobed thallus attached to the substratum

 
w

ith the help of rhizoid - like rhizines. 
Exam

ples: Parm
elia, Physcia.

Fruticose lichen
Shrub-like, cylindrical and branched thallus 
that grow

 erect or hang from
 the substratum

 
w

ith the help of a basal m
ucilagenous disc. 

Exam
ples: Alectonia, Cladonia.

A
scolichens

The fungal com
ponent of these 

lich
en

s is a m
em

b
er o

f C
lass 

A
sco

m
ycetes. Th

ey are called 
g

ym
n

o
carp

eae if the fruiting 
body is a disc like apothecium

 
(also know

n as discolichens, e.g., 
Parm

elia). They are called pyreno-
carpeae if the fruiting body is a 
flask shaped perithecium

 (also 
kn

ow
n

 as p
yren

olich
en

s, e.g., 
D

erm
atocarpon).

Basidiolichens
The fungal com

ponent of these 
lich

en
s is a m

em
b

er o
f C

lass 
B

asid
io

m
ycetes. G

en
era like 

Corella and D
ictyonem

a belong to 
this group.D

euterolichens
The fungal com

ponent of these 
lichens belongs to Class D

eutero-
m

ycetes.

Crustose lichen
These are encrusting lichens w

ith an inconspicuous, 
thin and flat thallus, firm

 in texture. The thallus is very 
closely adhered to the substratum

 and provides a 
crust-like appearance.
Exam

ples: G
raphis, H

aem
atom

m
a, Lecanora.

U
pper cortex

Com
posed of com

pactly interw
oven fungal 

hyphae arranged at right angles to the surface 
of thallus, usually lacking intercellular spaces (if 
present, then filled w

ith gelatinous substance).

A
lgal zone

This layer is com
posed of green or blue green 

algae. The algal cells rem
ain em

bedded in the  
tangled netw

ork of fungal hyphae. Som
etim

es 
algal cells and fungal hyphae are uniform

ly 
distributed throughout the thallus (hom

o-
isom

erous) w
hereas som

etim
es algal cells form

 
a distinct layer w

ithin thallus (heterom
erous).

M
edulla

Central part of thallus, com
prised of loosely 

interw
oven fungal hyphae w

ith large spaces 
betw

een them
.

Low
er cortex

C
om

p
osed

 of com
p

actly arran
g

ed
 fun

g
al 

hyphae running parallel or perpendicular to 
surface of thallus.

Rhizines
Som

e hyphae of low
er cortex descend dow

n 
and help in attachm

ent of thallus to substratum
. 

These are know
n as rhizines.

A
 part of vertical 

section of lichen

Lichens reproduce both by asexual and sexual m
eans.

(i) 
A

s food : Species of Lecanora, Parm
elia, U

m
bilicaria and Cetraria islandica are used as food in m

any parts of the w
orld. U

m
bilicaria esculenta is a 

delicacy in Japan, w
hile the species of Parm

elia are used as curry pow
der in India.

(ii) 
A

s m
edicine : Parm

elia perlata is specially useful in dyspepsia and in the treatm
ent of snake and scorpion bites. Cladonia, Cetraria and Pertusaria 

are used in interm
ittent fever. Cladonia pyxidata is useful in w

hooping cough. U
snea sp. are used to stop bleeding. Erythrin, obtained from

 
Roccella m

ontagnei, is used in angina. Lobaria pulm
onaria and Cetraria islandica are used in tuberculosis and other lung diseases.

(iii) A
s dyes : Red and purple dyes are obtained from

 O
chrolechia androgyna and O

. tartarea. O
rchil, a blue dye is obtained from

 som
e lichens (e.g., 

Cetraria islandica). Parm
elia om

phalodes is the source of a brow
n dye. Litm

us, an im
portant acid-base indicator dye in chem

ical laboratories, is 
obtained from

 Roccella m
ontagnei and Lasallia pustulata.

(iv) In tanning industry : Cetraria islandica and Lobaria pulm
onaria are used as tanning agents in leather industries.

(v) 
In cosm

etics : Evernia and Ram
alina are the source of essential oils, used in the m

anufacture of cosm
etic soaps. Ram

alina calicaris is used for 
w

hitening hair in w
igs. Pseudevernia furfuracea and Evernia prunastri are w

idely used in the m
anufacture of perfum

es.

Lichens are pioneer plants in ecological succession, w
hich help in colonisation of bare rocky habitats. They secrete som

e organic acids w
hich 

disintegrate rocks and form
 soil and substratum

 for subsequent establishm
ent of other vegetation types. Lichens can be used as air pollution 

indicators especially of the concentration of sulphur dioxide in atm
osphere. Several lichens are also harm

ful to us. They cause a considerable loss 
due to etching of glass surfaces and m

arble stones. Som
e lichens, such as Letharia vulpina (w

olf m
oss) are poisonous.

A
sexual reproduction occurs by follow

ing structures:
(i) 

Cephalodium
 : These appear as sm

all, hard, dark-
coloured, gall-like sw

ellings on the free surface of som
e 

lichen thalli. They contain the sam
e fungal hyphae as in 

the thallus but the algal com
ponent is alw

ays different.
(ii) 

Soredium
 : Sm

all bud-like outgrow
ths over the upper 

surface of thalli, containing one or few
 algal cells 

closely enveloped by a w
eft of fungal hyphae. Both 

fungus and alga are sam
e as in parent thallus.

(iii) Isidium
 : These are sm

all outgrow
ths on the upper 

surface of the lichen thallus each consisting of an outer 
cortical layer m

ade up of fungal cells follow
ed by an 

algal layer of the sam
e kind as in the thallus.

A
lgal cells

U
pper cortex

Isidia

M
edulla

A
lgal cells

Isidium

Fungal 
hyphae

A
lgal cell

Soredium

A
lgal cell

M
edulla

Fungal hyphae

Cephalodium

Parent lichen 
thallus

Cephalodium

A
sexual reproduction

Sexual reproduction

Sperm
atia adhere to the projected part of sticky trichogyne. O

n dissolution of the w
alls 

betw
een them

 the nucleus of sperm
atium

 m
igrates into the carpogonium

 through 
trichogyne. The m

ale nucleus fuses w
ith the fem

ale nucleus. Several branched 
ascogenous hyphae develop from

 the base of the fertilised ascogonium
. The term

inal 
binucleate cell of ascogenous hypha develops into an ascus. The tw

o nuclei w
ithin the 

ascus fuse to form
 a diploid nucleus w

hich form
s eight haploid daughter nuclei 

m
eiotically, each m

etam
orphosing into an ascospore. The ascospores are hyaline and 

green or brow
n in colour. They are released gradually from

 the ascus, and on com
ing in 

contact w
ith a suitable alga, form

 a new
 lichen thallus.

In lichens, the process of sexual reproduction is perform
ed only by the fungal 

com
ponent. The fem

ale sex organs are know
n as carpogonia. The m

ale sex organs are 
know

n as sperm
ogonia. A

 carpogonium
 is differentiated into a basal coiled 

ascogonium
 and an elongated m

ulticellular trichogyne. Each sperm
ogonium

 is a 
flask- shaped receptacle im

m
ersed in a sm

all elevation on the upper surface of thallus. 
The sperm

ogonium
 usually develops close to carpogonium

.

Crustose lichen
Foliose lichen

Fruticose lichen

O
n the basis of 

external m
orphology

Carpogonium
Sperm

ogonium U
pper cortex

O
stiole (sm

all pore)

Fertile hypha

Strom
a

M
edulla

Sperm
atia 

(non-m
otile 

m
ale cells)

A
lgal cells

H
elical 

ascogonium
 

(coiled portion 
sunken in m

edulla)

A
lgal cells

Trichogyne
(straight upper portion 

projecting above the 
surface of thallus)
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p
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P
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:
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d
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th
e

le
v

e
lo

fu
p

p
e

ro
n

e
s,

,m
u

sta
rd

.
e.g

.

With long peduncle

With short peduncle
With flattened

peduncle

C
y

a
th

iu
m

T
h

e
in

flo
re

sce
n

ce
lo

o
ks

like
a

flo
w

e
r.T

h
e

b
ra

cts
o

r
th

e
in

vo
lu

cre

b
e

co
m

e
fu

se
d

to
fo

rm
a

cu
p

sh
a

p
e

d

stru
ctu

re
.

T
h

e
in

flo
re

sce
n

ce
co

n
ta

in
s

p
e

d
ice

lla
te

,
a

ch
la

m
y

d
e

o
u

s,
u

n
ise

x
u

a
l

flo
w

e
rs

o
f

b
o

th
th

e
ty

p
e

s,
m

a
le

a
n

d

fe
m

a
le

.
T

h
e

c
u

p
e

n
c

lo
se

s
a

sin
g

le

fe
m

a
le

flo
w

e
r

su
rro

u
n

d
e

d
b

y
a

la
rg

e
n

u
m

b
e

ro
fm

a
le

flo
w

e
rs.

E.g
., Eu

p
h

o
rb

ia

p
u

lch
errim

a
.

V
e

rticilla
ste

r
T

w
o

d
ich

a
sia

l
c

y
m

e
in

flo
re

-

sce
n

ce
s

d
e

v
e

lo
p

fro
m

a
x

il
o

f

o
p

p
o

site
le

a
v

e
s.

T
h

e
y

to
g

e
th

e
r

fo
rm

a
fa

lse
w

h
o

rl
a

ro
u

n
d

th
e

n
o

d
e

,
.

e.g
.,O

cim
u

m
,Leu

cu
s

H
y

p
a

n
th

o
d

iu
m

It
h

a
s

a
fla

sk
-sh

a
p

e
d

fle
sh

y

re
c

e
p

ta
c

le
w

h
ic

h
p

o
sse

sse
s

a

n
a

rro
w

a
p

ica
l

o
p

e
n

in
g

g
u

a
rd

e
d

b
y

h
a

iry
stru

ctu
re

.T
h

e
re

ce
p

ta
cle

b
e

a
rs

m
a

le
flo

w
e

rs
to

w
a

rd
s

th
e

p
o

re
a

n
d

fe
m

a
le

flo
w

e
rs

to
w

a
rd

s
th

e

b
a

se
.

E
.g

.,
F

icu
s

re
lig

io
sa

,

Ficu
s

ca
rica

.

SHIKSHA VIEW 

81
26

03
01

03



(i) Endosperm
ic or album

inous 
seeds: Endosperm

 is present and 
food reserve rem

ains in endosperm
, 

e.g., m
ost m

onocots and som
e dicots 

(Ricinus com
m

unis).

Perisperm
Cotyledon

Endosperm

Testa

Radicle

CaruncleCastor seed (L.S.)

(ii) N
on-endosperm

ic or exalbum
inous 

seeds : The endosperm
 is consum

ed during 
seed developm

ent and the food is stored in 
cotyledons, e.g., m

ajority of dicot seeds (Cicer 
arietinum

) and in som
e m

onocot seeds.

