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Introduction dadiall

» The study of living organisms (Plant and Animals) is called as BIOLOGY.
» The study of plants is called as BOTANY

» The study of animal is called as ZOOLOGY

» Plants are green in color because of the presence of chlorophyll.

» Fungi do not have chlorophyll.

> Thallophyta 4 &l | Bryophyta 42! )all | Pteridophyta 422 3 , Gymonosperms

Usall @b le and Angiosperms sl &bwlS gre the different groups of the plants.



Plant Importance Sl dzarl

» Plants produce most of

the oxygen we breathe.




Plant Importance Clail) Asad]

» Plants convert/fix Carbon di

Process of Photosynthesis

oxide gas CO2 into sugars

where human & animals can

use as food (energy- rich
molecules), through the
process of photosynthesis.
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Plant Importance Cilil) Az

. Tertiary

» Every things we eat consumer
comes directly or  Tuna o

. . (secondary A consumer
indirectly from plants. mﬂwmi‘mj/r _—

» Plants produce most of Fish .4 Primary
(primary QL consumer

the chemically stored ~ “°"mes f
energy we consume as

food and burn for fuel.

—

Algae Grain Viegetables Human
{producers) (producers) (producers)




Plant Importance Clal) e

» Many chemicals
produced by the plants

used as medicine.

> dphll )




Plant Importance

» Plants can produce an
amazing and useful
assortment of
chemicals
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> Plants can be a

Plant Importance

source of biofuels.

Energy

Sugars, starches and from
sunlight

cellulose can be
fermented into
ethanol. Ethanol is

used as fuel.

> sl 2 8l Biofuels

il dan

Plants can be a source of biofuels

Biorefinery
S 2S5 Jans

Sugars, starches and
+ cellulose can be
fermented into ethanol

. Microbes ferment
| sugars to ethanol,
~ which is then
separated from the
mix of ethanol,
water, microbes,
and residue and
purified through
disullauon.



Plants can replace petroleum for many
products and purposes

Petroleum is
NOT a
renewable
resource

\
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Unfortunately, it takes
millions and millions of
years to convert dead
organic material into
petroleum...and we are
running out of it.



Plants
provide us
with more
than food

Plants:

e are sources of novel (new) therapeutic drugs . s
e provide better fibers for paper or fabric —u

e sources of bio renewable products s cn

e provide renewable energy sources . .




Branches of Botany Sl ale £ g 8

Morphology AWl Jil) ale
Anatomy g i) ale

Histology 4aw¥) als

Cytology 413l alo

Plant Physiology sbas¥l il g ale
Taxonomy «isiail) als

Ecology 4ixdl ale

Plant Geography <l 4381 aa ale
Genetics 4l ale

Plant breeding (43l ale
Embryology 4iaY) ale

Economic Botany <l clyilaid) ale
Plant Pathology <Ll ) gl ale
Palynology W&l q g ale
Agronomy 4xiall de) 3l ale
Horticulture 4wy ale
Pharmacognosy 4s¥isall 8l alc
Microbiology 441l sl ale

Genetic Engineering 451, s} dwaigl ale

Study of external structure of plant.

Study of internal structure of plant.

The study of cells and tissues with the help of microscope.
The study of the cells.

The study of various vital activities of the plant.

Study of the classification of the plants.

Relations of organisms to one another and to their physical surroundings.
Distribution of plants on the earth.

The study of heredity and variations.

The development of improved varieties of plants.

The study of embryos and their development.

The study of the relationship between people and plants.

The study of the different types of disease of plants and control methods
Study of pollen grains.

Study of the crop plants.
The study of flowering and fruiting plants.
Study of the medicinal plants.

Study of microorganisms (viruses, bacteria, fungi, microalgae and
prot zoaft1

Adding, removing or repairing part of genetic material, thereby changing
the phenotype of organism as desired.



Flowering

Reproductive shoot (flower)

Plant Apical bud
Morphology .. <
Internode
Morphology Apical
Vegetative — system
shoot
Study of external o {B.ade
structure of plant. S
Axillary
. bud
%S\Jﬂ\ MUJ Stem —
‘:’w %J&‘ Taproot
Root

system




Anatomy Z=<dl) ale

Study of internal
structure of plant.
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Shoot
system

’

shoot apical meristem
leaf
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¥ ¥ } terminal bud
| axillary bud

vascular tissue
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vascular tissue

L
/ > vascular tissue
Root
system Laterali8 ots
- dermal tissue
root apical meristem - \S “ground tissue
\ % root cap\ } root tip “vascular tissue
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Plant Physiology Y
slac ¥l Caills g ale <,

The study of

various vital
activities of the
plant.
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CHLOROPLAST CLOSE-(P




Cytology

4lal) ale

The study of the
cells.
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Plant cell

chioroplast
ribosomes

Mitochondrion », _ase T reaIgh
. o - endoplasmic reticulum

SIMaGth
- Endoplasmic reticuburm

_——Nuckcplasm
nucieclus

nuchear
T envelops
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vesicla Golgi apparatus
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Genetics
a3, ¢l ale

The study of
heredity and
variations.

Juay!

genome

Genes contain
Instructions
for making
proteins




Mendel’s studies of peas revealed the
laws of inheritance




Taxonomy
iilail) ale
Study of the

classification of {3

the plants.
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The Plant Kingdom

tingdlom Plantae
Non-Vascular Plants Vascular Plants
Bryophytes Tracheophyles
|
I I I I
Liverworts Horrworts Mosses Spore-Producing Plants | | Seed-Producing Plants
Marchantiophyta | | Anthocerctophyta Bryophyfa Plenidophyte Spermatophyies
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Lycopodiophyta Equkefophyto Gymnospems Angiospems
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Pinoghiyta

Cycads
Cycadophyla

Ginkgo
Ginkgophyla

Monacolyledan (Monacofy|

Plants with One Seed Laaf
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Grasses

Broad-leafed
plants

Flowering Plants

Seed Plants

Clubmosses

S G \

Vascular Plants

Cone-bearing plants

Plants have evolved
SN the ability to thrive in
diverse land habitats.

Marchantiophyta Land Plants Green algae
Agasll sl Non Vascular

X




AdlidLl) ) ale cilad 3 4]
By developing plants that
= are drought or stress tolerant

= require less fertilizer or water

GLA.“J B ey O d‘s"l :._:L__LQS k_illa.ﬂ

= are resistant to pathogens

u'a'l_).am L_,L‘é.a

= are more nutritious
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Not

Inoculated with fungus
inoculated

Susceptible

Geneticists have identified the Resistant
gene conferring resistance and
are introducing it into edible
varieties.

(JSOU ALl Ciliall 8 Ll g A gliall miad Gl cliad) &) ) gl plade aas

The plant on the left carries the
resistance gene and is free from disease
symptoms.



Plant biologists study ways to keep
plants fresh after harvesting

After harvesting,
fruits soften, ripen,
and eventually rot.

These processes make the fruit less
appealing and affect the nutritional
qualities.
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lron-enriched rice

Wild-type (top) and
antioxidant-enriched
tomatoes

Vitamin A—enriched rice
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> Plant surfaces and
iInventions.
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More reasons........?

*»* To help conserve endangered plants
and threatened environments

ol YL Basgal) calidl 5 il e Jaliad) 8 selud

*+* To learn more about the natural world
el alall e 3 al) 8 e

o

| ** To enhance the abilities of plants to
provide us with food, medicines, and
energy

A8Ual) 40 5oV 5 elaall Ly g 3l el ol ja8 5 el



PLANT CELL

CELLULAR COMPONENTS & PROCESES



What is Life?

Life is a characteristic that
distinguishes objects that have self-
sustaining biological processes, other
things are classified as inanimate.



Properties of life .....

« Cellular structure (unit of life)

« Metabolism (perform function) .\

» Movement (intracellular)

« Homeostasis 314 o)) s

« Organization =i

» Growth (enlargement) il

- Adaptation / Evolution (long term adaptation) Ll

» Behavior (response to stimuli) daied 450

» Reproduction (avoid extinction) i«
» Pass on their traits to offspring (heredity)



The cell theory states:

The cell is the basic unit of structure

and function of all living things. QN NNEFPERRE NI [FN Gaﬁj
All living things are composed of one or B

more cells. ST 5 8aal 538 e Ayl LS e (S
All cells come from pre-existing cells. (G 3350 ) e L3 G B LD 6

The cells of all living things carry on

" . : e iilaa Al o398 al) SN anea LA ABLae
similar chemical activities. - 55 s

All cells carry on their metabolic =+ u=bdlgddd e
activities in organelles.



