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Chapter 1
THE SCIENCE OF BIOLOGY

After studying this chapter, students will be able to:

Define Biclogy.
State that the Holy Quran instructs to reveal the study of Life.

Define major fields of Biology as Botany, Zoology and Mlcm sioiDe y@.m

Define the sub-fields of Blulugy ““

o |dentify thecareers in Biﬂlugy

¢ Explain with examptes how Biology is a subset of the natural sciences and of the life
sciences.

® @& @& o

® Justify with examples that science is a collaborative field that requires interdisciplinary
researchers working together to share knowledge and critique ideas,

e Describe the steps of the scientific method.

® _Evéruate the terms 'hypothesis', 'theory' and ‘law' in the context of research in the
natural sciences. '

Ever wondered how plants grow or why animals behave the way they do?
Science is all about exploring these mysteries! It's a- syﬁi&maﬂe:‘ way of
studying the natural world throughﬂobsEryaﬂqq &mﬂ @xperimentation. To
make it easier to learn, 51..,1§T‘ILF_' is &,wt(eid miﬁ}di‘ﬁé?elft branches like Biology,
Physics, Chemistry, and“{hﬂ&“@h@hﬁ:‘t!ﬁs 1n this chapter, we will dive into the
fascinating wcrldJ qf*&:tbtﬁ@‘y that's the study of living things. We will see how
biologists uséfméntaﬁc method to solve biological problems.

5




THE SCIENCE OF BIOLOGY

1.1- BIOLOGY AND ITS BRANCHES @ GO

Biclogy is the science of life. Therw @%@ 163 from two Greek words
1.e, "bios" (life) ang “loggs* ; res the structures, functions, and
interactions of hw% E§ h AsT Understanding Biology helps us to address
issues T ftooRealth, food, and the environment. Biology offers a
fascina ourney of discovery from the microscopic world of bacteria to the
vast ecosystems of our planet.

s e wee— = e g e ] e - P e e & - -
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\ } — 5 -t 3 ey WO g R L
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Biology is a vast field that explores the incredible divers;

_‘-_",.l-.

ey

ty of life on Earth. T
better understand this complexity, scientists have divided Biology into three
main fields:

0

Zoology: It is the study of animals, including their structure, function,
behaviour, and diversity.

Botany: It is the study of plants, includi %i@@@m, growth,
reproduction, and interactinn@m@@% o)

Microbiology: The ganisms, such as bacteria and
microscopic fun @ | icrobiology. It includes the study of the
structu@%@@ﬁ, abitats and reproduction of microorganisms, and their

impacts'\oh health and environment.

Biology is divided into different branches to better understand the aspects of
life.

Morphology is the study of the form and structure of organisms.
Morphology studies the outward appearance (shape, colour, pattern, etc.) as
well as internal structures, like organs.

Anatomy is the branch of Biology that explores the internal physical structure
of organisms, particularly humans. It helps in dijse is, medical

device development, and irnpruvincg; qerali udy of the organs
of the digestive system. - ﬁ
@)

S
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THE SCIENCE OF BIOLOGY v d

Physiology is the branch of Biology that deals with the functlopmg of body
parts. For example, how the bloﬂd rcu! (;;@.i ports vital
substances throughnut the bod i‘ﬁﬁ

Histology is the mlcr ﬁ}j sﬁes Tissues are groups of cells that

have similar funct éxamination helps in disease diagnosis, drug
studies, a andmg organ structure and functmn
Cytology is the study of cells ie., the ! %) el -_ |
building blocks of life. Cytologists ! ;?E ‘human h“’d}“ 2l 2
unravel the fundamental structures of | " o cells. Various types. _°f @1 i
ur\iuuestrum : 2
cells and their organelles. They aisor ki
study the mechanisms of cell division. NERE SR e S

Molecular Biology deals with the study of biological molecules like
carbohydrates, proteins, lipids, and nucleic acids. Molecular biologists also
study fundamental life processes, develop drugs, and create genetscally
modified organisms.

Embryology is the study of the pfgc @b arganism from
fertilized egg. In thls anc @ 2 e and organ formation,
identify birth defects %?@[ ical treatments.

Genﬂlcswuﬁh of Biology that deals with the study of transfer of
characteristics from parents to offspring. In Genetics, scientists also study the
causes of genetic disorders,and develop better varieties of plants and animals.

-------------------------------------

Palaeontology is the branch of Biology .

,Fnss’ﬂs are the %ema?ns of plants
that deals with the study of fossils. The wﬂaaxmmpreswadmmmm

examination of fossils helps scientists to | mrwgmmm

know the evolutionary history of & f ssﬁ T
organisms. For example, dinosaur fossils | o s e

-|.- =t
n.----n.--n--—-h- -

mm o to be “35
provide evidence of giant reptiles that | g;mmgw |
roamed the Earth millions of years ago.  “......000. -,-
Taxonomy is the branch of Biology that deals wi frcatmn of
organisms into groups on the_ bgqls ﬂ{—’ﬂ diﬁerences
Classification of orgam ag'\ U derstand the diversity of

s hel
life, identify new spe t\i oh]‘fmnary relationships.

YWY !




THE SCIENCE OF BIOLOGY

Ecology is the branch of Biology that deals with the relationships between
organisms and their environment. Ecology helps to cons @'@diversity and

address environmental problems. The N @J}rﬁ ce, illustrates the
interconnectedness of or anism%\y; ne trients.

O i
Marine Biology is tﬁf%\ﬁ@\g\ﬁ iology that deals with the study of life in

2t

address marine conservation issues. For example, coral reefs support a wide
variety of marine life,

oceans. It hﬁ\jﬁ?\w\}hﬁd’erﬂand ocean biodiversity, discover new species, and

Pathology is the study of diseases, their causes, and effects. Pathology helps
in disease diagnosis, prevention, and treatment. For example, pathologist
studies how the uncontrolled division and spread of cells causes cancer.

Immunology is the branch in which we study the components of the immune
system and their role against diseases. Immunologists study to develop
vaccines, treat autoimmune diseases, and Improve immun{g@espanses to

infections. 1
infections ) m{ @O@@
Pharmacology is the branch in “@@i@?@ s and their effects on the

h
body. This helps in tt of new drugs. For example, new
antibiotics are d%ﬂﬁpﬁ are used to kill bacteria and treat bacterial
infections. “\f“\J\[]\EI\-

These are just a few of the many branches of Biology. Each branch offers
unique insights into the fascinating world of life, contributing to our
understanding of the complexity and beauty of our planet.

1.2- RELATION OF BIOLOGY WITH OTHER SCIENCES

Biology is closely linked with other natural sciences such as Chemistry,
Physics, and Earth Sciences. These connections help us understand life
processes, environmental interactions, and the complexities of living
organisms.