Tegm
en

Testa

Cotyledon
Em

bryo
A

xis
G

ram
 seed (split open)

CO
N

CEPT

M
A

P
M

O
RPH

O
LO

GY
O

F FRUITS
AN

D
 SEED

S

A
 true fruit (or eucarp) is a ripened ovary. It consists of a thin or thick pericarp 

form
ed from

 the w
all of ovary and seeds form

ed from
 the ovules.  A

 fruit in w
hich 

other floral parts (e.g., thalam
us, base of sepals, petals, etc.), participate in its 

form
ation is called false fruit (or pseudocarp) e.g., apple and pear. The seeds 

w
ithin the fruits have reserve food for nourishing the young seedlings till they 

becom
e nutritionally independent.

· Som
e fruits are form

ed w
ithout fertilisation i.e., seedless fruits. They are called as 

parthenocarps (e.g., banana). Fruits are classified into three m
ain categories – 

sim
ple fruits, aggregate fruits and com

posite fruits.

Sim
ple 

fruits
Sim

ple fruits develop from
 

m
onocarpellary ovary or 

m
ulticarpellary syncarpous ovary. 

Sim
ple fruits m

ay be dry (pericarp is 
undifferentiated) or succulent 
(pericarp is differentiated into 

epicarp, m
esocarp and 

endocarp).
D

ry fruits
D

ry fruits are of 
three types – A

chenial 
(single seeded, indehiscent), 

capsular (m
any seeded, dehiscent) 

and schizocarpic (m
any seeded, 

after ripening divide into 
single seeded 

segm
ents).

Com
posite fruits

A
 com

posite or m
ultiple fruit develops from

 the w
hole 

inflorescence. It is of tw
o m

ain types: sorosis and syconus.
Sorosis : These fruits develop from

 spike, spadix or catkin 
inflorescence. Sorosis of p

ineap
p

le d
evelop

s from
 an 

intercalary spike of sterile flow
ers w

ith persistent bracts. 
Sorosis of m

ulberry develops from
 a fem

ale catkin.
Syconus : It develops from

 hypanthodium
 inflorescence. 

Receptacle becom
es fleshy and edible, m

any achenes 
develop from

 pistillate flow
ers, e.g., Ficus carica.

Syconus of
Fig

Sorosis of
M

orus

A
ggregate fruits

Aggregate fruits are the groups of fruitlets w
hich 

develop from
 the m

ulticarpellary, apocarpous 
ovaries. The individual carpel or pistil develops 
into a fruitlet and these fruitlets occur as a 
clustered unit on a single receptacle, w

hich is 
referred to as an aggregate fruit or etaerio, e.g., 
etaerio of achenes (Ranunculus, lotus), etaerio of 
follicles (Calotropis), etaerio of berries (Custard 
apple), etaerio of drupes (e.g., Rubus  idaeus), etc.

Etaerio
of achenes

in Lotus

Etaerio of berries
in Custard

A
pple 

Succulent fruits
Succulent fruits can be divided into three m

ain types: berry, drupe and pom
e.

(i) Berry : In superior or true berry (derived from
 superior ovary) usually all the three 

layers of fleshy pericarp are edible, e.g., grape, tom
ato.  In inferior or false berry 

(derived from
 inferior ovary) epicarp is fused w

ith thalam
us to form

 exocarp, e.g., 
banana (parthenocarpic), guava. There are som

e special berries also such as 
balausta (e.g., pom

egranate), pepo (e.g., cucum
ber), and hesp

eridium
 (e.g., 

orange).
(ii) D

rupe (or stone fruit) : In this fruit, epicarp form
s the rind, m

esocarp is fleshy 
and endocarp is hard and stony, e.g., alm

ond, m
ango, Zizyphus, etc.

(iii) Pom
e : It is a false fruit that develops from

 the fleshy thalam
us of m

ulticarpellary, 
syncarpous, inferior ovary, e.g., apple, pear, etc.

D
rupe of M

ango
Berry of Tom

ato
Inferior Berry

of Banana
Pom

e of A
pple

D
ouble sam

ara of Acer

Crem
ocarp of Coriandrum

Regm
a of

Castor
Lom

entaceous pod
of Touch-m

e-not
Carcerulus of

Althaea

Seed
Seed is a 

ripened ovule 
w

hich contains an 
em

bryo, adequate reserve food 
and a covering for protection against 

m
echanical injury. A

 seed m
ay have 1 or 2 

coverings called seed coats. O
uter is 

testa and inner is called tegm
en. 

Seeds can be endosperm
ic 

and non-
endosperm

ic.

Achene of M
irabilis 

jalapa 

Caryopsis of
M

aize 

Cypsela of Taraxacum

N
ut of Litchi

Sam
ara of

H
oloptelea

Capsule of 
D

atura

Legum
e of pea 
 Silicula of 

Capsella
Siliqua of 
M

ustard

 Follicle of
D

elphinium

Schizocarpic fruits (Splitting fruits)
Schizocarpic fruits are of five types : 
(i) Crem

ocarp
 : It develops from

 a bicarpellary, 
syncarpous, bilocular, inferior ovary. O

n m
aturity, the 

fruit splits into tw
o m

ericarps, each w
ith one seed,

e.g., m
em

bers of fam
ily A

piaceae. (ii) Lom
entum

 : The 
fruit is a m

odification of legum
e, w

hich is constricted 
in betw

een the seeds, e.g., M
im

osa, Acacia, etc.
(iii) Carcerulus : A

t m
aturity, the fruit breaks up into 

single seeded indehiscent m
ericarps, e.g., Althaea.

(iv) Com
pound sam

ara : A
t m

aturity, the fruit splits 
up into single seeded w

inged m
ericarps, e.g., Acer.

(v) Regm
a : It develops from

 m
ulticarpellary pistil and 

on m
aturity, splits into as m

any cocci as the num
ber of 

carpels, e.g., G
eranium

.

A
chenial fruits (Indehiscent fruit)

Achenial fruits are of five types : 
( i) A

ch
en

e : It d
evelop

s from
 m

onocarp
ellary, sup

erior, 
unilocular and uniovuled ovary, pericarp is free from

 seed 
except at one point, e.g., M

irabilis jalapa. (ii) Caryopsis (or 
G

rain) : It develops from
 m

onocarpellary, superior, unilocular 
ovary. Pericarp is com

pletely fused w
ith the testa, e.g., m

em
bers 

of fam
ily Poaceae. (iii) Cypsela : It develops from

 bicarpellary, 
syncarpous, inferior and unilocular ovary. Pappus m

ay be 
present for dispersal, e.g., Taraxacum

. (iv) N
ut: Pericarp becom

es 
h

ard
, w

o
o

d
y o

r le
ath

e
ry. Fru

it m
ay d

e
ve

lo
p

 fro
m

 
m

onocarpellary, superior ovary (e.g., cashew
 nut); tricarpellary, 

syncarpous, trilocular ovary (e.g., litchi), etc. (v) Sam
ara : 

Pericarp becom
es flat like w

ings and thus help in w
ind dispersal 

e.g., H
oloptelea.

Capsular fruits (D
ehiscent fruit)

Capsular  fruits are of five types:
( i) Leg

u
m

e (o
r p

o
d

) : Th
e fru

it d
evelo

p
s fro

m
 su

p
erio

r, 
m

onocarpellary, unilocular ovary w
ith m

arginal placentation. It 
dehisces by both dorsal and ventral sutures, e.g., m

em
bers of fam

ily 
Legum

inosae. (ii) Follicle : The fruit dehisces by only one suture, 
e.g., D

elphinium
. (iii) Siliqua : It develops from

 a bicarpellary, 
superior ovary w

ith parietal placentation and a false septum
 called 

replum
. It dehisces by tw

o valves, e.g., m
em

bers of fam
ily 

Brassicaceae. (iv) Silicula : It is a shortened and flattened siliqua, 
e.g., Capsella bursa-pastoris. (v) Capsule: According to the m

ode of 
dehiscence, capsule m

ay be porocidal capsule (e.g., Papaver), 
d

en
ticid

al cap
su

le (e.g., Pink), p
yxid

iu
m

 (e.g., Portulaca), 
lo

cu
licid

al cap
su

le (e.g., G
ossypium

), sep
ticid

al cap
su

le
(e.g., Viola), septifragal capsule (e.g., D

atura), etc.

SHIKSHA VIEW 

81
26

03
01

03



 flow
er is a highly condensed and m

odified shoot. It contains reproductive organs of the flow
ering plants, w

hich develop fruits and seeds. There are four types 

A
of floral organs viz. sepals, petals, stam

ens and carpel or pistil. A
 flow

er having all the four types of floral organs is know
n as com

plete flow
er e.g., cotton. If 

one or m
ore of the floral organs are absent it is called incom

plete flow
er e.g., cucurbits. A

 flow
er having both the essential organs i.e., stam

ens and carpels is 
called herm

aphrodite or bisexual flow
er, e.g., China rose, w

hereas a flow
er having only one of the tw

o essential organs is know
n as unisexual flow

er e.g., m
ulberry. 

Flow
ers having only stam

ens are called stam
inate flow

ers and those having only carpels are called pistillate flow
ers. O

n the basis of sym
m

etry flow
er can be 

actinom
orphic (tw

o equal halves in any plane), zygom
orphic (tw

o equal halves in one plane), or asym
m

etrical.

CO
N

CEPT

M
A

P
FLO

RAL 
M

O
RPH

O
LO

G
Y

PEDIC
EL O

R 
STA

LK
l

 Low
er internode of flow

er.  
A

 flow
er w

ith pedicel is called 
pedicellate and one w

ithout 
it, is sessile. It m

ay bear 
bracteoles along w

ith 
the bracts. l

 The stam
ens m

ay be equal 
or unequal in length. W

hen there is 
tw

o long and tw
o short stam

ens, the 
co

n
d

itio
n

 is called
 d

id
yn

am
o

u
s, e.g., 

O
cim

um
. W

hen out of six stam
ens, four are longer 

in inner w
horls and tw

o in outer w
horl are shorter, 

the condition is called tetradynam
ous, e.g., m

ustard.
l

 D
ehiscence of anthers to expose the pollen grains 

can be longitudinal (long slits appear lengthw
ise e.g., 

m
ustard), transverse (breadthw

ise slits, e.g., M
alva), 

porous (pores appear at the tip e.g., Solanum
 or base 

e.g., Cassia), valvular (split at several places by lifting of 
surface layers, e.g., Barberry), irregular (e.g., N

ajas).
l

 Longitudinal dehiscence m
ay be laterorse (slits 

on sides), introrse (slits tow
ards the inner side 

or centre of the flow
er), extrorse (slits lie 

tow
ards the outer side of flow

er).

C
A

LYX
l

 O
uterm

ost w
horl m

ade up of sepals 
w

hich are usually green but som
etim

es 
coloured (i.e., petalloid). They protect the inner 

w
horls and carry out photosynthesis w

hen green. 
l

 Th
e sep

als m
ay b

e free (p
o

lysep
alo

u
s) o

r 
fused(gam

osepalous). They can be caducous (fall just at 
the tim

e of opening of bud, e.g., poppy), deciduous 
(attached till the flow

er w
ithers, e.g., m

ustard), persistent 
(rem

ain attached to the fruit, e.g., tom
ato).

l
 Sepals can be m

odified to form
 pappus (hairy structure 

w
hich helps in dispersal e.g., sunflow

er), leafy petalloid 
(large leaf like coloured structure, e.g., M

ussaenda), 
spinous (persistent and m

odified into spines, e.g., 
Trapa), spurred (draw

n out into beak or spur, e.g., 
Larkspur), hooded (m

odified into a hood, 
co

verin
g

 th
e w

h
o

le flo
w

er, e.g
., 

Aconitum
) or b

ilab
iate (tw

o
-

lipped, e.g., Salvia).