A virus and a prion are not considered cellular nor living organisms because of
their simplicity (only Nucleic acid surrounded by a protein coat in the case
of a virus or only a single strand of protein in the case of a prion). Neither
exhibit characteristics of life unless they are in a host cell and cannot

replicate outside the host cell.

prion (proteinaceous infectious particle)
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There are two types of cells:

1. Prokaryotic- cells that DO NOT have a well-
defined NUCLEUS or other cell ORGANELLES

2. Eukaryotic- cells have a NUCLEUS with nuclear
membrane & cell ORGANELLES

oA A Cliae Vg alleall daal 53155 Ll Ll LA — 31 5al) Ay
Asla Glome 5 o550 eLial) aa 3153 Lgaal LA — 31 5l daaa

Eukaryote Prokaryote

Nucleoid

Flagellum
Cell wall

Cell Membrane
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Pmkaryote ce"s Oldest of cell types,

first appeared 3.5
. Cells that do not contain a nucleus. billion years ago.

DNA is not contained in an internal structure.
Have a cell membrane.
Do not have membrane-bound organelles.

Capsule — /e

Generally smaller and simpler than eukaryotic cells. "2 £ 7 5
Can live in hostile environments. Halophiles and ﬁ‘:‘:&'&:‘:“" _
thermophiles that are archeabacteria. " 3

Ribosomes —
y

Very diverse in their metabolic process: obligate
aerobes (require 0,), obligate anaerobes (killed by
0,), and facultative anaerobes (can survive with or
without 0,).

Example: Bacleria Figure 1

Flagella



Eukaryote cells Phona Membrne
Nucleus Golgi vesicles
1, Eukaryotes are organisms that have a nucleus in each fibosome
cell *Ribosomes
. ; smooth ER
2. The nucleus contains that cell's DNA. +Nucleolus (no ibosomes)
«Endoplasmic Retica] nucleolus
3, Have a cell membrane. Endoplasmic Reticulum
. Golgi Bodi
4, Generally larger and more complex than prokaryotic ~ © o s
cells. *Lysosomes reticulum)
oPlasti
5. Have complex membrane bound organelles e —
(mitochondrion, chloroplast, Golgi apparatus, efc,) ~ *Chloroplasts Vacuole
' oMi i amyloplast
8. Many eukaryotic cells are highly speclalized. Mt°°1;°“dm (tarch grain
*Vacuoles
1. Examples: Plants, animals, fungi, and protists P R
First appeared in the fossil record 1.5 Cyoplasm

billion years ago.

cell wall

@ cell membrane

chloroplast
, vacuole
| ' membrane

°o°%§ ag:aliggtus

| raphide
/ - crgstal

druse
crystal

mitochondrion

-c cytoplasm
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X 3\ A\ Primarywall gy 4

Three layers
of secondary wall

Cell wall consists of:
(1) Middle lamella - mostly pectin, cements adjacent

N\ Plant cell walls

%\ T —

cells together FOIPESENENEINNEWINRNY ey, =
SRR Plasmodesma

(2) Primary cell wall sy L
* Found in all plant cells 150 4 - L.IJL.“'."'} %A)&
* Cellulose matrix with hemicellulose, proteins, Sacondary wal | @”\\

pectin, lignin, cutin, and wa, ...cus, ;s v iy
» Characteristic of undifferentiated cells or ones that
still are growing oy jsad e s g
(3) Secondary cell wall
» Just inside primary cell wall v s sy 1o
» Characteristic of mature cells ey s 5
» Comprised of hemicellulose and lignin v, s . o

CEUVLOSE

REMI CEWLVLOSE

ey

Primary cell wall



Connections hetween Cells:

PlasmOdesmata singular form: plasmodesma)

are intercellular organelles found only in plant and algal cells. The plasmodesmata consist of pores, or channels, lying
between individual plant cells, and connect the symplastic space in the plant. They can also be termed as "bridges”

between two plant cells.

‘L c s / i1 & RS F.
I ] R
~= >
e
— o= a 1§ & >
o ~ of - S _ha = & > -~
‘ ~ 4 & 3 e
_.-‘-. W = .f ; e l "
: et . 4 \\H 'a‘

Apoplast Plasmodesmata Symplast



Cell Membrane or Plasma Membrane

* The cell membrane’s function is to form a barrier between the cell’s inner and ' External membrane
outer environment. It is selectively permeable meaning that it allows certain 3
materials to pass through and prevents the movement of other through it. S ce\
3 sall and eansy Cans g JUERY) AA 43 jaae oy A jlall &) g AdAT AN Al oy Gals JRE 4 oL Ak
Lﬂd\uhmdbww@mjjjﬂb ,
« It is composed of a phospholipid bilayer with protein molecules (integral 13
proteins) embedded within in the bilayer. Some of these proteins pass
completely through both layers of phospholipids. There are also other types of
molecules such as cholesterol and carbohydrates that are associated with the _
cell membrane’s outer surface |
Gl gl o3 jaxy A0 Akl 35 ) geia (lalSiall i g jall) o g pall i ja g A ) saagdll () ) e s el
4.13).1;\.“ ubﬁ.\ﬁyﬂlijM)ﬂ u@ﬂ\wﬁﬁiﬁ\ylﬂmj A gdll ) gaall Clads A e Llad 8 yle
Adall oLl x s akull
* The phospholipids and proteins are not in a static state, but have the ability to
move from one location to another or change positions within the bilayer.
Therefore the molecules which make up the membrane are described as being | .
in a fluid state. The structure of the membrane is called the "fluid-mosaic <
model.” The membrane is literally a mosaic of molecules that have the ability Phasoholin
to move from area to area on the surface of the membrane. , 03pnofpI
A8 Al Jabs Lpnang g g AT ) (S (o QY1 le 6l gl () B Al (8 Cod iyl sl () 0 bllayer
R 5 e oL "o sl 5y D 8 et s il 5 Ll ol TS iy o i i Internal membrane
eLiad) C.J:u.n \_J.c é):..l JH aghic Jany) Glc UJ&H Lﬂ_n.ﬂ Aludud Al ia surface Pmtein




Cytoplasm

A watery solution made of cytosol that contains the cell organelles. Cytoplasm
includes salts, an assortment of organic molecules, including many enzymes

that catalyze reactions, as well as water
Gy 8 Lay Ay puandl Sl Hadl e Ae giie Ao gane (DY) a 300 gl Jady 3 AdAl Clacae e (o giag 45 glall 3 jliasdl e G sSe le Jslaa
sloall GUAS ¢ (cnDle lail) jaac Al Cilay 313V e sl
Cell membrane 2 St e

Cytoskeleton —

Endoplasmic —==
reticulum <€

Microtubule

Microfilament

Ribosomes Mitochondrion



Cytoskeleton

Cytoskeleton:

The cytoskeleton is a “framework” that supports the cell
membrane and other cell structures within the cytoplasm.
:éjli.h JSael)
a2k giaadl JA1a (gAY LAY JSLa g Adall clie acay g2l " UaYI" e o slall (Sl

Cell membrane

3 Endoplasmic '(

reticulum a!i 3

=

. - S A
s W
Microfilaments ’ 0.25 um :

Mitochondrion




Cytoskeleton
* Eukaryotic cells are given their shape and internal organization
by the cytoskeleton.
* The cytoskeleton 1s made up of:
Microfilaments and microtubules

Cell membrane

Microfilaments (56913 5) ol sl ok i
* are threadlike structures made up of the protein actin. Endoplasmic —= S

» form extensive networks in some cells. reficulum |8
* produce a tough, flexible framework that supports the cell. )
* help some cells move.

Microtubules JARTR

* are hollow structures made up of proteins known as tubulins.  \fierofilament
maintain cell shape.

* are important in cell division.

* build projections from the cell surface-cilia and flagella-that
enable some cells to swim rapidly through liquids.