-{;E"
The following are a few examples of(rﬁw\gﬁf'. @g@@\e}d with other
sciences. Qralk M b
O

1. Biochemistry _ fﬂf\@m

Biachemistww of the structure and reactions of different chemical
substances present in living systems. The study of the chemical reactions of
photosynthesis and respiration are examples of Biochemistry.

8




THE SCIENCE OF BIOLOGY

2. Biophysics - @@(ﬁﬁ

: ; o "’__“\:\\ll fa ) : :
It deals with the study of the principl f@ apply to biological
processes. For example, ioph ﬁg the fules of lever and motion
for understanding th uscles, bones and joints.

3. Cump@m\ﬁ;ﬁw

In Computational Biology, scientists use Mathematical models, algorithms,
and computer simulations to understand biological systems and relationships.
It involves analysing biological data, such as sequence of amino acids in a
protein. '

4. Biogeography

It deals with the study of the distribution of living organisms.in different
- geographical regions of the world. The influence of climate change on the
distribution of organisms is also studied in Biogeography.

5. Biostatistics
It deals with the principles of |~

statistics to analyse ae) inte %'
data related to IMHM &Y
Biostatisﬁw role in
biological \reésearch, healthcare,
and public health etc.

6. Biotechnology . BIOLOGY

It deals with the use of living
organisms or their components to
develop beneficial products or
processes for various fields,
including healthcare, agriculture,
and environmental management.
For example, Biotechnologists use
bacteria for the production of
insulin to treat diabetic patients.

s

c@ﬁ'&'fw :




THE SCIENCE OF BIOLOGY

7. Bio-economics
It deals with the study of org

economics, scientists CE'CU'EI’E

et

e.g. production of new

1.3- CARWIOOLOGY

The students of Biology get a comiprehension of the various phenomena of
life. After their FSc with Biology, they can select further studies for diverse

careers, for example:

1. Medicine and Surgery

anisms f%

D&Wlew In bio-

uf the blulnglcal projects

The profession medicine | More Careers in Biology

deals with the diagnosis and :

treatment of diseases, In || Career Wgor S

surgery the defective parts || Veterinary Dnagnnsma d tre of diseases

of the body are repaired, Medicine - Jgﬁm%n animals

TEP|aCEd i .remDVEd' For o : 8 \“-/é}i}wng[‘ljssues related to pollution

this profession, stu (| cé and natural resources

need to compl . R ; .

Rachelor tedicine, | Microbiology | Research on mrf:rfmrganlsms to

Bachelor of Surgery (MBBS) | EOssaI ac iR

degree. Genetic Providing support to people on
Counselling genetic conditions and testing

2. Dentistry
Dentists specialize in oral

Nutrition and

Advising on proper dietary habits to

health. They diagnose and [| Dietetics promete heaith,

treat dental diseases and || Public Health | Improving the health of
perform surgeries. For this communities through education,
profession, students get a policy-making, and research.
4-year Bachelor of Dental [ =~ ‘
Surgery (BDS) degree. Eﬂ’pﬁﬂ"ﬁ\

3. Pharmacology of\ ﬁ Hﬁé}}la ics | Analysis of biological data by using
Pharmacologist m ) computational tools

effects of d %\Jn human ! B Ei75 1

body and develop new

medications. For this career,

10




THE SCIENCE OF BIOLOGY

a Bachelor of Studies (BS) degree in Pharmacy or Doctor @harmacy (D.
Pharm) degree is required. V\J(‘; DrEGO
4. Physiotherapy o Q{ /S\TU \m
It is the therapy th @d&g estare movement and physical function of
body thatq |mpa|red by disease or injury. Physiotherapists use
physical exercise and physical modalities (such as massage) to improve
patient's physical movement. To become a physiotherapist, a 4-year BS
degree in Physical Therapy or Physiotherapy is needed.
5. Fisheries and Wildlife
Fisheries and wildlife departments also offer jobs to the biologists after a BS
and Master of Studies (MS) degree in Zoology, Fisheries or Aquaculture.
6. Agriculture

Agricultural scientists improve farming pracnces crop production, and

sustainable agriculture techmques A 4year rrculture IS
required.

7. Animal Husbandry

This field |Wh& nd caring for livestock to improve their quality
and produ For it, students can pursue a 4-year BS degree in Animal
Husbandry.

8. Horticulture

Horticulturists cultivate fruits, vegetables, flowers, and ornamental plants. A 4-
year BS degree in Horticulture is required for it.

9. Forestry

Foresters manage and conserve forests and wildlife. For this profession, 4-year

BS degree in Forestry is necessary.

10. Farming

The professionals of farmlng prepase fﬁrmﬂ&@gs poultry farms,

fruit farms. In such f ise animals for food and
other products. A 4- in Agnculture or specific farming courses

is reqmre% SSIDF‘I

11
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\
: ® a o=
11. Biotechnology
K

sses to develop products and

Biotechnologists use\\j
technoloWL riculture, and more. A 4-year BS degree in

Biotechn r qufred for this.

12. Forensics

Forensic scientists analyse physical evidence from crime scenes in criminal
investigations. A 4-year BS degree in Forensic Science is needed for this.

1.4- QURANIC INSTRUCTIONS TO REVEAL THE STUDY OF LIFE

In the Holy Quran, there are several verses that highlight the study of life.
Here are a few Quranic guidelines that encourage exploring and reflecting on
the study of life:

buk 9% G 2 WLT27

O&slsn s ;(Jiw >3 ©®m
“We made every living thing.from W@% Verse: 30)

The Quran mentions @%Wé%g iving things were created from

water.
o]
Water isﬂMﬁs a divine blessing from Allah.The average water content

in different organisms ranges between 60% to 90%. The above Verse hints at
the common origin of all living things in the water.

0 JETE fale Badliy 38

“He made man from clay like the potter” (Sura: Al-Rehman, Verse: 14)

By the hints given in both these Verses, we can find the events that occurred
in the creation of human beings. We are advised to think over the possible
ways through which such events might have occurred. Allah also hints at the
method of the development of animals including human beings.




THE SCIENCE OF BIOLOGY

“Then fashioned We the drop a clot, then fashioned We the clot a little lump,
then fashioned We the little lump bones, then clothed the bones with flesh."

x s H . i
(Sura: Al Mumf:qmon* Veriﬁ@a@gﬁw

Quran also describes the cnm%n?’éi{t%(iﬁgai% _jﬁcatiun of animals.