BRA
C

TS
l

 Specialised leaves from
 the axil of 

w
hich flow

er arise. They can be foliaceous 
(leaf-like e.g., Adhatoda), petaloid (like petals, 

e.g., Bougainvillea), scaly (m
em

branous, sm
all 

e.g., sunflow
er), spathy (large, boat-shaped bract 

enclosing an inflorescence, e.g., banana, m
aize), 

glum
es (sm

all, dry, scaly as in spikelet of Poaceae ).
l
�There are one or m

ore w
horls of bracts found at 

the base of calyx w
hich form

 epicalyx in m
ost 

m
em

b
ers o

f M
alvaceae, e.g., C

h
in

a ro
se. 

Som
etim

es, bracts are in one or m
ore w

horls 
around and b

elow
 the entire inflore-

scence, e.g., coriander and are called 
involucre.

THA
LA

M
US 

(Torus/Receptacle)
l

 Broadened or sw
ollen part of the flow

er w
hich 

lies at the tip of the pedicel and bears floral organs.
l

 In m
ost flow

ers the thalam
us is condensed but in som

e, 
one or m

ore internod
es elongate viz. anth

op
h

ore 
(internode b

etw
een calyx and

 corolla e.g., D
ianthus), 

androphore or gonophore (internode betw
een corolla and 

androecium
, e.g., Passiflora), gynophore (internode betw

een 
androecium

 and gynoecium
, e.g., Capparis), gynandrophore or 

androgynophore (both androphore and gynophore present, e.g., 
G

ynandropsis pentaphylla), carp
op

h
ore (the thalam

us in 
betw

een the tw
o carpels elongates and after bifurcation 

protrudes out of the tw
o carpels, e.g., Coriandrum

).
l

 O
n the basis of relative position of floral organs on 

thalam
us flow

er m
ay be epigynous (ovary inferior, 

p
lace

d
 b

e
lo

w
 o

th
e

r w
h

o
rls, e.g

., g
u

ava), 
hypogynous (ovary superior, e.g., China rose), or 

perigynous (ovary half superior or half 
inferior and thalam

us m
ay be disc e.g., 

pea, cup e.g., Prunus or flask 
e.g., rose shaped).

G
YN

O
EC

IUM
l

 Central, fem
ale reproductive part 

w
h

ich
 d

evelo
p

s fro
m

 th
alam

u
s an

d 
consists of carpels (m

egasporophylls). 
l

 Each carpel consist of–  stig
m

a (th
e tip

 w
h

ich 
receives p

o
llen

), style (elo
n

g
ated

 stru
ctu

re 
connecting stigm

a and ovary), ovary (low
er sw

ollen 
part containing ovules).
l

 O
n the basis of num

ber of carpels present, it can be 
m

oncarp
ellary (one carpel only) or m

ulticarp
ellary 

(m
any carpels) w

hich can be apocarpous (carpels free e.g., 
Ranunculus) or syncarpous (carpels fused e.g., Petunia).
l

 O
n the basis of num

ber of locules (cham
ber) present in 

the ovary, it can be unilocular (pea), bilocular 
(m

ustard), trilocular (Asparagus), tetralocular 
(O

cim
um

), p
entalocular (C

hina rose) or  
m

ultilocular (Althaea).

A
N

DRO
EC

IUM
l

 Third
 and m

ale w
horl of the flow

er m
ade up of 

stam
en

s (m
icro

sp
o

ro
p

h
ylls) w

h
ich

 co
n

sist o
f 

filam
ent (low

er stalk-like part w
hich m

ay be absent in 
som

e), anther (upper sw
ollen part usually having tw

o lobes or 
theca i.e., bithecous or in som

e m
onothecous, e.g., Althaea) and 

connective (sterile band w
hich connects tw

o anther lobes). In Salvia, 
connective form

s a long curved structure, its one end has a fertile anther 
lobe and other has a sterile anther lobe. Stam

ens m
ay be shorter than other 

w
horls (inserted) or m

ay protrude out of the flow
er (exserted).

l
 O

n the basis of attachm
ent to the filam

ent, anthers can be adnate (filam
ent runs 

along the back of the anther or becom
es continuous w

ith the connective, e.g., 
Ranunculus), basifixed (filam

ent fixed at anther its base, e.g., D
atura), dorsifixed 

(filam
ent attached to back and anther im

m
obile, e.g., Passiflora), versatile (filam

ent 
attached to back and the anther can sw

ing freely, e.g., grasses). 
l

 The cohesion betw
een the stam

ens m
ay be m

onadelphous (all the filam
ents 

united into a single bundle, anthers free, e.g., China rose), diadelphous (filam
ents 

united in tw
o bundles, anthers free, e.g., pea), polyadelphous (filam

ents united 
into m

ore than tw
o bundles, anthers free, e.g., castor), syngenesious (anthers 

united into a bundle, filam
ents free, e.g., sunflow

er), synandrous (anthers as 
w

ell as filam
ents united throughout the length, e.g., Colocasia). The free 

stam
ens are called polyandrous.

l
 O

n the basis of adhesion of stam
ens to flow

er, it can be 
ep

ip
hyllou

s (attached
 to p

erianth, e.g., A
sphodelus), 

ep
ip

etalo
u

s (attach
ed

 to
 p

etals, e.g., D
atura), 

gynand
rous (attached to gynoecium

, e.g., 
Calotropis).

C
O

RO
LLA

l Second w
horl inner to calyx m

ade up of petals 
w

hich protects the inner w
horls and attracts insects 

for pollination. Corolla m
ay be polypetalous (petals free) 

or gam
opetalous (petals fused).

l
 Po

lyp
etalo

u
s co

ro
lla m

ay b
e cru

cifo
rm

 (four claw
ed

 or 
unguiculate petals arranged cross w

ise e.g., m
ustard), caryophy-

llaceous (five unguiculate or claw
ed petals w

ith lim
bs placed at right 

angles, e.g., D
ianthus), rosaceous (five or m

ore sessile or shortly claw
ed 

petals w
ith lim

bs spread regularly outw
ards, e.g., rose), cam

panulate or bell-
shaped (e.g., Physalis), papilionaceous (five unequal or irregular petals viz. 
1 standard or vexillum

 – posterior largest–, 2 w
ings or alae –lateral, sm

aller– and 
2 anterior petals fused together to form

 keel or carina). 
l

 G
am

opetalous corolla m
ay be cam

panulate (bell-shaped or inverted cup 
shaped e.g., Cam

panula), urceolate (urn-shaped e.g., Bryophyllum
), tubular 

(tube-like or cyclindrical e.g., disc floret of sunflow
er), infundibuliform

 (funnel 
shaped e.g., Petunia), rotate (corolla w

ith short tube having lim
bs placed 

transversely like a saucer or the spokes of a w
heel, e.g., Solanum

 nigrum
), 

salver shaped or hypocrateriform
 (tubular corolla w

ith spreading lobes, 
e.g., Clerodendrum

), bilabiate (bilipped corolla w
ith gaping, w

ide open 
m

outh, e.g., O
cim

um
), personate (bilipped corolla w

ith closed lips, 
e.g., Antirrhinum

), ligulate or strap-shaped (short and narrow
 

tube-like corolla w
ith upper part flattened like a strap, e.g., 

ray floret of sunflow
er), spurred (one or m

ore petals 
draw

n out like a beak or spur, e.g., Larkspur). 

A
ESTIVA

TIO
N

l
 A

rrangem
ent of petals (or sepals) in a 

flow
er bud w

ith respect to m
em

bers of the 
sam

e w
horls w

hich can be open (m
argins of 

adjacent petals sufficiently apart from
 each other), 

valvate (m
argins of the adjacent petals lie close, 

w
ithout overlapping, e.g., m

ustard), tw
isted or contorted 

(one m
argin of a petal overlaps the m

argin of an adjacent 
petal (external) and the other m

argin is overlapped (internal) 
by the m

argin of adjacent petal, e.g., China rose), im
bricate 

(one petal external, one internal; and of the rem
aining three 

petals one m
argin is overlapped, other overlapping, e.g., 

Cassia), quincuncial (special type of im
bricate aestivation 

in w
hich tw

o petals external, tw
o internal and in one 

petal one m
argin is overlapped, one is overlapping, 

e.g., calyx o
f C

ucurbita m
axim

a), vexillary 
(posterior petal overlapping the tw

o lateral 
petals, the latter overlapping the tw

o 
anterior petals, e.g., pea).

Style

Stigm
a

O
vary

A
nther

Filam
ent

O
vule

PLA
C

EN
TA

TIO
N

l
 A

rrangem
ent of placenta (w

hich bear 
ovules) on the ovary w

all w
hich can be :

(i) M
arginal : O

ne or tw
o longitudinal alternate 

row
s of ovules along the ventral suture in unilocular 

ovary, e.g., pea, Cassia etc. 
(ii) Parietal : O

vules on w
alls of bi–m

ulticarpellary but 
unilocular ovary e.g., Argem

one. 
(iii) A

xile : In m
ulticarpellary, syncarpous, m

ultilocular 
gynoecium

; m
argins fuse at the centre of the ovary to form

 
an axis w

hich bears ovule e.g., Solanum
. 

(iv) Free central : U
nilocular ovary w

ith ovules borne on 
central axis e.g., D

ianthus.
(v) Basal : O

vary unilocular w
ith a single ovule at its 

base, e.g., sunflow
er.

(vi) Superficial : M
ulticarpellary, syncarpous 

g
ynoecium

 b
ears a larg

e num
b

er of 
ovules that are borne on the w

alls of 
loculi w

ithout specific order, 
e.g., N

ym
phaea.

Pollens
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Fig.: Internal structure of heart of frog (ventral view
)

W
all of ventricle

Colum
nae carneae

Fissures

Chordae tendineae

Auriculo 
ventricular valve

Inter-auricular 
septum

Sinu-auricular 
aperture

O
pening of 

pulm
onary veins

Left auricle

O
pening leading to 

pulm
ocutaneous arch

Pulm
ocutaneous arch

System
ic arch

Carotid arch
Aortic trunks

Synangium

W
all of truncus 

arteriosus
A

nterior row
 of 

sem
ilunar valves

Cavum
 aorticum

 
Spiral valve 

Cavum
pulm

ocutaneum

Posterior row
 of 

sem
ilunar valves

Pylangium

Right auricle

C
irculatory System

l
Circulatory system

 of frog is closed and includes heart, arterial 
system

, venous system
, blood

 and lym
phatic system

.
l 

H
eart is three cham

bered m
ade up of tw

o anterior atria or auricles 
and a single posterior ventricle. Tw

o additional cham
bers are sinus 

venosus and truncus  arteriosus.
l 

The tw
o auricles, right (larger) and left, are com

pletely separated 
from

 each other by inter-auricular septum
. Both auricles open into 

single ventricle by a com
m

on large auriculo-ventricular aperture 
guarded by tw

o pairs of  auriculo-ventricular valves.
l 

The inner surface of ventricle has irregular ridges called colum
nae 

carneae or trabeculae, w
ith depressions called fissures

.