Ribosomes Mitochondrion



The Nucleus is enclosed in an

envelope which is a double Nucleus
membrane structure. It has pore o Mucleus
complexes in the membranes Ly
which allow the movement of -
materials in and out of the Chromatin >
structure. It contains DNA and Nucleolus i G,
proteins in the form of loose e e 2
threads called chromatin. During /

mitosis or meiosis the chromatin

super coils to form chromosomes.
Self duplicating structure divides
when the cell divides. The
nucleolus is a structure composed
of RNA located in the
nucleoplasm. There maybe be

more than one present and it o
functions in the production of
ribosomes. The overall function
of the nucleus is the regulation of  cicseup of nuciear envelope OGRS Sl (TEM)
cellular activities.

Y
P

vt " s >
Surface of nuclear
envelope

___-Outer membrane g o
_-Inner membrane g
_-Nuclear lamina

complex e




Cell Organelles
4o gIAl) luanll



Plastids are double membranous cellular organelles found only in the plant cell.

Glildl) B Ja8d s o pldal) Al 4 gld Ciluae Go?pipar l Cell wall
e & : Cell
Plastid are meant for photosynthesis and storage . » membrane

_r g s . 04 i% B . ndoplasmic
CoATl g (A gl plid) dulas Lgmdala g ~ . reticulum
Plastids are of three types - chloroplasts, chromoplasts and leucoplasts. '

Gl 200 e Waik e aij_———___a o
CHLOROPLASTS -8) padd) Silafudl)

Q Chloroplast occurs in the cytoplasm of the cella Sk gisall & 22) 55

ibosomes

33 gaa JSI)

Q Chlorophyll J:25,5 is present in green plants which helps them make food by the process of
photosynthesis.

L Green plants takes carbon dioxide (CO,) from the air, and water (H,0) from the soil. The

plants combine the CO, with the H,0 to make the sugar (Glucose (C;H,,0¢) STRUCTURE

O Photosynthesis is the conversion of light energy to chemical energy by chlorophyll in

chloroplasts
»  Chromoplasts &gkl Clasuddiare plastids which are found in
* fruits and are yellow, orange and red in color.
» Lecuoplasts O dae Slaiudllare colorless plastids. They found
* inroots, seeds and underground stems.

Chromoplast Chloroplast Leukoplast



Chloroplast Structure
The chloroplast are double membrane bound organelles 7.2 sliay hlad ¢ padl) latuwdl)
The chloroplast contains flattened sacs called thylakoids. j&sSslU aud dadaa claya (g 923
The thylakoids are stacked one on top of another W< (i 4uisa
A stack of thylakoids is called a granum or grana Ul_a aud 3368 sLEN (e da S

The space in between the grana is called the stroma Lag ic e Ul_ad) G dalual)

Quter
membrane

Inner
membrane

Thylakoids

Chloroplast diagram



Mitochondria

The mitochondria is a double
membrane structure with an outer
membrane which surrounds a highly
folded inner membrane. It is the site
of aerobic cellular respiration in
which ATP is produced. The inner
membrane has finger like projection
called cristae which increase the
surface area. The inner space within
the mitochondrion is called the
matrix and contains cytoplasm,
ribosomes, and DNA. Mitochondrion
are self replicating. They are found in
both plant and animal cells and are
sometimes called “the powerhouse
of the cell”.

ribosomes

matrix outer membrane
~ ////// inner membrane

intermembrane
space

DMA

Fgo portion

F; portio
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In Summary

The mitochondria is a double membrane structure

The mitochondria occurs in cytoplasm.

The inner membrane of the mitochondria has finger like projection called cristae
The mitochondria produces energy in the form of ATP.

The mitochondria is also called as power house of the cell

Matrix Cristae Inner Outer
membrane membrane




Golgi Apparatus (Dictyosome)

The Golgi apparatus is single membranous cell organelles occurs in cytoplasm. sLiall 4l
The Golgi apparatus appears as a series of flattened, stacked, membrane sacs. s e
Lgmny (398 AuaSa Andalie dpiliie (bS] (e JuSlas g 3 ke

The Golgi apparatus is the center for manufacturing, modifying, and packaging of protein.

O gl i g Aa g Jpanli g il S e

cell membrane

endoplasmic golgi
reticulum complex




Ribosomes

Ribosomes are the structures within the cell which read m-RNA
and assembles amino acids into polypeptide chains. They are
found free floating in the cytoplasm or attached to the nuclear
envelope or the rough endoplasmic reticulum. They are found in
all prokaryotic and eukaryotic cell types. They are composed of
two subunits. Prokaryotic cells have smaller ribosomes (70s) and
eukaryotic cells have the larger (80s) form.
Ol GasSal Al sae JsSle (B e Galeal) peat s Jsme ol U e Al ganall 58500 ¢ 588 4080 Jab S 5 o g s 1)
AnAl) dpe 330 sy ASED 5 (g8l Bl e of a 30k siad) 8 5 e Aaile 35l Adida 5 Al LD &1 50 area 8 aa

- 0.5 um :
» #.\ T &{; \', #%___ Cytosol
2y &
s L = ad fouls Ty
_ '-.ﬂa.:p-:'-"t“"“ "‘";:'"" ; Endoplasmic
e s X Ve reticulum (ER)
. G .ﬂ‘ i s — Free
j&: v "i _" ribosomes
X Large subunit

B, o P~
& .;,_;‘;;‘._?g 7 Bound
e e e e _f‘ ribosomes

L G R

(a) TEM showing ribosomes (b) Diagram of a ribosome

Small subunit

Copyright ©@ Pearson Education, Inc., publishing as Benjamin Cummings.



In Summary

Ribosomes are found freely
floating in the cell or bound
to Endoplasmic reticulum.

Ribosomes are the site for
protein synthesis of the
cell.

Ribosomes are composed
of two subunits, a small
subunit and a large

subunit.

Prokaryotic cells have
smaller ribosomes (70s)
and eukaryotic cells have
the larger (80s) form

Endoplasmic
reticulum

Nucleolus

Chromatin

Nucleoplasm

Nuclear pore

Nuclear envelope Ribosome

Large
subunit

Small J_]
subunit\/

Ribosome



Endoplasmic Reticulumase Dy gal¥) 4l

The endoplasmic reticulum (ER) is a series of single membrane

channels which run throughout the cytoplasm of the cell. (= ilulu
slaall Aala) <l gl

There are two types of ER (Smooth ER and Rough ER) 4l :ole ¢
A13a

The smooth endoplasmic reticulum (SER) is free of ribosomes and

functions in lipid synthesis and metabolism of carbohydrates.
ol ga KU AR Jaaill g Geadll sl Lgidilhg agugm ) 04 A sluda A
LSAN (e p gacadl A1 3) 38 a8 g

The rough endoplasmic reticulum (RER) has ribosomes bound to its

outer membrane layer and is the active site of protein synthesis.

G gl (Ba1A5) i aBga LA g pldall dpn JAN ALl ddad e p g g ) 4pal ALSA

Endoplasmic
reticulum

Nucleolus

Chromatin

Nucleoplasm

Nuclear pore

Nuclear envelope Ribosome

Rough Endoplasmic Reticulum

Membranes




Vacuoles Gﬁb@-ﬂ\ endoplasmic. reticulum

* Vacuoles are storage areas of the cell. (kUa < sadl) nuckeus
" 13 an

- Vacuoles also serve as the site of chemical COOPHS! flbosome

digestion. 41l Jal sl adagll adga 40a 0SSy

L oell wall miochondna

» Vacuoles in animal cells are often small.

* The plant cells have a large centrally located

vacuole which contains water and dissolved
solutes. me'asm

o ASLAl LAY Ay 5 e (e LIS A gl LYIAY il gad
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Self-Replicating Organelles
aludiN) 4013 Cilanl)
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e Mitochondria

double outer membrane
membrane —I:

inner membrane

ePlastids

- 3 » NPT
Courtesy Herbert W. Israel, Comell University 4

500 nm

stroma



The Cellular Basis of
Reproduction and Inheritance
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Cell Reproduction

l. The Cell Cycle

A. Growth
* Increase in cell size.

B. Division
* Production of new cells

* Two overlapping processes
— Karyokinesis — nuclear division
— Cytokinesis — cytoplasm division




Genome: Nitrogenous bases:

The whole )
cat of IS Adenine
genetic Thymine
D Guanine
==X Cytosine

Nucleus

Base pair

Lhromosome

///1;7///
//

Base pair

Cell

Sugar
phosphate
backbone

(-—--—sauaB-—--)

Genes contain instructions
For making proteins

Nucleosomes



DNA in the form of Chromosomes
Chromosomes are composed of Chromatin which contain Nucleosomes containing
Histones (Proteins the DNA is wrapped around) and DNA

. They usually have more than 1 chromosome (Humans have 23 pairs)

Nucleosome
'—A——\

2 nm 11 nm 700 nm
Condensed
DNA Nucleosomes Chromatine chromatine
loops




DNA Replication —wclzi &

* The process of the producing two identical DNA from one original DNA

* DNA replication occurs during cell division

e Cay b ) s 95 (el ki i  gas
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+ Genome: Complete complement of
an organism’s DNA. ....v v sisss

o e g 5 5 S]]
— Includes genes (control traits) and
non-coding DNA organized in

chromosomes.