HER P 0, A~ ;_;;”{{ G2 2w % U20TZ 0,
R w&w‘w%ﬁwﬁe 5 BG4
.-O.f "1’1"'h f!,h:’tf'!;T ”-" 2 22 ,

Xy 5508 ey TERGE W Je stifoiad s
“Allah hath created every animal from water. Then some of them creep up over

their bellies, others walk on two legs, and others on four. Allah creates what He
pleases. Surely, Allah is most capable of everything.” (Sura: Al-Nur, Verse: 45)

This verse explains that Allah created early life in water (fishes) and ttien
animals with limbs were evolved. Among such animals some were created
who creep over their bellies and then some were created who walk on two
and some on four legs.

7 O)@
1.5- SCIENCE AS A COLLABORA ‘iﬂ@a
O

Science is a collaborafik : Ich” researchers from various disciplines
(fields) wnrw & complex problems. Interdisciplinary teams can
tackle prob ore efficiently by leveraging the strengths and expertise of

each discipline. It often leads to quicker and sustainable solutions. Let's
discuss a few examples of interdisciplinary collaboration in science:

Human Genome Project

The Human Genome Project aimed to sequence and
map the entire human genome. This project was
completed in 2003. It involved researchers from
various disciplines, including molecular biology,
genetics, informatics, and computer science.

A Hﬁl{@ﬂﬁ@. The Human
LY m‘_‘\y *f‘ﬁ*—‘“’ﬁgmme Project
affing ity

ierce, ecology,

Climate Change Research
Climate change requires collagcﬂthg,ﬁ{'
disciplines, such as aﬁ@@@ﬁu
economics, and W@ B

W

13




' THE SCIENCE OF BIOLOGY

Maedical Research
Medical research often depends on interdisciplinary colla rgratlun For

example, cancer research involves Dnculogtsts (canc » biologists,
biochemists, geneticists, pharm B&\s\?@ &211’5

ol
Robotics and Artlflcﬁﬁ\ %

The field nd" Al is highly
interdiscipl It mvoives computer science,
engineering, mathematlcs, neuroscience, and
psychology. This collaboration has led to
significant advancements in robotic systems,
autonomous vehicles, machine learning and

natural language processing. FIGURE 1.3: Robotic and
' artificial intelligence

Space Exploration

Organizations like NASA and the International
Space Station (ISS) involve scientists from various

fields, including astrophysics, planetan,r science, ((Blology, and
medicine. These collaborations enalgj 8 tT'ne COSMOS.

Scientists +J e \Spec] ic steps for doing scientific work or research. These steps
are called the scientific method. For biological research, these steps are called
biclogical method. The following steps are involved in scientific method:

Recognition of a scientific problem
Observation

Hypothesis

Deduction

Experiments

6. Results

1. Recognition of a Prubtem ﬁ]&\ @0 \X\
The first step involves ntl cientific problem (specific
issue or phennmeno ants to investigate. Such problem is

either aske r comes in biclogist's mind by himself. For

Ll S Ay




THE SCIENCE OF BIOLOGY
example, a biologist notices that plants in an are ng taller than
usual. He develops a scientific proble W ?‘é’éponsible for the
increased growth of these pf ﬂl\ ecomes the starting point

for a scientific mqu:%\\ U\

2 Obserw

Scientists“make observations about the problem. They use five senses for
making observation. They also read and study the previous researches on the
same or related problems. Observations may be qualitative or quantitative.

Qualitative observations involve observations that cannot be measured with
numbers. For example, the colour and texture of a flower,

Quantitative observations involve measurements or numerical data that can
be expressed in terms of quantity. For example, the number of birds in a tree.
Quantitative observations are more accurate than qualitative because
quantitative observations are invariable, measurable and ceéﬁ@recurded in
terms of numbers,

st d@@ﬂ

On the basis of obs ﬁ§§6;3 ists ¢ R R 7 TR g
develop a st may prove the | Information is also gathered b? fﬁiﬁdﬁ?ﬁ
answer o sclentrﬁc problem under | books. It helps to understand &’“"t'“g‘
study. Such tentative answer of scientific | k"oWledge and formulate a hypothesis
problem is called hypothesis. Scientists - -« - ooo oo

make many hypotheses for a single problem. A hypothesis has the following
characteristics:

® |Itis a proposed statement to answer the problem.
® Italways matches with the available observations.
® It can be tested through experiments.

® There is always a way to disprove the hypothesis.

4. Deduction "/_\ QQW\N

Scientists develop logical result "E es Suth logical results of
hypotheses are called deductrons follow the pattern of
"if-then" stateme sume that 'if hypothesis is true ‘then’ what
might be t@wﬁ&ﬂmﬁr example:

15




THE SCIENCE OF BIOLOGY
® Hypothesis: “Leaf discoloration and @Wv@(@mplant are
i W L o

caused by a deficiency of iforti l\’[\

S\ :
EE using the symptoms, then adding
rove the colours of leaves and promote plant

® Deduction: “If

gro :

5. Experiments

It is the most basic step of scientific method. Scientists perform experiments
to test all hypotheses. In a successful experiment, one hypothesis is proved
correct and the alternate hypotheses are proved incorrect. The incorrect
hypotheses are rejected and the proved one is accepted. Scientists make new
deductions from the accepted hypothesis. Then they perform further
experiments and confirm the correctness of hypothesis.

z | Experimental Group and Control gro

B L e el y

e (LY VRS 1

- 2| . & i " i .__ ¢ A -l A g l.
1 [ ' 1 W

1 II

"

sts do experiments, they, arange

i
O o

fPrange two similar plants. You will not provide carbon dtmmdeﬁ,:f

group” and the other is caHgd "cor s B
© For example, , ~' heriment to test the necessity of carbon dioxide for:

}
]
"
»
i
(]
i

:. o
ty of carbon dioxide will be proved wh otosy
= [ Iy Sl T I
rs in the control e A g
S ey S S R I L S e RS e i

6. Results

Scientists gather data from their experiments. They use statistical analyses and
graphs etc. to summarize the results. Scientists also include a list of all the
references in the summary to acknowledge the sources of information.
Scientists publish their findings in scientific journals and books. They also
share the findings with other scientists. For this purpose, they create a
scientific report and give presentation in National and Intert@i}ﬁﬁl meetings

and seminars. .. E@W@G@

1.7- THEORY AN&' i\
When EXW ypothesis correct, scientists use such hypothesis
for making further hypotheses. When new hypotheses are again proved by

16
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THE SCIENCE OF BIOLOGY

experiments, the original hypothesis becomes a theory. A theory is supported
by extensive evidence and is repeatedly validated by multlple@c&\?earchers For
example, the theory of evolutmn ex amsrbog\[ 5@@}@1 ge over time
AR

through natural selection.

Scientists keep on tesWes by doing experiments. They try their
best to dis If a theory is proved again and again by
experiments; ecomes a law or principle. A scientific law is a uniform or

constant fact of nature. The examples of biological laws are Hardy-Weinberg
law and Mendel's laws of inheritance.