Toes
Pes (foot) Crus (shank )

A
nus

Thigh

D
orsolateral 

derm
al plicae

D
igits

M
anus

A
ntebrachium

Brachium

External nares
(for respiration)

Eye

N
ictitating m

em
brane

(protects the eye during
sw

im
m

ing and keeps
it m

oist in air)
Tym

panum
 (receives

sound w
aves)

H
ead

Forelim
b

Trunk

H
indlim

b

Fig.: D
orsal view

 of frog
W

eb

FRO
G

Frog belongs to the Class A
m

phibia of Phylum
 Chordata. Frogs are found around ditches, 

ponds, m
arshes, lakes and stream

s. They can live in w
ater as w

ell as on land hence called 
am

phibians. The com
m

on Indian frog is R
a

n
a

 tig
rin

a.

CO
N

CEPT

M
A

P
l 

 Body of a frog is pointed anteriorly and rounded 
posteriorly. It is slightly flattened dorsoventrally, 
stream

lined to sw
im

 through w
ater and divisible into 

head and trunk w
ithout neck and tail.

l 
Skin of frog is thin, m

oist, sm
ooth, slim

y and green 
coloured w

ith black or brow
n spots dorsally and 

lighter pale yellow
 ventrally. There are no scales or 

any other hard exoskeleton parts.
l 

Skin of back has dorsolateral folds or thickenings 
called derm

al plicae.
l 

H
ead is roughly triangular w

ith a short blunt anterior 
snout term

inating in a large transverse m
outh. It 

bears external nares or nostrils, eyes, brow
 spot and 

ear drum
s on the upper side.

l 
Frogs have tw

o large and protruding eyes, having an 
alm

ost im
m

ovable upper eyelid and a thin sem
i-

transparent and freely m
ovable low

er eyelid. From
 

low
er eyelid arises nictitating m

em
b

rane that 
protects eyes during sw

im
m

ing.
l 

Vocal sacs act as resonators to intensify sound of 
croaking during breeding season.

l 
Trunk consists of thorax, abdom

en and a pair of 
forelim

b and hindlim
b.

l 
Frog

 show
s sexu

al d
im

o
rp

h
ism

 as m
ale frog 

possesses developed vocal sacs and nuptial pad 
during breeding season and their body is som

ew
hat 

slender and darker in colour than fem
ale frog.

Digestive System
l 

 The digestive system
 m

ainly consists of alim
entary canal and its 

associated glands.
l 

M
outh leads into a buccopharyngeal cavity w

hich opens into 
oesophagus through gullet.

l 
Stom

ach is situated behind the oesophagus and divisible into 
cardiac stom

ach and pyloric stom
ach.

l 
The sm

all intestine is divisible into an anterior duodenum
 and a 

posterior ileum
. D

igestion of food and absorption of digested food 
occur in the sm

all intestine.
l 

Ileum
 leads to rectum

 or large intestine. The rectum
 opens into the 

cloaca through the anus.
l 

D
igestive glands of frog include liver, pancreas, gastric glands and 

intestinal glands.

M
orphology

A
natom

y
A

nterior 
choroid 

plexus

Posterior
choroid 

plexus

O
lfactory nerve

O
lfactory lobe

Cerebral 
hem

isphere

O
ptic lobe 

Central canal

D
iencephalon

Cerebellum

M
edulla 

oblongata

Spinal cord

Pineal body
Pineal stalk

ForebrainMidbrain

Hindbrain

Fig.: D
orsal view

 of brain of frog

H
yoid apparatus

G
lottis

Laryngotracheal 
cham

ber

Intact lung

Blood 
capillaries

W
all of lung

Cavity of lung 
Septa

A
lveoli

Fig.: Lungs of frog

Respiratory System
Adult frog respires by three different  types of respiration:
l

 
Cutaneous respiration : It occurs through the highly vascular skin of  frog 
in w

ater or land.
l 

Buccopharyngeal respiration : It occurs on land or during partial 
im

m
ersion in w

ater via m
ucous epithelial lining of buccopharyngeal 

cavity.
l 

Pulm
onary respiration : It  is less frequent and takes place through lungs 

in adult frog w
hen the frog is outside the w

ater. 

N
ervous System

l
 

It is highly developed and com
prises of:

 
– 

 Central nervous system
 (CN

S) includes brain and spinal cord. Brain is 
covered by tw

o m
eninges; duram

ater (outer) and pia-arachnoid (inner). 
Brain is divisible into three parts: Forebrain, m

idbrain and hindbrain. 
Spinal cord is located in the vertebral colum

n and joins the m
edulla 

oblongata via foram
en m

agnum
 of the cranium

 (brain case).
 

– 
Peripheral nervous system

 (PN
S) includes 10 pairs of cranial nerves 

th
and 9 pairs of spinal nerves . Rarely 10

 (paired or unpaired) spinal 
nerve is found.

 
– 

A
utonom

ic 
nervous 

system
 

is 
m

ade 
up 

of 
sym

pathetic 
and 

p
arasym

p
athetic 

nerves 
w

hich 
controls 

and 
coordinates 

the 
involuntary activities of the visceral organs.

l 
Five 

types 
of 

sense 
organs 

are 
skin 

(tangoreceptor), 
taste 

buds 
(gustatoreceptor), nasal cham

bers (olfactoreceptor), eyes (photoreceptor) 
and ears (stato-acoustic organs).

Urinogenital System
l

 
In frogs, the excretory and reproductive system

s are closely associated, hence they are together called urinogenital system
. 

l 
Excretory system

 com
prises of kidneys, ureters in fem

ales, urinogenital ducts in m
ales, cloaca and urinary bladder. Kidneys 

are the chief excretory organs w
hich are m

ade up of large num
ber of uriniferous tubules or nephrons. 

l 
From

 the kidneys, arise ureter in fem
ales and urinogenital duct in m

ales.
l 

Cloaca receives faecal m
atter, genital products and urine (from

 kidney). Ventrally it is attached to urinary bladder.
l 

In m
ales, near each kidney there is a cylindrical testis from

 w
hich several thin vasa efferentia, connecting the testes to 

kidneys on each side. The vasa efferentia run transversely through m
esorchium

 and open into the Bidder’s canal w
hich in 

turn opens into the ureter. H
istologically, each testis is a com

pact m
ass of sem

iniferous tubules, the epithelial lining of 
w

hich produces sperm
s. The sperm

s w
hen m

ature are dropped into the lum
en to pass into the ureter through vasa 

efferentia and Bidder’s canal. 
l 

Fem
ales have tw

o ovaries w
here ova are produced by ovarian follicles. O

n each side of an ovary is an oviduct w
hich starts 

posteriorly and form
s uterus, w

hich opens into the cloaca. D
uring breeding season ova are released into the coelom

 and 
then they reach the ovarian funnels from

 w
here they pass to the ovisacs, cloaca and then outside.

l 
 Egg of frog is telolecithal.

Fat body

Testis

Adrenal gland

Left kidney

U
rinogenital duct 

(carries urine
and sperm

)

Sem
inal vesicle

Cloacal cham
ber

Cloacal aperture

Part of 
rectum

U
rinary 

bladder

Fig.: U
rinogenital system

 of m
ale frog

Part of oesophagusO
stiumO

varian funnel

Fat body

O
vary

Kidney
Adrenal gland

O
varian tube

U
reter 

(carries urine)

O
visac

U
rinary

bladder

Fig.: U
rinogenital system

 of f em
ale frog

Cloacal aperture

Cloacal cham
ber

Cystic duct
O

esophagus

Left lobe of liver
Bile duct

Pancreatic ducts

Pancreas
Stom

ach

H
epatopancreatic

duct

Pyloric constriction
D

uodenum
Ileum
Spleen

Rectum

Cloaca

Cloacal aperture

U
rinary bladder

M
esentery

G
all bladder

Right lobe
of liverFig.: A

lim
entary canal (except

buccopharyngeal cavity) of frog

M
esorchium
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Plant grow
th regulators or horm

ones are broadly classified into tw
o categories.

A
uxin

N
ature: W

eakly acidic grow
th horm

one having an unsaturated ring structure. Auxins refer to natural (IA
A

, PA
A

, IA
N

) and 
synthetic (Indole 3-butyric acid, N

A
A

, 2, 4-D
, 2, 4, 5-T) com

pounds having sim
ilar structure and properties.

D
iscovery: D

arw
in (1880) w

as first to find sensation of unilateral illum
ination in the coleoptile tip of canary grass. Later 

Kogl and Sm
ith (1931) isolated three chem

icals from
 hum

an urine w
hich they nam

ed as auxin a , auxin b and hetero 
auxin. IA

A
 is the universal natural auxin.

Location: It is found in shoot apices, leaf prim
ordia and developing seeds and is synthesised from

 am
ino acid tryptophan, 

a precursor of IA
A

 or auxins.
Bioassay: Avena curvature test and root grow

th inhibition test are done for exam
ining auxin effect.

Physiological functions:
l 

Prom
otes cell enlargem

ent and division and initiates root form
ation on stem

 
cuttings .

l 
Cam

bial activity and xylem
 differentiation is also regulated by auxins.

l 
Show

s apical dom
inance i.e ., inhibits the grow

th of lateral buds.
l 

Prevents or delays abscission as w
ell as induces synthesis of ethylene.

l 
Produces tropic plant responses like phototropism

 and geotropism
.

l 
Show

s fem
inising effect on som

e plants.
C om

m
ercial uses:

l 
In tissue and organ culture to form

 callus and initiate rooting.
l 

To produce parthenocarpic fruits.
l 

Auxins like 2, 4-D
 and 2, 4, 5-T acts as w

eedicides by being selectively harm
ful to broad leaved dicot w

eeds.
l 

Induces flow
ering in litchi and pineapple.

l 
N

A
A

 increases the num
ber of dw

arf shoots and fruits on them
.

l 
Prevents pre-harvest fruit drop of orange and apple (by low

 concentration of 2, 4-D
) and tom

ato (by N
A

A)

G
ibberellin

N
ature: W

eakly acidic grow
th horm

one having gibbane ring structure.
D

iscovery: H
ori and Kurosaw

a discovered the active substance from
 filtrate 

of fungus, G
ibberella fujikuroi (causing bakane disease in rice plants) and 

nam
ed it gibberellin. G

A
 w

as first gibberellin to be isolated in its pure form
 

3
and rem

ains the m
ost extensively studied.

Location:  The m
ajor sites of gibberellin production in plants are em

bryos, 
roots and young leaves near the shoot tip. M

evalonic acid (derived from
 

acetyl Co-A) acts as precursor for synthesis of gibberellins. It is transported 
through sim

ple diffusion as w
ell as via conducting channels.