« Gene

— a unit of heredity information determining the
nature of a specific trait and have specific
places on ChromoSOMEesS. i ik s i e gled) asnn g

e g a9 KU e Banaa oS Ll Baas
— a section of DNA that codes for a protein,
tRNA or rRNA molecule

bl Bl e o s DG (555l o Gmeall ¢ sl 885 Jasy DNA G s 32

By T Cberss ORI

DNA




e Chromatin Gt Sl

daiall 3l il & salall

- - - '. '- . l_lj e . v Y -b -
— Material in an active nucleus. 20 DNA 750 oxbas 0S5 5see casty
Awcld Slng g

* Submicroscopic “threads” consisting of 50% DNA and 50% supporting proteins.

Structure of the Chromosome

CHROMOSOME

Chromosome — a package of hereditary material with supporting
proteins visible in condensed form during cell division.

«— Chromatid — a single strand of DNA
‘ (B2 )55l Gl (e 350 (Jaap ) Jad

During most of the life of a cell the chromosomes

exist as a single strand called a“monad”.
e (day ) b JS0 e Adal) sl alaas JOA Gl g g g SI 2 gy

f
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At the beginning of karyokinesis the single strand is CHROMATID
replicated forming two identical chromatids attached to

one another, a “dyad”.

CHROMATID
Sister chromatids have identical DNA

Centromere
O 3 ) Jas il Caelimy (o g ol AL Aol - Kinetochore on centromere provides

vl ladll Jl Leguany a oSlally Galilaia Cpasila g S binding site for microtubules



Shor

arrnJ
e Chromosomes are
DNA wrapped tightly
around proteins £
called histones.
Long
anm =

{a) Two chromatids



‘Homologues Chromosomes
« Chromosomes exist in homologous pairs in diploid cells.

2N z 52 al dasll 3 LA d Alilaie ) 5 (8 e g g5 SU 253

1
homologue | TR

| homologous pair
humnlngue{ % )

Exception: Sex chromosomes in human (X, Y).®,&" ; 85 5 0S1) Sl (b a5 S oLl
Other chromosomes are known as autosomes, they have (v sl feall) Slesuses Sl o G o) B oA ‘L“J”f‘)éﬁ
homologues. '
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e Chromosome Set

—One copy of each of the different
chromosomes in the nucleus
containing one copy of each
different gene.

« Haploid Number (n)

— The number of chromosomes
comprising one set.
 For humans, n=23
 For some ferns, n=250

— A haploid individual has one set of
chromosomes per cell.

* Diploid Number (2n)

— The numl?e_r of chromosomes in a
cell containing two sets.

- A |clliploid individual has 2 sets per
cell.

— (Triploid is 3 sets, Tetraploid is 4
sets, etc.)

' & a da g 30 5S Ao ganall
2 a ‘.\t,;k_*f-__g, 8l gill (8 Aabidall e gus g5 SI) (e B2 g AAs
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250 = o cosdl oyl (s 23 = o ol 1 Jba
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Al IS 8 Gl g ga g S
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(& e sane 4 dpnal
Human Haploid (n)= 23

Diploid (2n)=46

Dates Haploid (n)= 14
Diploid (2n)=28



Methods of Reproduction
Asexual reproduction

 Chromosomes are duplicated and cell divides
* One copy of each chromosome is placed in each cell

* Each “daughter” cell is genetically identical to the parent and the other
daughter

— Type of Cellular Division required: mitosis

Advantage = fast and convenient

Disadvantage = very little genetic variation
AA) anii o3 (pa 5 Clla gus g 9 SN (e lial) ) S5 oy
‘ AR S B smga s S S e banly Al i oy
oAV AR aa s ((daa¥l) oY) DAl e L)) 5 AlyUata (5555 "Ay gy AQl8 S
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Sexual reproduction

Offspring inherit DNA from both of their parents

Type of Cellular Division required: meiosis

Offspring can show great variation

Advantage = lots of genetic variation

Disadvantage = metabolically expensive

Ol gl e (Ll (o5 sl mandl Eyy (asill) Ay 300
(s osmall) AV ALl ;g Caany (Al (g 5lal) WLl ¢ 5
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Cell Division

Binary Fission, Mitosis & Meiosis



binary fission

Prokaryotic

membrane

chromosome

Prokaryotic o cellwall e The circular DNA
cells < 1 Puplication of chromosome molecule replicates to
reproduce form 2 chromosomes
asexua"y by il g g 5 S 2 Sl (5 a1 (55 51l (maall os ja Chelialy
a type of cell * The chromosome
division copies move apart
called binary © | e e
fissi * The cell elongates

ission sl s

G syl The plasma membrane

. AN grows inward, dividing
/ & ision nte \ the parent into two
two daughter cells ‘ daughter ce"s

Ol a1 AR a1 Y L3l e ey

Copyright @ 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.



Mitosis cell division

Eukaryotes divide by a process called as
Mitosis

The cell cycle:

Cells divide along own time frame called its
Cell Cycle.

The Cell cycle consists of the following
three steps:

G1 (Gap 1) Phase - Cell performs its normal
function, cells which do not divide, resting
phase

S (Synthesis) Phase - Here the cell actively
duplicates its DNA in preparation for
division

G2 (Gap 2) Phase — the amount of
cytoplasm and cell organelles increases in
preparation for division.

Mitosis - Actual division occurs (Prophase,
Metaphase, Anaphase, Telophase)

Aoalall Lk 5 Jae 8 Lgpais 080 8La alies
Al B g0 e Ania 33 53 (Joha e LBAT Al
Al O gladll e AJANN B 5 g0 o) ST
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pletial Iolamin) (lpanll Gl 8 Lay) o 330 sand) 308 3 55— (2052) 2 sl 5k -
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Prophase

Prometaphase

Metaphase

Anaphase

Telophase

Cytokinesis

» Chromosomes
condense and
become visible

= Spindle fibers
emerge from the
centrosomes

» Nuclear envelope
breaks down

* Centrosomes
move toward
opposite poles

Chromosomes
continue to
condense

Kinetochores
appear at the
centromeres

Mitotic spindle
microtubules
attach to
kinetochores

* Chromosomes
are lined up at
the metaphase
plate

= Each sister
chromatid is
attached to a
spindle fiber
originating from
opposite poles

e Centromeres
split in two

= Sister
chromatids
(now called
chromosomes)
are pulled toward
opposite poles

* Certain spindle
fibers begin to
elongate the cell

e Chromosomes
arrive at opposite
poles and begin
to decondense

* Nuclear envelope
material
surrounds
each set of
chromosomes

* The mitotic
spindle breaks
down

= Spindle fibers
continue to push
poles apart

* Animal cells: a
cleavage furrow
separates the
daughter cells

= Plant cells: a cell
plate, the
precursor to a
new cell wall,
separates the
daughter cells

MITOSIS




Overview of Mitosis

dOccurs in somatic cells / Requires for growth of the organism

Lanall LA 8 sy
Longitudinal division of replicated chromosomes in one nucleus to form two genetically

identical daughter nuclei.
)y 5 AgUaia (580 53 Sl w31 i) 8 e Liaiall il gas a5 S

Each “daughter” nucleus has the same number of chromosomes (and sets) that the

“parent” nucleus had.
“ei}”" ‘\..A.Saj‘ 3\).1 4.SLLAJ Lsﬂ\ (QLCJAAAJ\}) Q\A}uy}‘)ﬁ\ Ao u.ns.t Lg_w\.ﬂ 3\}4 "1.3.3\" JS

(AMitosis requires One division.
=1 cell after mitosis division gives = 2 cells (called daughter cells)

"Daughter cells are genetically identical
Chromosome number does not change after mitosis division.