Experimerita!
roup

Furthes Furttiar
Law / - Theopy !, o
Principle Solution ., ,y\ﬂﬂ ﬂ

Malaria is a common disease in many countries istory; |
including Pakistan. You will know how biologists tkilled ¢
solved the biological problem concerning malaria. § :

ical Problem 1: What is the cause of malaria?

1. Observations

This disease was known to physicians of the {Quinir
ancient times (more than 2000 years ago). In the if
last part of 19 century, there were fuur major
observations about malaria. {‘:\N

® Malaria and m ﬁi&é 1atlon
® Quini rug for treating malaria.

ine.i
I \{\
® Drin he water of marshy areas does not cause malaria.

17




THE SCIENCE OF BIOLOGY

® Plasmodiumwas seen in the blood of malarial patients.

"'

Biologists thought on these observations and discoveries and developed a
hypothesis i.e. “Plasmodium is the cause of malarid’

3. Deduction

They developed a logical result (deduction) by taking this hypothesis as true.
The deduction was; “If Plasmodium is the cause of malaria, then all malarial
patients should have Plasmodium in their blood.”

3. Experiment and Results

In order to test the deduction,
performed experiments. They exar

samples of 100 rna!an ﬂvu“i

persons under mi e
result of thM&nta

® Most of the malarial patients had Plasmodium in their biund.

biologi
o i‘i"}li‘r}
ealthy
ollowing was the

The result proved that the hypothesis “Plasmodium is the cause of malaria”
was true.

The next biological problem was to learn about “how Plasmodium gets into
the blood of man”. Biologists were having following obsematmns

® Malaria is associated with marshes.

® Drinking water of marshe

When biologists considéﬁ%@

was not in th \ a

rvations, they thought that Plasmodium

18
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1. Observations C (JM )
}533 6{3@@#&?\1’:5 Some important

In 1883, a physician, A. F. A.

observations of King r i;&
e People w A{% rs had more chances to get malaria than

mdoors

® People who slept under fine mosquito nets had less chances for
getting malaria than those who did not use such nets;

® Individuals who slept near a smoky fire usually did not get malaria.
2. Hypothesis
On the basis of these observations King suggested a hypothesis: “Mosquitoes
transmit Plasmodium and so are involved in the spread of malaria.”
3. Deduction
Following deduction was made from this hypothesis.

“If mosquitoes are involved in the spread of malaria, then Pfusm should
be present in mosquitoes.”

3. Experiment and Results & @Xﬂ
In order to test th m

Ronald Ross |mpnrtant
experim He_ was a British

army physician who was working in
India.

C}

He allowed a fernale Anopheles mosquito
to bite a malarial patient. He killed this
mosquito and found Plasmodium
multiplying in its stomach. As the next

experiment, he thought to allow an FIGURE 1.5: Ronald Ross with his
infected mosquito (having Plasmodium)
to bite a healthy person. If the
hypothesis was true, the h gy person would have got malaria. B t he did
not use human beings for such risky experiment. “,u © T\

Ross performed his expenment gain I;uj—t3 gﬁﬁ < stead of man. He
allowed female C‘ufex m suffering from malaria.

Then he studied sum

experimental set-up

itoes at different times. He found that
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Plasmodium multiplied in the walls of the mos L{' g\n@g@ﬁﬂ\fahd then
moved into its salivary glands. Hgf allow e(in QYE ad-mosquitoes to bite
healthy sparrows. Ross @p&drm Eém “spa ows got malaria. When

he examined the bloq rows he found many Plasmodia in it. So,
it proved t W osqu:mes transmit Plasmodium. So, mosquitoes are
involved in t read of maiarta

Aedes mosquito transmits dengue fever.

. P e

Expeﬁmmsun Human Beings s ot
In the end, experiments were performed on human bemgs ;g,x test thls

hypothesis. In 1898, Italian biologists allowed an @WE to bite a
malarial patient. The infected m ‘m«e% to bite a healthy
man. This person iater@ w n this way, it was confirmed
that mosquitoes tran ium and so are involved in the spread of

malaria. WJ\\I]‘;“\G\‘“ f‘

)T it

Sparrow  Healthy Sparruw
got _sparrow ill with

malaria ' malaria

malaria

-—h\.

of)
FIGURE1.6: M q Méw and man is transmitted by Culex and Anopheles
A ﬁ! '\ J\ mosquitoes respectively
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THE SCIENCE OF BIOLOGY

° The mam sub-ﬁelds or branches of Biology include:

Branch Study of;

Cytology Cells

Histology Tissues

Morphology Form and structure of organisms

Anatomy Internal physical structure of organisms

Physiology Functioning of body parts

Embryology Development of arganism from fertilized Egg

Genetics Transfer of cha ractenstrcs fro

Molecular Bmlﬂglcﬁ;\d “{Pﬁ\:‘v}%@ es, prutems. llp[ds, and
Biology uclej

Palaeontology
Taxwg\ﬂ\ f‘ﬂ asslﬁ cation of organisms

logy relationships between organisms and their environment
Marine Biology  Life in oceans

Eco

Pathology Diseases, their causes, and effects
Immunology Components of immune system and their role against
diseases

Pharmacology Drugs and their effects on the body

® Students of Biology can adopt careers like medicine and surgery, fisheries,
agriculture, animal husbandry, biotechnology, horticulture, forestry and
forensics.

® The scientific method involves bEEIE steps like rec
prublem, taklng ﬂbservatmns, ma '

i \‘ scientific
g' deductions,

. "'.x_‘;i!\:‘, e T 21




THE SCIENCE OF BioLoGY o o /|

® A scientific theory is an explaﬁatmn based on the facts that have been
repeatedly confirmed through experiments.