Bioassay: Barley endosperm
 test and germ

ination of dw
arf pea seeds are used as bioassays.

Physiological functions: 
l 

Stim
ulates stem

 elongation and leaf expansion.
l 

O
vercom

e natural dorm
ancy of buds, tubers, seeds etc.

l 
Induces elongation of reduced stem

 or bolting in rosette plants e .g., henbane, cabbage.
l 

Prom
otes seed germ

ination by inducing production of hydrolytic enzym
es for solubilising reserve food.

l 
Prom

otes flow
ering in long day plants during non-inductive period.

l 
Controls fruit grow

th and developm
ent as w

ell as induces parthenocarpy.
l 

Prom
otes form

ation of m
ale flow

ers on fem
ale plants e.g., Cannabis. They can also replace fem

ale flow
ers w

ith m
ale 

ones on m
onoecious plants of cucurbits.

Com
m

ercial uses: 
l 

Exogenous application of G
A

 and G
A

 m
ixture to increase the num

ber and size of fruits e.g., apple, grapes, tom
ato.

4
7

l 
Production of seedless pom

aceous fruits by parthenocarpy.
l 

G
A

 delays senescence of fruits and delays its ripening thus, extending its shelf life and storage period.
7

l 
Induces offseason flow

ering in m
any long day plants as w

ell as those requiring vernalisation.
l 

A
pplication of gibberellins increases length of stem

 and yield of sugarcane.
l 

Prom
otes early m

aturity resulting in seed production in juvenile conifers.

CH
CO

O
H

2

NH
IN

D
O

LE-ACETIC ACID
(IA

A
)

O

CO

H
O

CH
3

CO
O

H

O
H

CH
2

Ethylene
N

ature: It is the only gaseous phytohorm
one w

hich 
stim

ulates transverse or isodiam
etric grow

th but 
retards the longitudinal one.
D

iscovery: R. G
ane (1934) found that 

su
b

stan
ce cau

sin
g

 rip
en

in
g

 w
as 

ethylene. But it w
as recognised as a 

plant horm
one by Crocker et al (1935).

Location: It is found in alm
ost all parts of plants in 

m
inim

al am
ount but m

axim
um

 production occurs 
during ripening of fruits and in tissues undergoing 
sen

escen
ce. It is syn

th
esised

 fro
m

 am
in

o
 acid 

m
ethionine in plants.

Bioassay: The 'triple response' of etiolated pea plant 
and gas chrom

atographic assay are used as bioassays.
Physiological functions:
l 

Prom
otes apical dom

inance and prolongs dorm
ancy 

o f lateral buds but breaks the dorm
ancy of buds, 

seeds and storage organs.
l 

Induces abscission and senescence of various parts 
i.e., leaves, flow

ers and fruits etc.
l 

Induces epinasty, a phenom
enon w

hich decreases 
the sensitivity to gravity. 

l 
H

elps in root initiation, grow
th of lateral roots and 

root hairs.
l 

Stim
ulates flow

ering in pineapple and other related 
plants and helps in synchronising fruit set.

l 
Induces ripening of fleshy clim

acteric fruits and 
dehiscence of dry fruits.

Com
m

ercial uses:
l 

Ethylene lam
ps are used for ripening of fleshy fruits 

e.g., banana, m
ango, apple, tom

ato.
l 

Ethylene is used to induce fem
inising effect e.g., 

num
b

er of fem
ale flow

ers and
 thus fruits in 

cucum
ber.

l 
Ethylene also perm

its thinning of excess flow
ers 

and young fruits so as to allow
 better grow

th of 
rem

aining fruits.

Growth Inhibiting Hormones

Growth Promoting Hormones

A
bscisic A

cid
N

ature: It is a m
ildly acidic grow

th horm
one w

hich acts 
as a general grow

th inhibitor. It is also called as stress 
horm

one since its production is stim
ulated under 

conditions of drought, w
ater logging and adverse 

environm
ental conditions.

D
iscovery: The horm

one w
as first isolated by Addicott 

et al (1963) from
 cotton bolls.

Location: It is found in m
any parts of the plant but is 

m
ore abundant in chloroplast of green cells. It is 

synthesised from
 m

evalonic acid or xanthophyll.
Bioassay: Rice seedling grow

th inhibition test and 
inhibition of a

-am
ylase synthesis in barley endosperm

 
are used as bioassay.
Physiological functions:
l 

Induces dorm
ancy of buds, seeds and underground 

stem
s, hence also called as dorm

in.
l 

Prom
otes abscission of flow

ers and fruits. 
l 

In
d

u
ces sen

escen
ce of leaves b

y p
rom

otin
g 

degradation of chlorophyll and proteins.
l 

Stops cam
bium

 activity (in vascular cam
bium

) 
tow

ards the approach of w
inter.

l 
Inhibits seed germ

ination by inhibiting gibberellin 
m

ediated am
ylase form

ation.
l 

It is antagonist to gibberellin and counteracts the 
effect of grow

th prom
oting horm

ones-auxins and 
cytokinins.

Com
m

ercial uses:
l 

U
sed as antitranspirant (as application of even 

m
inut e quantities of A

BA
 on leaves causes partial 

closure of stom
ata), thus, preventing transpiration 

as w
ell as reducing photosynthesis.

l 
Induces flow

ering in som
e short day plants, even 

under unfavourable photoperiods.
l 

External application on stem
 cuttings initiate 

r ooting.
l 

Induces parthenocarpic  developm
ent in rose.

l 
U

sed in prolonging dorm
ancy of buds, storage 

or gans and seeds.

C
ytokinin

N
ature: These are basic horm

ones, being derivatives of either am
inopurine or phenyl urea that prom

ote cytokinesis.
D

iscovery: The first cytokinin w
as discovered from

 autoclaved herring sperm
 D

N
A

 w
hich stim

ulated cell division in 
tobacco pith cells. It is called kinetin and does not occur naturally in plants.
The first natural cytokinin w

as obtained from
 unripe m

aize grains, called zeatin 
(6-hydroxy 3-m

ethyl trans 2-butenyl am
ino purine).

It is found in coconut m
ilk.

Location: It is m
ainly found in roots, how

ever it is also synthesised in endosperm
 regions 

of seeds, grow
ing em

bryos, young fruits and developing shoot buds.
Bioassay: Tobacco pith culture, retardation of leaf senescence and excised radish 
cotyledon expansion are used as bioassays for cytokinins.
Physiological functions: 
l 

Prom
otes cell division. 

l 
Essential for m

orphogenesis and differentiation of tissues and organs. 
l 

D
elays senescence by m

obilisation of nutrients.
l 

O
vercom

e apical dom
inance caused by auxins and prom

ote lateral bud developm
ent.

l 
Induces accum

ulation of salts inside cells and help in phloem
 transport.

l 
Prom

otes fem
aleness in flow

ers.
C om

m
ercial uses: 

l 
Form

s essential com
ponent of tissue culture as required for m

orphogenesis.
l 

A
pplication of cytokinin increases the shelf life of flow

ers and vegetables, keeping them
 fresh for longer periods.

l 
H

elps in developing resistance to pathogens and extrem
es of tem

perature, in plants.
l 

D
elays senescence of intact plant parts.

C
H

 C
HH

H

C H5
O

H
1

6
54

3
2

O
CH

3

H
C3

CH
3

 C4

C CH
3

3
C21CO

O
H

cis

H

trans

H

CO
N

CEPT

M
A

P
PH

YTO
H

O
RM

O
N

ES

NH N

N

N

N
H

CH
CH

2
C

CH
3

CH
O

H
2

Zeatin

PH
YTO

H
O

RM
O

N
ES

Phytohorm
ones refer to a chem

ical substances other than nutrient m
olecules produced naturally in 

plants. They m
ay be translocated to another region and are capable of regulating one or m

ore 
physiological reactions, w

hen present in low
 concentrations.
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·��It is also called backbone or spine. It 
is curved, vertical rod, about 70 cm

 
long, in the m

id-dorsal line of the 
neck and trunk. It consists of 33 
vertebrae. H

ow
ever it consists of 26 

bones, because five sacral vertebrae 
are fused to form

 one sacrum
 and 

four coccygeal vertebrae are fused to 
form

 one coccyx.
·��A

 typical vertebra has a large, disc-like 
an

terio
r, flatten

ed
 p

o
rtio

n
, th

e 
centrum

 or body and a posterior 
portion, the neural arch

. The latter 
encloses the spinal cord. The hole form

ed 
b

y the neural arch is the verteb
ral 

foram
en. The vertebral foram

ina of all 
tw

enty four vertebrae form
 the vertebral canal or neural canal.

·��Vertebrae are categorised into five groups: cervical (7), thoracic (12), 
lum

bar (5), sacral (5) and coccygeal (4).
·��Vertebral colum

n displays four curves to enhance balancing pow
ers and firm

ness for 
upright posture of the body. These curvatures are cervical, thoracic, lum

bar and pelvic 
(=sacral).

·� Betw
een the centre of adjacent vertebrae there are elastic pads of fibrocartilage, the 

intervertebral discs w
hich provide m

obility to the vertebrae, check undue frictions and 
take up shocks.

·� Vertebral colum
n carries the w

eight of the body in m
otion and w

hen the organism
 is standing.

V
ERTEBRA

L CO
LU

M
N

7 Cervical vertebrae
(neck backbones)

12 Thoracic vertebrae
(chest backbones)

Intervertebral disc

5 Lum
bar vertebrae

(low
er backbones)

Sacrum
 (5 fused

pelvis backbones)
Coccyx

·��Skull is the bony fram
ew

ork of the head.
·��It consists of 29 bones, separated by sutures. These bones 

are cranial bones (8 flattened bones form
ing the brain 

box or cranium
), facial bones (14 bones form

ing the front 
part of the skull), hyoid bone (single bone form

ing floor of 
the buccal cavity) and bones of m

iddle ear (3 sm
all bones 

in each ear, nam
ely m

alleus, incus and stapes).
·��The bones of cranium

 are : 1 frontal bone, 2 parietal bones, 
2 tem

poral bones, 1 occipital bone, 1 sphenoid bone and 
1 ethm

oid bone.
·��Tem

poral bone has a projection called m
astoid 

process.
�������������

·�The cranium
 has tw

o sm
all protuberances at the 

posterior end called occipital condyles, that articulate w
ith the first vertebra (atlas 

vertebra), thus, hum
an skull is dicondylic.

·�14 bones form
 the skeleton of face viz. 2 zygom

atic, 2 m
axilla, 2 nasal, 2 

lacrim
al, 1 vom

er, 2 palatine, 2 inferior nasal conchae and 1 m
andible.

·��H
yoid is a u-shaped bone w

hich attaches tongue w
ith the floor of buccal 

cavity. It does not articulate w
ith any other bone.

·��A
 large hole called foram

en m
agnum

 at the base of skull allow
s the 

brain to continue into the spinal cord located in the backbone.
·

Skull protects our brain; it bears jaw
s w

hich help in m
astication of food, 

etc.