Prokaryotic cells

!

reproduce asexually by a
type of cell division
called binary fission

Sl jUaiy)

Cell Division

.. <
Meiosis

Meiosis occurs in 2 phases;
Meiosis |, & Meiosis Il

~

N

Mitosis

Eukaryotic cells

¥
Cell Cycle

Interphase | First

» G1 (Gap 1) Phase-Cell mature
» S (Synthesis) Phase-DNA copied
» G2 (Gap 2) Phase- Cytoplasm increases

Mitotic phase

1- Prophase |
2- Prometaphase |
3- Metaphase |
4- Anaphase |
5-Telophase |

- (cytokinesis)

1- Prophase Il

2- Prometaphase Il
3- Metaphase Il

4- Anaphase Il
5-Telophase Il

- (cytokinesis)

1- Prophase
2- Prometaphase
3- Metaphase
4- Anaphase
5-Telophase

- (cytokinesis)

Second <«

» Cell could go through
—> = Mitosis Or

> = Meiosis




4 strands of DNA at the
start

Interphase (S stage)
prior to mitosis

Interphase (S stage)
prior to meiosis

4 strands of DNA at the
start

4 strands of DNA at the
start

Ve

Interphase (S stage)
prior to mitosis

Interphase (S stage)
prior to meiosis

4 strands of DNA at the
start

Chromatin duplicated

Chromatin duplicated




4 strands of ONA at the
start

Prophase of mitosis

Prophase 1 of meiosis

4 strands of ONA at the
start

Nucleus dissolves

Nucleus dissolves

4 strands of DNA at the

start

Prophase of mitosis

Key:
M = Materna
P = Paternal

Prophase 1 of meiosis

4 strands of DNA at the

start

Nucleus dissolves

Chromatin coils into
chromosomes

Nucleus dissolves

Chromatin coils into
chromosomes




4 strands of DNA at the
start

Prophase of mitosis

Key:
M = Materna

P = Paternal

Prophase 1 of meiosis

4 strands of DNA at the
start

Nucleus dissolves

Chromatin coils into
chromosomes

Nucleus dissolves

Chromatin coils into
chromosomes

Synapsis occurs
(pairing of homologous
chromosomes)

4 strands of DNA at the
start

Prophase of mitosis

Key:
M = Maternal
P = Paternal

Prophase 1 of meiosis

\ Nucleus dissolves

Chromatin colls into
chromosomes

4 strands of DNA at the
start

Nucleus dissolves

Chromatin ¢oils into
chromosomes

Synapsis occurs

Crossing Over




4 strands of DNA at the
tart

Metaphase of
mitosis

Key:
M = Materna
P = Paternal

Metaphase 1 of
meiosis

4 strands of DNA at the
start

Chromosomes
randomly pulled to
middle of the cell

Tetrads randomly
pulled to middle of the
cell

4 strands of DNA at the

start

Anaphase of mitosis

Key:
M= Maternal

P = Paternal

Anaphase 1 of
meiosis

4 strands of DNA at the

start

Chromatids pulled to
opposite ends of the
cell

Chromosomes pulled
to opposite ends of the
cell




4 strands of DNA at the
start

Telophase of mitosis

Telophase 1 of
meiosis

4 strands of DNA at the
start

et e

By

Cytokinesis splits the
cell in half

Nucleus regrows

Chromatids unwind
back into chromatin

Cytokinesis splits the
cellin half

Nucleus regrows

4 strands of DNA at the
start

Prophase 2 of meiosis

4 strands of DNA at the
start

/x"\/ 25;\\

o e

Mitosis End Result: two
diploid cells

Nucleus redissolves




f DNA t f DNA atth
4 strands of DNA at the 4 strands of DNA at the

: itosi It: tw
start Mitosis End Result:two Jj 2" "_":C?ds E’;ld Result: two
diploid cells diploid cells

Chromatids pulled to
opposite ends of the
cell

Metaphase 2 of Chromosomes pulled & M Anaphase 2 of

to middle of the cell Tl
meiosis meiosis

4 strands of DNA at the 4 strands of DNA at the
. | A
start start




4 strands of DNA at the
start

Telophase 2 of
meiosis

el

/

4 strands of DNA at the
start

Mitosis End Result: two
diploid cells

Cytokinesis splits the
cells in half again

Nucleus reformsinall
four cells

Chromatids unwind
back into chromatin

Mitosis End Result: two
diploid cells

New cells have the
same amount of
chromatin from the
start

Both cells are identical

New cells have the half
the amount of
chromatin from the
start

Eachcellis genetically
unique

Meiosis End Result:
four haploid cells




Cells that go through
mitosis, start
diploid...

Cells that go through
meiosis, start
diploid...

...and end diploid.

..and end haploid.




Differences in between Mitosis and Meiosis cell division

There are two cell divisions (Meiosis | and Meiosis Il)
involves in meiosis cell division.

As a results of Meiosis cell division, one parent cell
gives 4 daughter cells & the chromosomes number
reduced to half in the daughter cells

Reduction of Chromosome number occurs in Meiosis |
division

Crossing over occurs in Meiosis | (prophase |)

Meiosis Il is just similar to Mitosis cell division.
Mitosis cell division occurs in somatic cell but meiosis

cell division occurs in reproductive cells
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Male Piar AN 8 8

spermatocyte \}" &
(Diploid / 2n) (il \ ‘ Q
Spermatids Sperm cells

(haploid)

(a) Spermatogenesis H a I Ol d ( N )

Secondary oocyte Second polar body

¥ Zygote (2n)

Primary ‘ Egg cell

oocyte (haploid)

L AL Ve

Female (3po]
o . First polar bod o o
(Diploid / 2n) ;s i (Diploid / 2n)




Meiosis | | d_ﬂ] whatall ?L_,dj'ﬂ

Anaphase I Metaphase | Prophase
S Ll g S Al ) ghal J ,_;q..m gkl a5 gkl
‘Interphase
- Spmdle uﬂ.l.dﬁl

dliaia Clidlag L1 A N il

: Centrioles

e
Centromeres. =4 § jil=

i Tl o
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Meiosis Il_Jt1 ¢ 3 guall aloddyl Meiosis | ] 4% . dgeall aloddyl

| PRI | Mm skl il i) Sl

Telophase Il + cytokinesis . = P S Ja¥ ATl s phall
" 3 e - B o . Telophase I + cytokinesis




Crossing over (contd.) id e sses S e zs) om o2 Jis gl lee

Exchange of genetic material between Homologous

f \ Chromosomes - During Prophase I occurs at CHIASMA
\3@ /%

Chiasmata= the point where two homologous non-sister chromatids
exchange genetic material during chromosomal crossover in meiosis
Meiosis 1 Wb
Produces new genetic combinations Of Chromosomes
—_ ™ with both Maternal »¥' & Paternal ¥ components
D EODE

N a5 A sa¥) il Sl e JS Ca ila gaga g S (o Buda Apbia LS 5 il

Meiosis 2




GENETICS 41l ale

The study of hereditary and variations is
called as Genetics



Classical / Mendelian Genetics

e Genetics is the scientific * Mendel studied seven

study of heredity.

oo Alani Lo QU 5 (cliall) il sal) o g3 alell
25l Aada) Al ) | i

 Gregor Mendel (1860’s)
an Austrian Monk, was
interested in figuring
out how heredity was
determined in plants
and animals.

— used pea plants

— quantitative approach
to collect data.

different pea plant

traits.

— Seed shape & color, pod
shape & color, plant

height, flower color and
seed coat color

A trait is a specific
characteristic, such as
seed color or plant
height, that varies from
one individual to
another.