® If a theory is proved again and again by ex @?'@Mmes a ia'm&r

rinciple.
: . i . ki i1 21 L._r:*s'-'w?r.
® A scientific law is@{Upifc P 2 ot
S . 1 L-J:‘1 ';.I;'.l "::‘-Li-_:—'?li:i

A. Select the correct  answers for the following questions.

1. Which branch of Biology focuses on the study of the structure and
function of cells?

a) Cytology b) Microbiology
c) Histology d) Ecology
2. The study of the processes of heredity and variation in livin organisms is
known as: ©) I
a) Ecology (Y T J E ég?
c) Anatomy % Q\A “dfEmbryology
3. Insulin made thr \ﬁ’ 15 an example of the technique of:

a) Parw b) Biotechnology
c) Biochemistry d) Histology

4. Heart pumps blood, stomach digests food, and kidneys excrete wastes.
The statement comes from.

a) Physiology b) Anatomy
c) Morphology d) Histology
5. Which branch of Biology involves the study of the classification of
organisms? :
a) Taxonomy b) Physiology
¢) Palaeontology d} Bmgeugra

6. Which step comes between makm enments?
a) Making deductions {:\ @v r\ﬂj aking observations
¢) Summarizing rﬂgﬁ\,\ﬁ\ﬁ ’ d) Analysing data
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¥

Which of the following is NOT a characteristic of the scientifi c method?
a) It relies on evidence

b) It involves formulating hy Dt&ES @Wa ©O

c) Hypothesis will always @

d) It requires rigo

Cho equence of steps of scientific method?

a) Observations — hypothesis — deduction — experiments

b) Observations — hypothesis — law — theory

c) Hypothesis — observations — deduction — experiments
d) Law — theory — deduction — observations

People who slept near smoky fire had less chance to suffer from malaria.
Why?

a) Smoke kills Plasmodium in their blood

b) Fire increases temperature and Plasmodium are killed in air

c) Mosquitoes cannot tolerate smoke and are repelled

d) Smoke kills Plasmodium present in mosquitoes

10. Experiments are very rmportantdjw ientificmethodhecadse a researcher:

(0]

a) Always gets corre resui
b) Disproves man&ﬁ othiese gets some hypothesis proved

c) Is sure ove the hypotheses
d) Ge nce to work in the laboratory

B. Write short answers.

1.

. What is Computational Biology?

Define the following branches of Biology.
Genetics, Anatomy, Palaeontology, Marine Biology, Pathology

Which branch of Biology involves the study of the development of
organisms from fertilization to birth or hatching?

How is the profession of medicine and surgery different from animal
husbandry?

Differentiate between Mnrphulagy and Physiology

N,
What is the role of obse an%&%}ﬁl}bﬁtﬁbn in the scientific

method? ’\R\Kﬁ’m




THE SCIENCE OF BIOLOGY

1. Link the study of Biology with that of Physics, Chemistry, Statistics,
Geography, Economics and Camputer Science, o \5\‘1
/a O u

2. Explain how the study of Blnlogy % ofessional studies.

3. Science is a culiaboratwe ¥(1 ﬂ\ﬁl;h\dcferlrhsts work together to share
knowledge. Prov \ by giving examples,
AN

4. Howa h}' Wsw converted to theory, law and principle?

N .
5. What \:rl'e the basic steps a scientist adopts in order to solve a scientific
problem?

6. Describe the work of different scientists in discovering the cause of
malaria.

7. Write a descriptive note on the experiments performed by Ross.

D. Inquisitive questions.

1. Why is it important to classify biology into d:ffer Qm@ag Qdch as botany,
iﬁ 2O

zoology, and microbiology? Howrgi 3 enefit scientific
\ /'?". '\

research?
2. How can a sment\ﬁ MSCIEHHF Ic method to confirm an observation

that a ceﬁﬁ[ﬁ ant species grows more quickly in shady places than in direct
sunlight?

=y A0 '-Klfﬁtﬁl
—~N ]\J 2 \
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BIODIVERSITY

After studying this chapter, students will be able to:

_ ':ﬁg'f'_ine biedivemty and classification.
 Describe advantages of classification,
List the taxonomic ranks of classification. |
Discuss the history of classification schemes.

broadly classified into,

‘Outline the binoi il
. . %) \quﬁﬁﬁ |

Our piané!lf home to a vast variety of organisms, from tiny insects to towering
trees. This variety is essential for the health and balance of our world. It provides

us with food, medicine, and clean air. In this chapter, we will explore the variety
of organisms and the method of classifying them into groups.

® o & 0 8 o o

2.1- BIODIVERSITY

Biodiversity means the variety of organisms in a particular area. Biodiversity of
an area is measured by considering the number of different kinds of organisms
and the variation within each kind.

Biologists have discovered and classified almost two million kipe ,ﬁﬁ_‘prganisms.
However, they estimate that the total iklir}o:slgfﬁrgféfh@ﬁﬁ:éiﬁ Earth is much
greater. Biodiversity is not evgﬂtg;ﬁ’:jg%@\}éﬂj.'u.\ﬂ'hé biodiversity in a place
depends on factors like climata) altitude;-and soil type. Tropical regions have
more biodiversity than polar‘redions.

o o B e
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| BIODIVERSITY

Importance of Biodiversity
Biodiversity provides many essentiah servi N

humans and the plapy “)-\)(azg\\a&%éa
AN

benefits of b_iodiver?_]; |
Ecosyste { HQ:O Biodiversity helps to

maintain the balance of ecosystems. It plays
important role in biogeochemical cycles such as
carbon cycle, and nitrogen cycle.

Climate regulation: Plants and algae absorb | 'The United Nations has

M : designated May 22" as
carbon dioxide. It helps to keep the climate Intemational Biodiversity Day.
balanced.

It is celebrated to promote the

Natural resources: Biodiversity provides a vast | Protection of biodiversity.
array of resources, from food and medicine to
building materials and fuel.

Economic benefits: Biodiversity @u \ﬂ nE~industries, including
agriculture, tourism, ar@%

2.2- C

Biologists have identified about 02 million kinds fggre pecple don't respect ;

of organisms. Out of these, 0.5 million are the ! biodiversity on the grounds |
kinds of plants and 1.5 million are the kinds of | ihat it is useful for humans. |
animals. It is only a small percentage of the total !gather,  they  respect |
kinds, which live on Earth. Every year, biologists ! bicdiversity on aesthetic and !
discover thousands of new kinds of organisms. To | moral grounds. ;
better study such a large collection of organisms, - s ¥
biologists classify them. Classification is the process in which organisms are
divided into groups and subgroups on the basis of similarities and differences

found in them. ~[15)\ @(@@ﬁ
Aims and Principles of Classificati m\\gﬁ\jﬁyﬁ
. * " . \\ Q _'_,.J--I!'
The main aims of clas W\L A
\
& 1o de’wﬂﬁﬁg' ities and differences among organisms so that they

can ﬂﬂ died easily

b. To find the evolutionary reiation%hips among organisms
2

..........................
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Biologists classify dE 3 nd subgroups on the basis of similar
physical chara ' times, they also take help from genetics. They
find : iMilarities and differences among organisms. Then they use
this indormation to know similarities and differences in their structures and
functions.

Advantages of Classification

. f;u:atfah allows biologists to group similar organisms together,
ﬁﬁ%ﬂg it easier to identify and understand their characteristics,
~ relationships, and evolutionary history. It helps us understand the vast

~diversity of living organisms on Earth.

~ ® (lassification provides a framework for studying and cnmparmg
' different species.