Frontal bone

N
asal bone

Zygom
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M
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M
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M
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CO
N

CEPT

M
A

P
H

UM
AN

 SKELETO
N

H
um

an skeleton constitutes the rigid fram
ew

ork of connected 
bones that gives shape to the body, protects and supports its 
soft organs and tissues and provides attachm

ents for m
uscles. 

H
um

an skeleton is m
ade up of 206 bones (300 bones in 

new
borns) w

hich are distributed into axial and appendicular 
skeleton.

·
It is situated at the lateral sides w

hich actually extend outw
ards from

 the principal axis.
·

It consists of tw
o girdles, the pectoral and pelvic girdles and the bones of arm

s and 
legs.

RIBS

·
The ribs are thin, flat, curved bones that form

 a protective cage around the organs in the upper body.
·

Ribs com
prise of 24 bones arranged in 12 pairs. Each rib rem

ains attached to the respective thoracic 
vertebra.

th
th

·
The first seven pairs of ribs are attached directly w

ith the sternum
 and are called true ribs. The 8

, 9
 and 

th
10

 pairs of ribs do not articulate directly w
ith sternum

, but join the seventh rib by hyaline cartilage. These 
th

th
are called vertebrochondral ribs or false ribs. The last tw

o (11
 and 12

) pairs of ribs rem
ain free 

anteriorly and are not attached either to sternum
 or cartilage of another rib, and are called floating ribs.

·
A

 typical rib consists of 2 parts : vertebral and sternal. The vertebral part is long and bony. It articulates w
ith 

the thoracic vertebrae.
·

The sternal part is short and cartilaginous. It articulates w
ith the sternum

 or sternal part of its upper rib.

STERN
U

M
·�This is a flat bone w

hich is present just under the 
skin in the m

iddle of the front of the chest. It is about 
15 cm

 long.
·��Its shape is like a dagger and consists of three parts—

the 
m

anubrium
 is the upperm

ost part, the body is the m
iddle portion 

and the xiphoid process is the tip of the bone.
·��The true ribs (7 pairs) are attached to the sternum

.
·�It protects the internal organs in the thoracic region and helps in the 

respiratory m
echanism

.

Body

Sternal
angle

M
anubrium

Xiphoid
process

Clavicular
notchFacets for

attachm
ent

of ribs 1-7

FO
RELIM

BS
·

Each arm
 has 30 bones, w

hich constitute 1 hum
erus (upper arm

), 1 
ra

d
iu

s a
n

d
 1

 u
ln

a
 (lo

w
e

r a
rm

), 8
 ca

rp
a

ls (w
rist),

5 m
etacarpals (palm

) and 14 phalanges (digits).
·

The hum
erus is the longest bone in the upper extrem

ity.
·

A
t the bottom

 of the hum
erus, are tw

o depressions w
here it 

connects to the ulna and radius of the forearm
.

·
Together, the hum

erus and the ulna m
ake up the elbow

, ulna is 
longer than the radius. Radius, how

ever, contributes m
ore to the 

m
ovem

ent of the w
rist and hand than the ulna.

· 
Each w

rist is com
posed of eight carpals w

hich are 
arranged in tw

o row
s : scaphoid, lunate, triquetrum

 and 
pisiform

 in proxim
al row

 and trapezium
, trapezoid, 

capitate and ham
ate in distal row

.
·�  The forelim

bs give support to the shoulders by articulating 
the head of the hum

erus w
ith the glenoid cavity of the 

pectoral girdle.

·
Each pectoral girdle consists of tw

o bones : 1 
clavicle and 1 scapula. The scapula (shoulder 
blade) consists of a sharp ridge, the spine and a 
triangular body. The end of the spine projects as a 
flattened and expanded process called acrom

ion. 
This process articulates w

ith the clavicle. 
· 

A
t the lateral end of the superior of the scapula is a 

projection of the anterior surface called the coracoid 
process, to w

hich the tendons of the m
uscles 

attach. A
t the point w

here the superior and 
lateral borders of the scapula m

eet there is the lateral angle w
hich 

presents a shallow
 articular surface term

ed as glenoid cavity into 
w

hich the head of the hum
erus is articulated.

·��The prim
ary function of the pectoral girdle is to provide an 

attachm
ent point for the num

erous m
uscles that allow

 the shoulder 
and elbow

 joints to m
ove.

M
anubrium

 of sternum
Coracoid
process

Clavicle
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H
IN

D
LIM

BS
·

Each leg has 30 bones w
hich constitute 1 fem

ur, 1 patella, 1 tibia, 1 fibula, 7 tarsals, 5 
m

etatarsals and 14 phalanges.
·

Fem
ur, tibia and fibula bones together support the shank of the leg. The tarsals form

 the 
ankle, m

etatarsals form
 the sole and phalanges form

 the digits of the foot.
·

The fem
ur is the longest, largest, and strongest bone in the body w

hose head fits into the 
acetabulum

 of hip girdle. 
·

The tibia connects to the fem
ur to form

 the knee joint and w
ith the talus, a foot bone, to 

allow
 the ankle to flex and extend.

·
The tibia is larger than the fibula because it bears m

ost of the w
eight, w

hile the fibula 
serves as an area for m

uscle attachm
ent.

·
Fibula is shorter, thinner and slender. 

·
Each ankle is com

posed of seven tarsals w
hich are calcaneum

, talus, cuboid, navicular 
and first, second, third cuneiform

s.
·

The leg bones carry the w
eight of the body and are involved in propulsion and support.

·
The p

elvic g
ird

le, also 
called the hip girdle, is 
com

p
osed of tw

o coxal 
(hip) bones.

·
The coxal bones are also 
called the ossa coxae or 
innom

inate bones.
·

Each coxal bone consists 
of three separate parts : 
th

e
 iliu

m
 (sh

o
rt an

d 
straight bone), the ischium

 (low
er elongated bone, running parallel to 

vertebral colum
n) and the pubis (inner, sm

aller bone).
·

O
n its outer surface it has a deep depression called the acetabulum

 w
hich, 

w
ith alm

ost spherical head of the fem
ur, form

s the hip joint.
·

It supports the w
eight of the body from

 the vertebral colum
n. It also protects 

and sup
p

orts the low
er organs, including the urinary b

ladder, the 
reproductive organs, and the developing foetus in case of a  pregnant 
w

om
an.

PELV
IC G

IRD
LE

Ilium

Pubis
Ischium

SacrumCoccyx
Acetabulum

Pubic
sym

physis
Pubic arch

·
It lies along the longitudinal axis of the body; supports and protects the organs of the 
head, neck and trunk.

·
It includes skull, vertebral colum

n, sternum
 and ribs .

PECTO
RA

L G
IRD

LE
SKU

LL

A
PPEN

DIC
ULA

R SKELETO
N

. The latter 
encloses the spinal cord. The hole form

ed 
verteb

ral 

 Vertebral colum
n carries the w

eight of the body in m
otion and w

hen the organism
 is standing.

The cranium
 has tw

o sm
all protuberances at the 

. The latter 
encloses the spinal cord. The hole form

ed 
verteb

ral 

 Vertebral colum
n carries the w

eight of the body in m
otion and w

hen the organism
 is standing.

The cranium
 has tw

o sm
all protuberances at the 

The p
elvic g

ird
le

called the 

th
e
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A
t Chem

ical
Synapse

M
echanism

 of chem
ical transm

ission across a 
synapse is as follow

s:

Action potential arrives at axon term
inal

 
2+

Voltage gated Ca
 ion channels open and electrochem

ical 
2+

2+
gradient favours influx of Ca

 and Ca
 flow

s into axon term
inal

 
2+

Ca
 ions cause synaptic vesicles to m

ove to the 
surface of the knob and fuse w

ith synaptic m
em

brane term
inal

 
 

Vesicles release neurotransm
itters by exocytosis

 
N

eurotransm
itters diffuse across synaptic cleft and bind to 

receptors on postsynaptic m
em

brane
 

This causes depolarisation and generation of 
action potential in the postsynaptic 

m
em

brane.

SYN
APSE

Synapse is an anatom
ically specialised junction betw

een tw
o neurons, w

here the axon (or som
e 

other portion) of one cell (neuron) term
inates on the dendrites or som

e other portion of another 
cell. The term

 'synapse' w
as first introduced by Charles Sherrington (1924). Transm

ission of nerve 
im

pulse takes place across a synapse betw
een neurons or neurons and an effector. The neuron 

w
hich sends m

essages is called presynaptic cell w
hereas the neuron w

hich receives m
essages is 

postsynaptic neuron.

CO
N

CEPT

M
A

P
STRUC

TURE O
F SYN

A
PSE

l 
Convergence and D

ivergence : M
any presynaptic 

neurons converge on any single postsynaptic neuron, 
e.g., in spinal m

otor neurons, som
e inputs com

e from
 

dorsal root, som
e from

 long descending spinal tracts 
and m

any from
 interconnecting neurons. The axons of 

m
ost presynaptic neurons divide into m

any branches 
that diverge to end on m

any postsynaptic neurons. 
l  

Fatigue : Repeated stim
ulation of presynaptic neuron 

leads to gradual decrease and finally disappearance of 
the postsynaptic response. This is due to exhaustion of 
chem

ical transm
itter, as its synthesis is not as rapid as 

the release.
l

Syn
ap

tic D
elay : W

h
en

 an
 im

p
u

lse reach
es th

e 
presynaptic term

inal, there is a gap of about 0.5 m
sec., 

before a response is obtained in postsynaptic neuron. 
This is due to the tim

e taken by synaptic m
ediator to be 

released and to act on postsynaptic m
em

brane.
l  

Synaptic Plasticity : Plasticity im
plies the capability of 

being easily m
oulded or changed. Synaptic conduction 

thus can be increased or decreased on the basis of past 
experience. These changes can be presynaptic or 
postsynaptic in location and play an im

portant role in 
learning and m

em
ory.

A
t Electrical 
Synapse

l
�

G
ap

 
ju

n
ctio

n
s 

in
 

electrical 
syn

ap
se allow

 th
e lo

cal cu
rren

ts 
resulting from

 arriving action potentials 
to flow

 directly across the junction from
 

one neuron to the other.
l  This depolarises the m

em
brane of 

the second neuron to threshold, 
continuing the propagation of 

the action potential.

D
endro-dendritic

synapse
A

xo-som
atic

synapse

A
xon

M
yelin

D
endrite

A
xo-dendritic

synapse

A
xo-axonal
synapse

Chem
ical Synapse

l 
Signals are transm

itted across synaptic cleft in form
 

of chem
ical m

essenger – a neurotransm
itter, 

released from
 presynaptic axon term

inal.
l  

Chem
ical synapse operates only in one direction, as 

neurotransm
itter is stored on the presynaptic side 

of synaptic cleft, w
hereas receptors for neuro-

transm
itters are on postsynaptic side.