Gregor Mendel:
Father of Genetics




Greggr Mendel’s Experiment ERTLLELE of contrasting traits selected by Mendle

m Contrasting traits

Seed shape round/wrinkled @ @
Seed color yellow/green
Pod shape full/constricted M
Pod color green/yellow {J '
Flower violet/white ¢
color
nggrtvig; axial/terminal
Parent
Stem :
height tall/dwarf generation

Monohybrid cross

Dihybrid cross

Cross pollination

Cross
pollination

self-pollination

The offspring of crosses between parents with
different traits are called hybrids 43} 43 )4 Ao 3l g

(Angl)) cilinal) ilide oL G Rl mall

Offspring
were called |- = = = — -

as F1 or -? seIf— _>The FZ

generatlon



Seven pairs of contrasting traits and the results of Mendel’s seven monohybrid crosses of the garden pea

Contrasting traits

F, results

F, results
5474 round

Seed shape round/wrinkled ‘xo all round 1850 wrlnklad 2.96:1
Seed color yellow/green B  ———) ol yellow—{¥8§$ )éfgg:v 3.01:1
- o 287 full
Pod shape full/constricted M “M —}all full 208 conistrictod 2.95:1
?“" 428 green _
Pod color green/yellow Jx el all green 152 yellow 2.82:1
AT A Vo §
Flower i i . Py - o (W . 705 violet _
color violet/white .‘;/‘E' * A {-__.f‘ ﬁ all violet 554 white 3.15:0
s L 1}"1{:‘
Flower " ' " 651 axial .
position axial/terminal el all axial 07 terraiidl 3.14:1
Stem 787 tall :
height tall/dwarf el 2l tall 577 dwarf 2.84:1




MONOHYBRID CROSSES: THE PRINCIPLES OF DOMINANCE AND SEGREGATION

Results of Mendel’s F1 Crosses:
When Mendel crossed plants with contrasting characters for the same trait (for example All round), the resulting
offspring had only one of the characters in F1 generation.

Round Y ellow Gray Smooth CGreen Accial Tall
i i - *‘ :r
= T Yy " -9 o v .
P x > x / - J x x - . X €
< @ sl = Ak
wWrinkled CGreen White Constricted Y ellows Terrminal Short
.t)‘ =
o X e
F [ . $ ? -? R \ - _Cl-r
. > > -~ AE N
Round Y ellow Gray Smooth Green Aocial Tall

But the population of F1 generation self pollinated, the resulting offspring had characters of two different traits
3:1 (F2 ratio) . From these, Mendel concluded that:

» Each Phenotype (traits or morphological characters to which we can see) of an organism is governed by a
specific Factor

» Each organism has 2 factors for each of traits (Factors = Allelles = Genes), one trait is dominant and other trait is
recessive . Or it may be said that one factor Is dominant and other factor is recessive.

» The two factors segregates at the time of gamete formation



Mendel’s conclusions: Rules

1. Rule of Unit Factors

Each organism has 2 factors for each of its traits

(alleles: gene alternatives) .31 e Al o) G aals 4dlica e diea IS dalsall 50 2 40 a (S S
(liadl (e daline QIS YY)

2. Rule of Dominance Balumadl () gl

For each trait there exists 2 possible factors that are expressed in

physical characters, one that may be dominant, and the other

recessive. DAY e S5 3 Laaaal dalal) il 8 Lagie Duadl) ol Jal gall (g0 2 ddea JS)
Auaiial)

3. Law of Segregation  cledd) J)jai) o5l

The two alleles for each trait must separate when gametes form.
i) Ui die (Jaadi ) e A JSI Aalal) ol



Expression of Traits 4dall sk

1. phenotype:
physical expression of a gene

ol 5 aUal el 2 (g alal) Jaaill) (5 sedaall 31l
Jshall sh oyslll Jia GASH (5 patlall JSall e cuall s jelay Sl diall (4)

2. genotype:

a make of genes on a chromosome
YY Jiepsmsag SI e Gliall dma s ) ol (Gual) aadll) Suall 51k

3. homozygous:

alleles for a trait are the same
YY Jie lgdi & (e dial) Lo dand OB rclinl) Jilaie

4. heterozygous:

alleles for a trait are opposite
Yy Jie dabisa Lo dasd IV elinll (piliie

* Genotypes
* Homozygous = same alleles = PP, pp

* Heterozygous = different alleles = Pp

1<

214

\

1<

Genotype

PP
(homozygous)

Pp
(heterozygous)

Pp
(heterozygous)

PP
(homozygous)

Ratio 1:2:1

Phenotype

Purple

Purple

Purple

White

>3

>1

Ratio 3:1



E Setf-pollnaton of the
vellow Yellow  Fioffspring produces
| 4 Yy ¥y F; offspring with a 3:1

ratio of yellow 1o green

Yellow Green  seeds.
Sl

Phenotypes Genotypes ratio ratio
Yellow v - *
~ Green ¥y | 2 ] 1




Dihybrid Cross

X

PhenotvneRound yellow i Wrinkled green

RRYY Gamete rryy
il i RY e

P =LY S

All round Jaal

Genotype A
yellow Js¥)
RrYy F1

o Jad

Round Round Wrinkled Wrinkled
yellow green yellow green
RRYY Rryy rrYy rryy

> F, generation produced all round yellow seeds
9 round yellow

3 round green

3 wrinkled yellow

1 wrinkled green

> F, generation produced :

Punnett Square
for Dihybrid Cross

»

RrYy
,,/7 \\
RY Ry ry ry
J P9
RY | RRYY | RRYy | RrYY | RrYy
g 9 9@
Ry | RRYy | RRyy | RrYy | Rryy
g 9D
rY | RrYY | ReYy | mYY | Yy
g 9D
ry | RrYy | Rryy | Yy | rmyy

|

F, Generation




Punnett Square for Dihybrid Cross

(Cross between 2 parents that are Heterozygous for two traits)

Round Yellow Seeds X Round Yellow Seeds
RrYy X RrYy

Law of Independent assortment —

» different traits are passed independently of each other. OR

» Genes for different traits are inherited independently of each other.

» All possible combinations of gametes with the two traits must be
considered possible.

/ o o) lpany o Jie JS& ddliaa) Gliall duy ) g8 25 sl 55l o518
auyt,;nCﬁ}ﬁmmj’\ﬁtgjﬁgjgaud\a'qe_;:\m\';!\c_,t_g,;!\QAGDJSQ}A;;JMA\U_M.A\wc})wﬁigdmo\qﬁcj\j\sjﬂ



Did this mean that the two dominant alleles would always stay together?

When Mendel let the F; self J
pollinate, he got a definite ratio L
of visible phenotypes: il s Ol

9 with both dominant (RY)-Round B R [ RE IR

Yellow g 9| PP

RY | RRYY | RAYy | Rr¥Y | ArYy

3 one dominant and one recessive
J / . 0 » O

(Ry)-round green '.| Ry | RRYy | ARyy | Arvy | Ay

3 one recessive and one dominant “?‘i O P DI

(rY) — wrinkled yellow ry | Reyy | Revy | mYy | myy

9 999

1 both recessive (rryy) - wrinkled v | By | Ry | oYy | mwy
green | |
F; Generation
s el 3R (e 803ma i e Jomn L3 il FL Jaie o i Laic

1




MONOHYBRID CROSSES:

Conclusions/ Rules:
The principles of Dominance and Segregation

From these, Mendel concluded that:

* Each Phenotype (traits or morphological characters to which we can see) of an organismis
governed by a specific Factor

e Each organism has 2 factors for each of traits (Factors = Allelles = Genes), one trait is
dominant and other trait is recessive . Or it may be said that one factor Is dominant and
other factor is recessive.

DIHYBRID CROSSES:
Conclusions/ Rules:

The Law of segregation or Independent Assortment

 The two dominant and recessive factors remains in a pair but segregates at the
time of gamete formation
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P, Monohybrid Cross

Trait: Seed Shape

Alleles: R —Round r— Wrinkled Rr —-F1
Cross: Round seeds x Wrinkled seeds
RR X rr Selfing
r r Genotype: Rr
Phenotype: Round
R| Rr Rr |
Genotypic
Ratio: All alike
R| Rr Rr

Phenotypic
Ratio: All alike




P, Monohybrid Cross Review

Homozygous dominant x Homozygous
recessive

Offspring all Heterozygous (hybrids)
Offspring called F1 generation
Genotypic & Phenotypic ratio is ALL ALIKE



F, Monohybrid Cross

Trait: Seed Shape
Alleles: R — Round

Cross: Round seeds x Round seeds

r— Wrinkled

Rr X Rr
R r Genotype: RR, Rr, rr
Phenotype: Round &
R RR Rr wrinkled
/ G.Ratio: 1:2:1
ri Re | rr

P.Ratio: 3:1




How to Make a Punnett Square

Punnett squares allow geneticists to predict the
possible genotypes and phenotypes of offspring.