® |t explains the inter-relationship amongst various organisms.
® |t helps in the identification of new specnesﬁ

iecvelutmnary relationships.
e .prov - age or biologists around the

munication in the study of organisms.

Overal s crut:!al for our understanding of the natural world and
for the'conservation and management of biological diversity.

2.3- TAXONOMIC RANKS

The groups into which organisms are classified are known as taxonomic ranks
or taxa (singular “"taxon”). The Swedish botanist Carl Linnaeus devised the
Linnaean system of taxonomic ranks in 1735. In this system, Linnaeus suggested
seven taxonomic ranks i.e, kingdom, phylum (division), class, order, family,
genus and species. In 1977, the rank of domain was added to this system. The
taxonomic ranks are defined as below:

Domain: The highest taxonomic rank is domain. All organisms are divided into
three domains: Archaea, Bacteria, and Eukarya.

N

Kingdom: Domain is further dwtded into kingdo pﬁq@@momain

Eukarya is divided into four ki Fungi, Protista.
TR

A —H@EJ &\“\E ,\ 27




BIODIVERSITY

Pl
Phylum (Division: for plants and fungi): Each - \Em

kingdom is subdivided into Iat& \ﬁr
divisions. i?

Class: Each p(]w%m is d:wded into

related cl

Order: Each class is further divided into related
orders.

Family: Each order is broken down into related
families.

Genus: Each family is divided into related
genera (singular genus).

Species:|t is the lowest level of classification. A
species is a group of similar organisms that can c:::-ﬂ,*;*.@
=i

interbreed and produce fertile fca @@
reproduction) offspri @

%&\

Eukarya Eukarya

Eukarya

Kingdom Animalia Animalia Plantae

Phylum or Division | Arthropoda Chordata Magnoliophyta

Class Insecta Marnmaha liopsida
faM} ﬁ@ P

Order Diptera /f\ﬂg‘\m\%&(‘? 1':’ Fabales
Family @(&\Wﬁg\} A o minidae Fabaceae

Gen hila H Pisu
us c{% :r'\“lm\' M}J ila omo m

Species Drosophila melanogaster | Homo sapiens | Pisum sativum

28




BIODIVERSITY

2.4- HISTORY OF CLASSIFICATION

The history of the classification sgst ia\ﬁ‘ﬁ%gak anr.'ient times.
e The Greek phil {384 322 @

BC) was f\iﬂ cfassﬁ"ed organisms
into oups i.e., plants and animals.

® The Arab scholar Abu Usman Umer Al-
Jahiz (781-869 AD) described the
characteristics of 350 species of animals. He wrote a lot about the life of
ants.

e The [talian botanist Andrea Caesalpinia(1519-1603 AD) divided plants
into fifteen groups and called them genera.

® The French botanist Tournefort (1656-1708 AD) introduced the taxa of

class and species. ¥ =R\
W@j@g\% created a

ntaxa i.e, kingdom, phylum,

e The Swedish biologist Carl
taxonomic hierarchy of o

It was the earllest clasmﬁcatmn system in whlch all nrgamsms were C|EISSIf1Ed
into two kingdoms i.e, Plantae and Animalia. The organisms that can prepare
their own food (autotrophs) were classified in the kingdom plantae. On the
other hand, the organisms that cannot make their own food (heterotrophs)
were classified in kingdom animalia. According to this system, prokaryotes
(bacteria, archaea) and fungi were members of kingdom plantae.

Taxonomists found this system unworkable because many unicellular

organisms like Euglena have both plant-like (presence of chlorophyll) and

animal-like (heterotrophic mode of nutrition in dark @mof cell wall)
org

characteristics. So, a separate klngd%n m anisms. This

system also did not cle % rokaryotes (bacteria and

archaea) and euka rynte%’\\'\S\E\JLQ
W

(Q!"ﬁ{]?ﬁ J\J i Q
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BIODIVERSITY

(b) Three- Kingdom"'CIH'ss:iﬁtatigﬂLSgsgg JANE S
E ;

s
archaea) in the kingda “In ﬁwis system, fungi were still included in the
kingdumwgﬂ taxonomists disagreed about the position of fungi in
kingdom ae. Fungi resemble plants in many ways but are heterotrophs
which get their food by absorption. They do not have cellulose in their cell walls
but possess chitin.

(6 ird kingdom i.e,
included prokaryotes (bacteria and

In 1866, the German zoologis
Protista for Euglena-likeo '

& TV O TR

() Five-Kingdom "Classl_fiqa_tinn-_Sys_fem- LN SR

o = e

In 1937, French biologist E-Chatton suggested the terms, "Prokaryotic” to

kingdom classification system. This system is based on: =
® The levels of cellular arganization i.e, pro ”h\ 5@5,\@ archaea),
uniceliular eukaryotic (Proti%a] W I eukaryotic (fungi,
plants and animal S %(gjw

® The modes of nity %\L otosynthesis, absorption, and ingestion,

On this basi s were classified into five kingdoms: Monera, Protista,
Fungi, Planth and Animalia. In 1988, American biologists Margulis and
Schwartz modified the five-kingdom classification of Whittaker. They
considered genetics along with cellular organization and mode of nutrition in
classification. They classified the organisms into the same five kingdoms as
Proposed by Whittaker.

(d) Three-Domain Classification Syste S i o
In 1977, American microbiologist Carl Woese (1928-2012) added a taxon Le.,
domain above kingdom. He classified organisms into three domains e,
Archaea, Bacteria, and Eukarya. It was actually a division of th&ﬁj@@ﬂtes in
two domains i.e., Archaea and Bacteria. While all qugfyie}g placed in a

single domain ie, Eukarya. This i!/a ?\%@@;\ on the difforences
between Archaea and B%Ww\j\l 0N

T

—

N \JLN]Q -




(a) 2-Kingdom System

{d) 3-Domain System
Archaea Bacteria Eukarya

FIGURE 2.2: Different Classification Systems

2.5- DOMAINS OF LIVING ORGANISMS Y O
f

P '|I C} 0
The following are the main charﬂz&ﬁ@xﬁm

e domains of organisms.
& .
1- Domain Arch k%% - R
\ o

These are thww;?:itive organisms on Earth. They are prokaryotes but their
cell wall does not contain peptidoglycan but is made of various polypeptides
and proteins. Their rRNA (ribosomal RNA) resembles more to eukaryotes than
to bacteria. Their cell membrane contains unique lipids which enable them to
live in extreme environments e.g., hot springs, salt lakes, and acidic or alkaline
waters. However, they also exist in more common environments like soil and
oceans. Some archaea obtain energy from inorganic compounds such as
sulphur or ammonia. Their other groups perform photosynthesis but do not
produce oxygen.