Electrical Synapse
l 

H
ere pre-and postsynaptic m

em
brane are joined by gap 

junctions, through w
hich ions can pass easily.

l 
Im

pulse transm
ission across electrical synapse is faster than 

chem
ical synapse because of the direct flow

 of electrical 
current from

 one neuron to another through gap junction, 

O
n the basis of physiology

M
icrotubule

M
itochondrion

Cytoplasm

Presynaptic
 neuron

G
ap

junction

Postsynaptic
m

em
brane

G
ap junction channels

Ions flow
 through gap 

junc tion channels

Postsynaptic
neurotransm

itter
receptor

Presynaptic m
em

brane
Synaptic 
vesicle fusing

N
eurotransm

itter released

Synaptic vesicle
Presynaptic

 neuron

Postsynaptic
 neuron

Postsynaptic
m

em
brane

Ions flow
 through

postsynaptic channels

Presynaptic
m

em
brane

Postsynaptic
 neuron

Synaptic 
cleft 

Electrical Synapse
Chem

ical Synapse

location within nervous system

On the basis of proxim
ity and

M
EC

HA
N

ISM
 O

F IM
PULSE C

O
N

DUC
TIO

N

PRO
PERTIES O

F SYN
A

PSE

M
ost of the synapses com

prise the follow
ing structures:

 
(i) Synaptic knob – Term

inal bulbous ending of presynaptic axon w
hich is devoid of neurofilam

ents but its 
cytoplasm

 contains:
 

(a) 
   Synaptic vesicles – Sm

all vesicles present in presynaptic cytoplasm
 that contain neurotransm

itters 
(for excitation or inhibition), like acetylcholine, G

A
BA

, etc.
 

(b) M
itochondria, ER and m

icrotubules.
 

(c) 
Presynaptic m

em
brane – N

erve m
em

brane w
hich is in close approxim

ation w
ith m

em
brane of 

postsynaptic cell.
 

(ii)    Sub-synaptic and postsynaptic m
em

brane – The surface of the cell m
em

brane involved in the 
synapse is called the sub-synaptic m

em
brane and the rem

aining of the m
otor neuron cell m

em
brane is 

called the postsynaptic m
em

brane. Receptor sites for neurotransm
itters are usually located on the sub-

synaptic m
em

brane.  

D
endro-dendritic Synapse

l
�

Synapse betw
een dendrites of 

tw
o neurons, but is rare. It is 

p
resen

t b
etw

een
 m

itral an
d 

granule cell in the bulb.

A
xo-som

atic Synapse
Syn

ap
se b

etw
een

 axon
 of on

e 
n

eu
ro

n
 an

d
 so

m
a o

f an
o

th
er 

n
eu

ron
. It is p

resen
t in

 m
otor 

n
e

u
ro

n
s in

 sp
in

al co
rd

 an
d 

autonom
ic ganglia.

A
xo-dendritic Synapse

Syn
ap

se b
etw

een
 fin

e term
in

al 
branches of axon of one neuron and 
dendrites or cell body of another 
neuron. It is located in m

otor neurons 
in spinal cord, excitatory synapse in 
the cerebral cortex, etc.

A
xo-axonal Synapse

Synapse betw
een axons of 

tw
o neurons. It is present in 

spinal cord.

TYPES O
F SYN

A
PSE

Vesicle containing
neurotransm

itters

Synaptic gap

Sending neuron

Sending
neuron

Action 
potential

A
xon term

inal

N
eurotransm

itter

Receptor sites on
receiving neuron

Receiving
neuron

Presynaptic m
em

brane

Postsynaptic
m

em
brane
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Fig.: M
ultiple fission (a) Am

oeba (b) M
alarial parasite

Cyst w
all

D
aughter 
nuclei

Pseudopodiospores

Crypto 
m

erozoite
Schizont

M
erozoites

(a) 

(b) 

D
aughter nuclei

D
aughter cells released

Life cannot be created de novo rather it arises from
 pre-existing life. Reproduction is the only m

ethod by w
hich continuity of life 

is m
aintained. It is of tw

o types: asexual and sexual. A
sexual reproduction is the form

ation of new
 individual w

ithout involving 
fusion of gam

etes. It is uniparental as offspring are produced by a single parent.

CO
N

CEPT

M
A

P
ASEXUAL REPRO

D
U

CTIO
N

l 
It is m

ore prim
itive than sexual reproduction as it involves only m

itotic divisions.
l 

N
ew

 organism
s are produced from

 the som
atic part of parental organism

, so it is also called as 
som

atogenic reproduction.
l 

N
ew

 individuals produced are genetically sim
ilar to the parent as w

ell as to each other and are called 
clones. H

ence, it plays no role in evolution.
l 

U
nit of reproduction m

ay be either w
hole parent body, or a bud, or a body fragm

ent, or a single 
som

atic cell.
l 

It is usually found in low
er organism

s like protistan protozoans (Am
oeba, Param

ecium
), sponges 

(Scypha), coelenterates, (H
ydra, Tubularia, etc.), certain flatw

orm
s (Planaria), som

e w
orm

s and 
tunicates (Salpa, Ascidia, etc.). It is absent in higher invertebrates and all vertebrates.

Budding
l

 
Budding refers to the process of form

ation of daughter 
individuals from

 a sm
all projection or bud arising on the 

parent body.
l 

Each b
ud

 enlarges, d
evelop

s p
arental characters and 

separates to lead an independent life.
l 

Budding can be either exogenous (form
ed on the outer surface) 

e.g
., H

yd
ra

, yeast o
r en

d
o

g
en

o
u

s (fo
rm

ed
 in

sid
e 

parent body) e.g., Spongilla. In Spongilla, bud is called a gem
m

ule.

l
 It is a type of asexual reproduction in w

hich 
the parent organism

 divides into tw
o or 

m
ore daughter cells. 

l In this type of reproduction, w
hole parent 

body acts as the reproductive unit.
l

It is of three types:
 

(a) Binary fission : In this, parent organism
 

divides into tw
o halves, each half form

ing 
an independent daughter organism

. It can 
be sim

ple (occurs through any plane, e.g., 
Am

oeba), longitudinal (plane of division is 
longitudinal axis of body, e.g., Euglena), 
transverse (plane of division runs along 
transverse axis of body, e.g., Param

ecium
) 

and oblique (plane of division is oblique, 
e.g., Ceratium

).
 

(b) M
ultiple fission : In this process, parent 

body divides into m
any sim

ilar daughter 
organism

s. It occurs during unfavourable 
conditions. N

ucleus of the parent divides 
by repeated am

itosis into m
any nuclei w

hich eventually form
 several daughter 

cells. E.g., Am
oeba, Plasm

odium
 (m

alarial parasite).
 

(c) Plasm
otom

y-D
ivision of m

ultinucleate parent into m
any m

ultinucleate 
daughter individuals w

ithout division of nuclei. N
uclear division occurs later to 

m
aintain num

ber of nuclei. E.g., O
palina, Pelom

yxa.

Fig.: (a) Exogenous budding in H
ydra (b) Exogenous budding 

in yeast (c) Endogenous budding (gem
m

ule) in Spongilla
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Fig.: (a) Regeneration in (i) Planaria (ii) H
ydra (iii) Starfish 

(b) Epim
orphosis

(b)

Intact 
lim

b
A

m
putation

W
ound 

healing
Blastem

a 
form

ation
Blastem

a cell 
proliferation

Patterning new
 

lim
b tissue

N
ew

ly 
regenerated

lim
b

1
2

3
4

5

(i)
(ii)

(iii)
(a)

l
 

It refers to  the grow
th of new

 tissues 
o

r o
rg

an
s to

 re
p

lace
 lo

st o
r 

dam
aged part.

l 
R

eg
en

eratio
n

 is o
f tw

o
 typ

es: 
m

orphallaxis (form
ation of w

hole 
b

o
d

y
 fro

m
 a

 fra
g

m
e

n
t) a

n
d 

epim
orphosis (replacem

ent of lost 
p

a
rts). It ca

n
 b

e
 re

p
a

ra
tiv

e 
(regeneration of dam

aged tissue 
only) or  restorative (redevelopm

ent 
of severed body part). In epim

or-
phosis, a m

ass of undifferentiated 
cell referred to as blastem

a is form
ed 

after w
ound healing and then the 

blastem
a cells actively proliferate to 

re
sto

re
 th

e
 lo

st p
a

rt o
f th

e 
am

putated organ.

l 
Regeneration is found in H

ydra, 
starfish, Planaria, etc.

l
 

Spores are m
inute, single celled, thin or thick w

alled 
propagules w

hich are dispersive structures released from
 

the parent body and form
 new

 individuals. Spore form
ation 

is com
m

on in m
em

bers of m
onera, protista, algae and fungi. 

Som
e of the com

m
only produced spores are:

(a) Zoospores : M
otile and flagellated spores produced inside 

zoosporangia. Flagella help in proper dispersal in aquatic 
habitat. E.g., algae and low

er fungi like Phycom
ycetes.

(b) Conidia : N
on-m

otile spores produced singly or in chains by 
constriction at the tip or lateral side of special hyphal 
branches called conidiophores. These are dispersed by w

ind 
and germ

inate to form
 new

 individuals. E.g., Penicillium
.

(c) Chlam
ydospores : Thick w

alled spores produced directly 
from

 hyphal cells. M
ay be term

inal or intercalary in position 
and capable of w

ithstanding unfavourable conditions. E.g., 
Rhizopus.

(d) O
idia : Sm

all fragm
ents of hyphae that are thin w

alled and 
do not store reserve food m

aterial. O
idia give rise to new

 
hyphae. These are form

ed under conditions of excess w
ater, 

sugar and certain salts. E.g., Agaricus.
(e) Sporangiosp

ores : N
on-m

otile spores produced inside 
sporangia. U

sually get dispersed by w
ind and germ

inate to 
form

 new
 m

ycelium
. E.g., Rhizopus, M

ucor.
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N
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D
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O
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H
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Fig.: Various types of spores (a) Zoospores (b) Conidia 
(c) Chlam

ydospores (d) O
idia (e) Sporangiospores
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Fig.: Binary fission in (a) Am
oeba

(b) Euglena (c) Param
ecium

Fission

Young Am
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D
U

CTIO
N

Regeneration

l
 

In this type of reproduction, parent body breaks into 
tw

o or m
ore pieces called fragm

ents.
l 

Each fragm
ent develops into a new

 organism
.

l 
In fragm

entation, rate of reproduction is high.
l 

It occurs in flatw
orm

s, sea anem
ones, coelenterates, 

echinoderm
s, algae like Spirogyra, etc.

Fragm
entation

Septa

Spiral
chloroplastFig.: Fragm

entation in Spirogyra

TYPES O
F

A
SEXU

A
L

 REPRO
D

U
CTIO

N
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Fig.: Stages in oogenesis (diagram
m

atic)
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Fig.: Stages in sperm
atogenesis (diagram

m
atic)
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Initiation
Ÿ 

Eukaryotic cells have atleast nine initiation factors, i.e., eIF2, eIF2B, 
eIF3, eIF4A

, eIF4B, eIF4E, eIF4G
, eIF5 and eIF6.