In this example, both Make the grid

parents are heterozygous Place the alleles of the

for yellow-pea allele (Yy). gametes of one parent
along the top of a grid
and those of the other
parent along the left-

hand side.
Parent 1 Yy b Y y
2
¥
Parent 2 Yy -
y

2Fil|inthegn'd

Combine the parent
alleles inside the
boxes. The letters
show the genotypes
of the offspring.

Y y

Fill in the offspring
Use the Law of
Dominance to deter-
mine the phenotypes
and phenotype ratio of
the offspring.

y ¥y [—=yy

¥ y
-:'? =

Y YY Yy
2| @

y Yy Yy

The genotype ratio is
1:2:1, meaning 1 YY,

2Yy 1yy.

The phenotype ratio is

3:1, meaning 3 vellow
peas Lo 1 green pea.



Question:

Lo gl cliall LSl clanall
1. What is the difference between the Qualitative and quantitative traits ?

2. If you have a wheat plant (TT) and you crossed it with another
cultivar (tt )what the probabilities of having a tall plants at the
second generation F2?

TT X tt - Tt fl

Self Tt xTt



Plant Structure
(Morphology & Anatomy)



Study of external
structure of a
plant




Apical meristem
of shoot

Plant Morphology

Leaflets

Shoot system
e Stem
* Supports and places leaves
e Transports H,O and nutrients

 Leaves
* Photosynthesis

Internode —

Epidermis
Phloem
Node Kylem

* Reproductive structures - Flowers

Seed coat

Cotyledon

Cortex

Root system

* Anchors the plant

* Absorbs water and minerals

 Storage (CHO) & synthesis of some hormones
* Propagation

Root

I
APicaI meristem
of root
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— axillary
internode / Izu .
node T —

)
BN ANY
—
shoot
‘—\,\
root e’a

Root & Shoot Tips

lateral

branch

shoot apical

meristem vein

bud
primordium

i "| i

shoot tip

lateral branch

root hairs

vascular
cylinder

Iateral roots

root apical
meristem

root cap



Dicots and Monocots plants

Flowering plants possess three kinds of vegetative (non-reproductive) organs:
Roots, Stems, and Leaves 380 LGSV s il s siall s (RS e ) A il eliae Y1 e gl il 43505 Led 3, 30 il

The flower is the reproductive organ of the Angiosperms. oall Sl g S suaell (25

« Shoots system consist of
Stems and leaves.

* Functions of Shoots system:
Photosynthesis, Support,
Reproduction, Storage and
Transport

Lateral

* Functions of Roots system:
Anchorage, absorption of
water and Minerals, provides
nutrients for the shoot, storage
for food

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 35.2 Vegetative Organs and Systems
© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co



Seed Structure

gymnosperms sl @b jle Angiosperms sl S
(L™ lile) sias ) o ld) J8 5%
A 3)..3-} (’EJ;\_’ 45ala C'_".J) 33 5 )N (U:\ﬁh
Pine seed Com kernel Bean seed
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Y CU,A pa— EXC
,?( Endosperm (3} - \ Embeyo - Seed cont
3 Onec
l ) Seed cont ' 7:.’..
phmue)
r A0 iadl 31,
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Cotyledons NEY indde

/ Ol \ - S oall sl 3
Embryonic [~— a Cotyledons —

p :
root (rackcal) Seed coat Al

fused 10 ovary wall

~. Female
gamatophyte
tissue (10)

* Aseed is a sporophyte embryo with its own food supply in a
protective coat 5wl ansi Al 5 Adle 85 jae AHAE 3 pay 3530 & 5 Chtin A B

* Seed plants (gymnosperms and angiosperms) retain their spores



Plant Seedling

dicot monocot

— Monocotyledons (Monocots)- have a single
seed leaf

- Dicotyledons (Dicots)- have double seed leaves



Seed Germination

Monocobkyledon {corn) Dicotyledon (bean)

Seed coak Seed coak

Endosperm First true leaves P

Twio cobyledons

Single cokwledon i ;
““f N Leaf sheath Endosperm ( H i_ '-_‘_‘:_x__ ﬂe vEins
' \ i [ ATy _ .
[ g 1 W N, (7 I gy L
| ! | Lo N vk N A TR
'lll j_' . i I!. é -I"--' -| ll P -_-"-- -'.:r'-_.' __-::'- -'\'\-\._:‘-\. 9 1 ", |
! Firsk Erue %Q‘R 'll' [ W T
s JF leaves -%ﬁa W Parallel Two cobyledons == : ﬂ_ e
e Embryonic )‘"’"‘4\ WEIN= 4 A
Ly roak ' 1 Withering
| ' Leaf sheath 8! cobyledons

Corn Grain First leaf

. Leaf
o] sheath 4T
1 k] o
"1':-:!'#' i
Fibrous i
rooks \

Seed coak




Function -
absorption,
anchorage

Structure - root
capbs il root
hairsdis & i,
endodermiss_n<dl
FIREYIN{

epidermal cell —

air space

root hair

developing
root hair

cell of cortex —+—
B.

Roots: Specialized for H20 and Nutrient Absorption




Root Types: Adventitious & Tap Root System

;&\ j.ﬂ dae L s [ , /
Fibroussa f ) ; / . | \*f/ I
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Tap Root System

 Develops from the primary
root.

* Reaches deep into the
ground

« Helps the plant during
periods of drought.

@y )
el Al e Ly
oA el ) de

alaall <l yid IO alall aelay




Ll saall (an
glazll o)) YAY ) aTi
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Tap Root Modifications:

Storage Roots

- . .

4aby A5 )9

Storage roots
Raphanus sativus, Radish

Storage roots, Sweet potato



Carrot: Tap Root modification

* Function: Storage of water.

« Carrot plants are often
associated with very sandy
soils.

e The root modification allows
the storage of water in the
cortex and central stele.

« The mass of the root
stabilizes the plant in the
loose sandy soils. .
y olsall (A0 rAds
Aale )l 4 1l 4 geny e Llle
ol g padll e shay el Caglle gy s

A S el Aile sl ) shans¥1 5 8l (A olaall (330 pmansy (g 53a ] sl
ASSaal) e A ) 6 el ey 3al) AL




Fibrous Root System

 Develops when the

; secondary roots
o) 53l Bac Ll .

T el become the main roots.
Props«le2
buttress scluw

Cimbings-="  « Shallow  roots  but

@D
Respiratory -~ spread over a broad

Aerial 2 sl

parasitic ixass - 4lik area. FI BHD US

* Helps prevent erosion.

(i i) A s
e Al Lt e S sl d s 1 g o st Rl el gl S sk 5 LG
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; Prop roots ...

o) 53l Bac L
Fibrous, s Prop roots (also adventitious)
Prop s«le-
buttress saclus
Climbingaluiall
Tuberous s !
Respiratory ~aiill pasesrs
Aerial S sl [ 2
parasitic xacs - Llsh | £==




buttress roots ... ..

;&\}ﬁ s gl
Fibrous &4

Props<le2

buttress saclua
Climbinggsluial)
Tuberous !
Respiratory sl
Aerial s s¢l)

parasitic Axacs - Ll

buttress roots, rusty-leaved fig

3ac lia ‘)‘9..3.;



;t\}ﬁ sae Ll
Fibrous 4

Prop s<le-

buttress el
Climbingsluiall
Tuberous s
Respiratory il
Aerial 2 sl

parasitic duacs - 4lik

Climbing roots
Hedera helix




;&\}ﬁ 3o gl
Fibrous s

Props<le- Tuberous root

buttress sclus Sweet potato
Climbingludall
Tuberous s
Respiratory il

Aerial s s¢l! p—

parasitic dxac - il




)l 32 el Respiratory roots «. ..
Fibrous &4 .
Prop oale. Pneumatophores (respiratory roots)

buttress saclue Avicennia marina, black mangrove
Climbingluiall
Tuberous s
Respiratory sl

Aerial & s¢ll
parasitic Lracs - Akl




;t\}ﬁ 3ac gl

Fibrous &

Prop s<le-

buttress saclua

Climbingluiall Aerial root
Tuberous=,Y  Ficus bengalensis 2%
Respiratory il "
Aerial s s¢l)
parasitic duacs - Alik




&) 5l Bac gl
Fibrous.&l Haustoria — parasitic roots
Prop‘;‘l_‘;g R | O RPN
buttress el
Climbingsluiall
Tuberous !
Respiratory il

Aerial s s¢!
parasitic ixac - Alik

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.