31
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There is one kingdom in domain Arcl'),a i: mm ctena (ancient
bacteria). Examples of arc aeba i‘j ens (produce methane
as a by-product of thei &1 alophiles (found in extremely salty
Tfound in hot springs), Acidophiles (found in

environments Eél:rr '
extremely vironments).

2- Domain Bacteria

This domain contains bacteria and cyanobacteria. They are also prokaryotes.
The cell wall is made of peptidoglycan. They are found in all environments
including soil, water, air, and in the bodies of organisms. They are unicellular.
Many live solitary although some form chains, clusters, or colonies of cells. Most
are heterotrophic but some have chlorophyll and carry out photosynthesis. This
domain contains kingdom Eubacteria (true bacteria). Some bacteria cause
diseases. Many bacteria are beneficial e.g., decomposer bacteria p!axrmpnrtant

role in nutrient recycling. o '\i"“(/ﬁ (C)m, (\} 5

3. Domain Eukarya ‘(: @ T\

The domain mcluds.-S i{& Ta’r nd multicellular eukaryotes. They have
complex e nucleus and other membrane-bound organelles.
This domai ntalns klngdoms protista, fungi, plantae and animalia.

Bacterial cells are.smaller than .Armaea n::a haw dr ki
Eukarya cells and have no r.harmi

nuecleus, . -. %{9‘
‘ - “ s AR

2.4: Three Domains

iy -ot
gohtain more complex
structures.
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(a) Kingdom Protista % @

...................

Kingdom Protista ryotes | Certain protists are parasitic and cause
which are \Gallly rcolonial or ! diseases. For example, Plasmodium
filame Imple multicellular, Simple | causes malaria and Entamoeba causes

multicellular means that they do not have { @ type of dysentery called amoebic
multicellular sex organs. There are three {‘-dysentery,
pesofprotists,. = @00 W TCOSURSCONCISE

Plant-like protists (called algae) have cell walls made of cellulose. They have
chlorophyll in chloroplasts and are autotrophs. Eugleng and diatoms are
common examples. Animal-like protists (called protozoans) are heterotrophs
and ingest food. Their cells have no cell wall. Amoeba and Paramecium are

FIGURE 2.5: Common protists

(b) Kingdom Fungi

This kingdom consists of fungi. They are oo ... on :
heterntruphir.: Fungi get nutrients in & 5' sg;me-.fung;i are used in the production
unique way. They do not ingest food like . of bread, cheese and beer. An
animals and some protists. They absorb ! antibiotic, called penicillin is derived -
food from decaying matter present in their from the fungus Peniciflium.
surroundings. Fungi are eukaryotic and e | s, = |
have cell wall around their cells. Their cell wall is npacke b@e@ Him (a
Polysaccharide). Most of the fungi are multicel ms
smuts and molds while a few are y icel




Smut fungi on leaf _ Bracket fungi Sweet Tooth unQi

NNAE R

-

- FIGURE 2.6: Common fungi

(c) Kingdom Plantae

It includes plants which are eukaryotic, multicellular organisms with cell walls
made of cellulose. They are autotrophic and prepare food through
photosynthesis. All plants have multicellular sex organs. During sexual
reproduction, they form embryos. Asexual reproduction through vegetative
parts is also common. Examples are mosses, ferns, conifers and flowering
plants.

Moss Fern Conifer Flowering plant

FIGURE 2.7: Common plants

(d) Kingdom Animalia

This kingdom includes animals which are eukaryotic, multicellular and heterotrophic.
They develop from embryos. They ingest food and digest it within their bodies.
Vertebrates and invertebrates are included in kingdom Animalia.

2.7- STATUS OF VIRUS IN CLASSIFICATION
Viruses are ultramicroscopic creatures that are_ @rﬁ@&\% living and

non-living. They are acellular i.egth V?v@'qu cells and do not have
organelles. A virus co tsftiﬁ Li\f iafd’(DNA or RNA) surrounded by a
protein coat. The T\)\dl\ etabolism. For the synthesis of their proteins
and to mcf‘ep&@ %umber viruses become parasites in organisms (plants,

34




animals, and bacteria). Viruses are not included in the classification system
because they lack any of the characteristics of the three domains of life.

FIGURE 2.8: Two common viruses - Left: A bacteriophage (virus which attacks bacteria)
and Right; Influenza virus

J{‘;\.‘F”‘-‘p"‘-"\l""u"‘!"'.l""--'-""I"'"-:“'"""'"-—""'""""'"—"""""""

g; Prions and viroids are also acellular particles
J:r_ and are also not included in classification

%_:-_ system. Prions are composed of protein only m

B i “ﬁii' €0
ALy 2O e particles (‘ =

‘cause uf cancer.

- - o o o — T ST —-.-—__-.'--_—--_”_._u.-,.-..._._.._ e ——— =

ngdom | Archaebacteria Eubacteri: _ _ Plantae  Animalia
GallTrpn F'rc:-karyntlr. Eukaryntlc Eukaryotic  Eukaryotic Eukaryotic

Nuclear  Absent Present Present Present Present
Envelope
Cell Wall  Archaebacteria: polypeptides Presentin  Chitin Cellulose and  Absent
and proteins some, various other
Eubacteria: peptidoglycan types polysaccharides
Mode of  Autotroph or heterotroph Autotroph or Absorptive Autntmph Ingestive
Nutrition hetemtruph heteratm @ "uﬂ\ heterotroph
. : ﬁ b
Multi-  Absentin all O% \ rv) Presentin  Present in all Present in
celiularit % most st I
ularity : \fQN&{M 4 a mo a
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Coronavirus is a virus, identified in late 2019 in Wuhan, China. It caused a pandemic of
respiratory illness, called COVID-19. The virus pnmaniy spreads thro iratory droplets

'when an mfected persun coughs sneezes, talks, o 5pread by touching
: sating| 2 ver nose and mouth can help to

derlying health conditions. Washing hands frequently with soap for at feast -Z_EF
secnnds or use of hand sanitizer with at least 60% alcohol can also prevent the spread of
disease, Vaccination plays a crucial role in protecting from COVID-19. Vaccines help immune
system to recognize and fight the virus, reducing the severity of the disease.