Ÿ 
The first step is the form

ation of a p
re-initiation com

p
lex 

M
et

consisting of the 40S sm
all ribosom

al subunit, M
et-tRN

A
, eIF2 

 i
and G

TP;
Ÿ 

The pre-initiation com
plex now

 binds to the 5’ end of the eukaryotic 
m

RN
A

, a step that requires eIF4F com
plex (eIF4A

, eIF4E, eIF4G
, also 

called cap binding com
plex) and eIF3. Thus, this com

plex intact 
both the 5’ and 3’ ends of the m

RN
A

. 
Ÿ 

The eIF4A
 is a RN

A
 helicase that unw

inds any secondary structure of 
m

RN
A

, preparing it for translation.
Ÿ 

The com
plex now

 m
oves along the m

RN
A

 in a 5’ to 3’ direction until it 
locates the AU

G
 initiation codon (i.e., scanning of m

RN
A

).
Ÿ 

O
nce the com

plex is positioned over the initiation codon, the 60S 
large ribosom

al subunit binds to form
 an 80S initiation com

plex, a 
step that requires the hydrolysis of G

TP and leads to the release of 
several initiation factors.

TRAN
SLATIO

N
Translation is the process by w

hich a protein or polypeptide is 
synthesised inside the living cell using m

RN
A

 as a tem
plate. This 

biochem
ical process is called translation because the inform

ation 
present in the form

 of four letter alphabet of nucleic acid is 
translated into tw

enty letter alphabets of proteins.

CO
N

CEPT

M
A

P
M

ECH
A

N
ISM

 O
F TRA

N
SLATIO

N
Ÿ 

The steps of translation are com
m

on in both prokaryotes and eukaryotes. Three m
ain steps involved in 

translation are initiation, elongation and term
ination. Before initiation am

ino acids are activated and attached 
to tRN

A
s in tw

o steps called activation of am
ino acids and charging or am

inoacylation of tRN
A

 respectively.
Ÿ 

In eukaryotes, the initiating am
ino acid is m

ethionine, not N
-form

ylm
ethionine (fM

et) as in prokaryotes.
Ÿ 

The m
ain difference betw

een initiation of translation in prokaryotes and eukaryotes is that in bacteria, a Shine-
D

algarno sequence (4 to 9 purine residues, 8 to 13 base pairs to the 5’ side of initiation codon) guides correct 
initiation codon (5’ AU

G
) and is the binding site for the 30S ribosom

al subunit.
Ÿ 

In contrast, m
ost eukaryotic m

RN
A

s do not contain Shine-D
algarno sequences. Instead, a 40S ribosom

al 
subunit attaches at the 5’ end of the m

RN
A

 and m
oves dow

nstream
 (i.e., in a 5’ to 3’ direction) until it finds the 

AU
G

 initiation codon. This process is called scanning.

Eukaryotes

Translational M
achinery

Ÿ 
Basic translational m

achinery is sam
e in eukaryotes and 

prokaryotes, how
ever few

 differences occur. It is com
posed of 

five com
ponents, i.e., m

RN
A

, tRN
A

, am
ino acid, enzym

es 
(am

inoacyl tRN
A

 synthetase, peptidyl transferase) and ribosom
e.

Ÿ 
In eukaryotes, each m

RN
A

 is m
onocistronic (encodes for only 

one polypeptide) w
hereas in prokaryotes, m

any m
RN

A
s are 

polycistronic (encodes for tw
o or m

ore different polypeptides). 
Ÿ 

Ribosom
e is the site of protein synthesis. 70S (30S + 50S) 

ribosom
es are involved in prokaryotic translation w

hile 80S
 (40S + 60S) ribosom

es are involved in eukaryotic translation. The 
tw

o subunits of ribosom
es associate at the tim

e of protein 
synthesis and then separate after the com

pletion of process. 
Ribosom

es have three sites; the peptidyl (P) site, am
inoacyl (A

) 
site and exit (E) site. Eukaryotic ribosom

es do not have E-site. 
Ÿ 

tRN
A

s pick up particular am
ino acids (at CCA

 or 3’ end) and take 
the sam

e to m
RN

A
 over particular codons corresponding to their 

y
anticodons. Each tRN

A
 contact w

ith ribosom
e at T 

 C loop and 
the enzym

e am
inoacyl tRN

A
 synthetase at D

H
U

 loop. Eukaryotic 
m

RN
A

s have 5’ - cap and poly A
 tail at 3’ end.

Initiation
Ÿ 

3 initiation factors are required i.e., IF1, 
IF2 and  IF3.

Ÿ 
Initiation begins w

ith the binding of IF1 
a nd IF3 to the sm

all (30S) ribosom
al 

subunit.
Ÿ 

The sm
all subunit then binds to the 

m
R N

A
 via com

plem
entary pyrim

idine 
rich sequences close to 3’ end of 16S rRN

A
 

guided by Shine-D
algarno sequence and 

m
oves 3’ along the m

RN
A

 until it locates 
the AU

G
 initiation codon.

Ÿ 
The initiator tRN

A
 charg

ed
 w

ith N
-

form
lym

ethionine and a com
plex of IF2 

M
et

and G
TP (fM

et-tRN
A

/IF2/G
TP) now

 binds to m
RN

A
 and 30S subunit.

f
M

et
Ÿ 

The com
plex of m

RN
A, fM

et-tRN
A

, IF1, IF2 and the 30S ribosom
al subunit is called the 30S initiation com

plex.
f

Ÿ 
Structural changes then lead to the ejection of IF1 and IF3 and IF2 now

 stim
ulates the association of 50S 

subunit of ribosom
es. Sim

ultaneously, the G
TP bound to IF2 is hydrolysed to G

D
P and Pi and leading to 

release of IF2. This form
s 70S initiation com

plex.
Ÿ 

W
hen this com

plex is form
ed, the ribosom

e is ready for the elongation phase.

Elongation
Ÿ 

Th
e elo

n
g

atio
n

 stag
e o

f tran
slatio

n
 in 

eukaryotes is quite sim
ilar to the prokaryotes. 

Ÿ 
It requires three elongation factors, eEF1a

, 
eEF1bg and eEF2 as counterparts of prokaryotic 
EF – Tu, EF – Ts and EF – G

 respectively.
Ÿ 

The G
TP form

 of EF1a
 delivers am

inoacyl tRN
A

 to 
the A

 site of the ribosom
e and EF1bg catalyses the 

exchange of G
TP for bound G

D
P. eEF2 m

ediates 
G

TP driven translocation sim
ilar to prokaryotic 

EF – G
.

Ÿ 
A

s eukaryotic ribosom
e do not have E site, 

uncharged tRN
A

s are expelled directly from
 the 

P site.
Ÿ 

The elongated peptide chain or polypeptide 
lies in the groove of the larger subunit of 
ribosom

e.

Elongation
Ÿ 

Elongation requires three factors, i.e., 
EF – Tu, EF – Ts and EF – G

 and enzym
e 

peptidyl transferase.
M

et
Ÿ 

The fM
et-tRN

A
 occupies the P site 

f
and another am

inoacyl tRN
A

 com
plex 

(am
inoacyl tRN

A
 – EF – Tu – G

TP) reach at 
A

 site depending upon the anticodon 
present on m

RN
A

. EF – Ts and G
TP are 

required for the regeneration of EF – Tu – 
G

TP com
plex.

Ÿ 
First peptide linkage is now

 established 
betw

een –CO
O

H
 group of am

ino acids at 
P site and –N

H
 group of am

ino acid at A
 

2
site catalysed by the ezym

e peptidyl 
transf erase.

Ÿ 
This produces a dipeptidyl – tRN

A
 in the A

 
M

et 
site an

d
 n

o
w

 u
n

ch
arg

ed
 tR

N
A

f
rem

ains bound to the P site. W
ith the help 

of EF – G
 (translocase)  dipeptidyl - tRN

A
 

m
oves from

 A
 site to P site. The ribosom

e 
m

oves one codon tow
ard the 3’ end of 

m
RN

A
 (called translocation). Free tRN

A
 

slips to E site and from
 there to outside in 

the cytoplasm
.

Ÿ 
N

ew
 codon exposed at A

 site attract new
 

a m
in

o
acyl tRN

A
 co

m
p

lex an
d

 th
u

s 
peptide chain elongates.

E

P
A

A
.

Ribosom
e ready for 

next am
inoacyl tRN

A

E

E

P
A

E

P
A

P
A

site
site

m
RN

A
3’

5’

2G
D

P

G
TP

2

G
D

PG
TP

Charged tRN
A

Free 
tRN

A

IF3

50S

5’
3’

30S

IF2

G
TP fM

et

IF1

G
U

U
U

U
G

G
C

C
U

U
C

G
U

U
U

C
G

C
C

A
A

m
RN

A
U

A
C

A
pproaching  50S 

subunit to form
 70S 

initiation com
plex

Prokaryotes

A
ctivation of am

ino acid and Charging of tRN
A

Ÿ 
A

m
ino acids are activated by activating enzym

es, am
inoacyl tRN

A
 synthetases in presence of ATP to produce 

am
inoacyl-adenylate-enzym

e com
plex.

Ÿ 
This com

plex reacts w
ith tRN

A
 specific for the am

ino acid. A
m

ino acid links to 3’ - O
H

 end of tRN
A

 through 
its - CO

O
H

 group to form
 am

inoacyl tRN
A

 com
plex.

A
A

 + ATP + Enzym
e

2+
M

g
A

A
 ~ A

M
P – E + PPi

A
m

ino
acid

A
m

inoacyl-adenylate
enzym

e-com
plex

A
A

 ~ A
M

P – E + tRN
A

 ®
 A

A
 – tRN

A
 + A

M
P + E

Charged 
tRN

A
A

m
inoacyl adenylate 

enzym
e

eIF4E
4G

, 4A

eIF4B
eIF5
M

eteIF2

eIF3, 1, 1A
AU

G

M
etAU

G

40S

eIF4E
4G

, 4A

eIF3, 1, 1A
 

eIF2

123
3

2

site

Term
ination

Ÿ 
Term

ination in eukaryotes is sim
ilar to that in 

prokaryotes.
Ÿ 

In eukaryotes, a single factor eRF1 recognises 
all three term

ination codons and w
ith the 

help of eRF3, ribosom
al subunits are released.

Ÿ 
eRF3 prevents the reassociation of ribosom

al 
s ubunits in the absence of an initiation com

plex.

4

Term
ination

Ÿ 
Term

ination occurs w
hen a n on sense or stop codon (U

A
A

, U
AG

, U
G

A) reaches A
 site.

Ÿ 
Stop codons are recognised by 2 release factors RF1 and RF2. A

 third factor RF3 
m

ediates interaction betw
een RF1 or RF2 w

ith the ribosom
e. 

Ÿ 
RF1 is specific to U

AG
 and U

A
A

. 
Ÿ 

RF2 is specific to U
A

A
 and U

G
A

.
Ÿ 

RFs hydrolyse the term
inal peptidyl-tRN

A
 bond, release polypeptide and last tRN

A
 

from
 the P site and dissociates tw

o subunits of ribosom
es to start new

 cycle of 
translation.

4

CapCap

eIF4B

eIF5

5’

3’

5’

3’
5’

3’

Free 
polypeptide

Release 
factor

Stop codon
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, U

A
A

 or U
G

A
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A
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m
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A
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D
.

Peptide
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