Shoot system

(Stem + Associated Leaves)

Functions:

 Support for and the elevation of
leaves, flowers and fruits.

LEAVES
* The stems keep the leaves in the light

and provide a place for the plant to
keep its flowers and fruits.

e Transport of fluids between the roots
and the shoots in the xylem and
phloem



Stem Habit
=relative position of stem (+ growth, structure)

inflorescence #

v
Q‘
'
Q\
f?
\ % prostrate

Gk o) Caal ) Gla 5d Gl

acaulescent caulescent cespitose
N S Gle 3 cils (d*aé ) Qm Ol g3 il

<«— new
growth

| —
growth

arborescent suffrutescent Ja s decumbent
o Gl saclal Ludaie Gl chie Bl




lateral branching
i) g A

Dichotomous Branching
(ra8) i A

Stem Branching (bl g )i

lateral branching
csiladl g 4l

Monopodial Branching
s5aall (Gala £ i

Sympodial Branching
dlGis g g

/
axis derived —>» &
from multiple sympodial
apical meristems unit |
sympodial units
sympodial
teminal apical meristem abortive
bud divides equally terminal meristem
* {ateral lateral
& bud branch
lateral lateral branch * ’ ’
bud sympodial
unit
monopodial ) Dichotomous sympodial T
_ axis dqrived frpm Branching la}xils deyiVTd fro_m
single apical meristem ( g-‘é) el ‘;‘m multiple apical meristems




Apical Dominance 4xill 5wl

Usually the growing terminal bud inhibits the development
of the lateral buds, a phenomenon known as apical
dominance - as the influence of the apical meristem lessens
the growth of the lateral buds which proceed with their
development. gl 5l aly LI o3 ey el pe )l sl s el pe ) sai e

Apex Hormone {Auxin)
(terminal bud) jﬁ moves downwand
-

whb
Auxin
Inhibits ‘] v
lateral
bud break A i
Imhitits lateral
shoot growith
Bud
Scale
Socur “'-m._h_“i
Auxin
Increases crotch
angles

Wadkington family arboretur website

strong apical dominance: weak apical dominance:
Jeffrey pine silver maple

Bud Scale Scar

e



Apical Dominance 4adl) 33l

Apical dominance is the phenomenon whereby the main, central
stem of the plant grows more than other side stems.




Stem (Shoot) Types &
Modifications (lasd) gl £ )

Copyright & The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

Types of Modified Stems (1)

Fleshy leaves Photosynthetic
leaf

de}‘

Knob-like stem

Scale-like leaf
at each node
Baie (S e 4l a )

Rh izome

Adventitious
roots
dam e Hsda

Bulbs (onlnn) - Flhlzumes (lrls)

; el alw
(Ao o) s (3l el i 3
Ae 5500



Copyright € The McGraw-Hill Companies. Inc. Permizssion required for repreduction or display.

Types of Modified Stems (2)

Stolen
- Tuber (swollen
tip of stolen)

(C.A.m' e 3 S\.AE) a4

Nodes (axillary buds
adjacent to leaf scars)

g stolon 4l Bl ()

Runner § e
Runners (strawberry) Tubers (potato)

Uy ¢ Ay s Gl b Gl



Copyright € The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

Types of Modified Stems (3)

Leaves (modified

as SplnES) ) 555 5 5ake Gl
N

e (R W | e L e .1.__.11..5’: E I
A5 CI.adnthHS
o <4 (prickly pear)

Tendrils (grape) -



Onion Bulb




Txees of Seecialized Stems

7 axillary bud

flattened
stem

“cladophyli

b

typical leaf
scalelike leaf
at each node
fleshy leaves
adventitious roots

rhizome

runner

stem tendril 2



Leaves

* The leaf- Is the main photosynthetic organ of most vascular plants

* Leaves generally consist of a flattened blade and a petiole, which
joins the leaf to a node of the stem

* Leaves may appear different based on whether they grow in shade
or full sun

* Some plant species have evolved modified leaves that serve various
functions

— Climbing, pollinator attraction, storage, digestion, prevention of
water loss, etc.

Simple leaf

External Parts of the Leaf:
e Petiole G
— Leaf stalk or part that connects
the leaf to the stem.
* Blade J<i
— The large, flat part of a leaf.
*  Midrib s G2
— The large center vein.




Leaf Types

ey,
leaflet

™ sl el
\ midrib
s /.
blade

\ L5083y
secondary

veins

e bud 7 .
petiole stipels

midvein

petiolule
44l e
petiole

A 8 Ay YA je 48
imparipinnate

ANCIT I M ! N4

/| &

'ixmple pinnately compound paripinnate
Mﬁ)} %)245)423)} don g dndy ) AS e 4l
(b) Compound leaf (Pinnate). (c)
(a) Simple leaf. Aady ) 48 5 48
dayy 43,4 In a compound leaf, the blade

A simple leaf is a single,

undivided blade. Note that a

axillary bud at its base.

consists of multiple leaflets.
leaflet has no

petiolule

rachis

rachilla > petial
48l 25l sl

bipinnately compound
A 9 e Ay ) AS 50 43l

Doubly compound leaf (Bi-
pinnate).

da 9330 dady ) 48 40 48
In a doubly compound leaf,
each leaflet is divided into
smaller leaflets.



Compound Leaves
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palmately pinnately Bi-Pinnately Compound Leaf
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Leaf Venation 43! (3 s

Parallel venation

Pinnate venati

Palmate
venation

— g @

Parallel-veins extend the entire length of the leaf
with little or no cross-linking
— ) A

Pinnate-leaves have one major vein from which
others branch
— b @

Palmate-leaves have several veins which branch

Copyright & The McGraw-Hill C ies, Inc. ission required for

ion or display.

Dicot and Monocot Leaves

Reticulate Parallel

S5




Leaf Adaptations/ Modifications

(a) Tendrils. The tendrils by which this
pea plant clings to a support are
modified leaves. After it has “lassoed”
a support, a tendril forms a coil that
brings the plant closer to the support.
Tendrils are typically modified leaves,
but some tendrils are modified stems,

as in grapevines.

Some plant
species have
evolved modified
leaves to serve
various functions.

(c) Storage leaves. Most succulents,
such as this ice plant, have leaves

modified for storing water.

(e) Reproductive leaves. The leaves
of some succulents, such as Ka/anchoe
daigremontiana, produce adventitious
plantlets, which fall off the leaf and

take root in the soil.

(b) Spines. The spines of cacti, such
as this prickly pear, are actually
leaves, and photosynthesis is

carried out mainly by the fleshy
green stems.

(d) Bracts. Red parts of the poinsettia
are often mistaken for petals but are
actually modified leaves called bracts
that surround a group of flowers.
Such brightly colored leaves attract

pollinators.



Tendril



Spiny leaf- Cacti spines




Succulent leaves




Brightly-colored leaves-




Leaf Modifications

(d) Poinsettia leaves attract pollinators. (e) Pitcher plant leaves trap insects. (f) Flowerpot plant leaves collect soil.

Cross
section

Flowers

Digestive ¢ f S
= enzymes ‘ .= Adventitious

"a.r. s
Leaves =
roots

Ciopynght € 208 Prarsan Benjamin Cemmings AN rights resanaad



Modified into Sharp structure for protection

=Thorn — Hard, long, sharp-pointed
=Spine - Hard, rigid extensions of leaves
=Prickle — Hard, sharp pointed

Prickles Thorns Spines



Tentacular Leaf

A leaf bearing numerous, sticky, glandular hairs or bristles
that function in capturing and digesting small animals, e.g.
Drosera

Tentacular Leaf - Drosera spp (Droseraceae)



Carnivorus plants

* Insect-Trapping Leaves in areas with low soil Nitrogen

* Insect digested by enzymes to release Nitrogen from proteins

Trap Leaf of Dionaea muscipula capturing fly



Leaf modification

(Pitcher plant leaf)




Modification of leavi

Reproductive Leaves - Ie mgpft //j/ 4
of a new plants at tip c Ieaf




Shade Leaves

Sun Leaves

Grown in shade Grown in sun
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