(T = ——=— - —

2.8- BINOMIAL NOMENCLATURE

The great Swedish biologist Carl Linnaeus was the founder of the system of giving
scientific names to organisms. The scientific name of an organism consists of two parts.
The first part is the name of the genus to which the organis gs. The second

part is the name of the species. The syst W organisms is termed
as binomial nomenclature. Q
- Solanum tuberosum

Solanum esculentum
~ Apis cerana
~ Panthera tigris

Significance of Binomial nomenclature

® In binomial nomenclature, two organisms cannot have the same name.
The words of scientific name are taken from Latin Ianguage (spoken by
no country) so that no country is favoured. The 5 @ﬁc name of an
organism is same anywhere_ in t em provides a
standard way of com i he Ianguage of a particular
ish, or English.

biologist i
iologist is Cbﬁgsgﬁl&
o [ Is; :f 36




e —— = = e f = - — - = =, P =
NG T o T g PGS P A
A € ] L *Eali . % - L - 4
N e L :.- =¥ 1k i’ Nl
‘ . Tnle

® Various regions have different names for the same organism e.g, the

common name of onion in Urdu is 'Piyaz’ but in different regions of
Pakistan it is also known as ‘ganda’ or ‘bassal’ or ‘vassal’. In other
countries it has other sets of names. (E’t@ﬁﬁ"‘

o
, = =y
In some cases, several diﬁe@nﬁ?’ﬁﬂ T@qﬂ\éﬁéﬁ lled by the same
common name, e. ‘b_luej;bgqi@ﬁ for dozens of plants with bell
2 ST ),
shaped flowers. Slﬂ%&@@ ird" is used for crow as well as for raven.
N b S : el
Cummwﬁﬁﬁ%%am no scientific basis. For example; a fish is a

vertebrate animal with a backbone, fins and gills. But several common
names of ‘silver fish’, ‘cray fish', ‘jellyfish’, and ‘star fish’ do not fit to the
true definition of fish.

Rules of Binomial nomenclztura

The scientific naming of an organism is done in accordance with some
International rules. Some important rules of binomial nomenclature are:

2.

For scientific naming, words are taken from Latin !an%um

Every scientific name has two pgrtg__:\[\-rgwm' Qa%ways comes first
i ‘ WA
followed by the s;::gwarﬂg&%@

Every scientific n ave to be unique because the same name
cannot d\for’naming two different organisms,

The first part of the name i.e. genus name should begin with a capital
letter. The second part of the name i.e. species name should begin with
small letter.

At the time of printing of a scientific name, it should be typed in ltalics.

When a scientific name would be hand written, two parts of it should be
separately underlined.

T r;?“'-iﬁﬂr:f}a_-
[ ,__’\f%{ () \\ﬁl\_};\- L
ol \rat &\?gu'x;ﬁ
L ﬂ\\\\?LL i
o qkjw| E‘III'--—I"- AL
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® The groups into which organisms are classified are known as ta i
ranks or taxa (singular “taxon”). |

® The highest level of classification is the domain.

® Living organisms are broadly classified into three domains: A
Bacteria, and Eukarya.

The members of kingdom protista are unicellular or simple multlce‘ll | "-=-
organisms and have eukaryotic cells. E

® Fungi are eukaryotic heterotrophic organisms whi -i@'- 1B _
® Plants are eukaryotic mu!tlcglul @@ ve 'n,iult'ii::.i!"llﬂ}ar;-
nrgans ' \

Viruses lack any of the characteristics of the three domains or Sﬂt#i ' ms
of life; therefore, they are not included in the classification syst i

The scientific name of every organism consists of two parts; ﬁrst
of the genus and second is the name of its species, '

. Select the correct answers for the following questions.

l. Which of the following taxonomic ranks represents the broadest rank?

a) Species b) Genus

c) Kingdom d) Domam

2. Which characteristics is unigue to organisms i \n
a) Cell walls made of peptldo@\‘} i ; i
b) Presence of a nucleus
ents

c) Ability to li
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d) Lack of ribosomes

3. Which of thes t
a) Do not havﬁﬁ :
b) W peptidoglycan
€)' MOst'are heterotrophic

d) Have chlorophyll in their chloroplast.
4. Which of these organisms belongs to the domain Eukarya?
a) Escherichia coli b) Yeast
¢) Coronavirus * d) None of these
5. Which of the following is a key characteristic that distinguishes eukaryotic

cells from prokaryotic cells?
a) Lack of a cell wall b) Presence of a nucleus

c) Absence of ribosomes -d) Smaller size
6. Which kingdom includes organisms that are prfm ni‘x\ unicellular,
eukaryotic, and often heterotrophic?

a) Archaea

c) Fungi @ lantae
7. Why are fungl ophic organisms?

a) Have ¢ n

b) A n nents

¢) Reproduce by spores
d) Cannot prepare food
8. Why it is impossible to classify viruses within traditional biological
kingdoms?
a) They lack cellular structure and organelles.
b) They cannot perform photosynthesis.
¢) They are smaller in size than bacteria.
d) They are parasites,

9. Which of the following is the correct way for writing the scientific name of

humans?
a) Homo sapiens @@
¢) Homo Sapiens Ki il%%ﬁ iens
10. Which informatio ynu c -.; he scientific name of an
organ|5m7

Kingdo b) Phylum and genus
G@QMEGES d) Class and species
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Write short answers. @@
What is the term used to describe therarjety ot ir @Qgecnsystems?

al forf and for the planet Earth?
i‘-- RO ranks uséd in the Linnaean system?

Write the tax anks-oflion and corn?

Whawﬁﬂm} differences between archaea and bacteria?

What are the shortcomings of the three-kingdom classification system?
Which kingdom includes organisms that are multicellular and
heterotrophic, and lack cell walls?

Enlist the distinguishing characteristics of fungi.

List the three domains that encompass all living organisms.

. Why cannot we classify viruses in any kingdom?

BIODIVERSITY"

' How does binomial nomenclature facilitate clear communication about

organisms across different languages?

C. Write answers in detall.

Discuss biodiversity and its significance in maintaining the Ith of
ecosystems. @@

Explain the importance of classifigatiphAn\by fiow it helps us
understand the relatignships barwesn(ditferent' orgnisms.

Describe the Linna f-etassification in detail, stating the seven
taxonomic 0y elationships.

Com contrast the domains Archaea and Bacteria, focusing on their

key characteristics.

Describe the diagnostic characteristics of the four kingdoms within the
domain Eukarya.

Discuss the challenges of classifying viruses within the traditional three
domains of life.

Explain the rules and guidelines for suggesting scientific names to
crganisms.

D. Inquisitive questions.

1. How might placing an organism in the incorrect taxonomic group
affect conservation or scientific studies?

2. Imagine you discover a new organism. What st I@@)m to
0 1022

classify and name it according to E @ o
nomenclature? %

mia




THE CELL

After studying this chapter, students will be able to:

Describe cell as the basic unit of |ife.
Compare with diagrams the structure of .
Sketch different sub-cellular organelles a@l ]
Identify different types of cells [m' TR
cell, liver cell) and sketch

R

_ of iabuur and how it applies within cells {across
organelles) -(\N- HCE ﬁular orga

_ nisms (across cells)
Describe cell specialization.
* Define stem cells as unspecialized cells.

e ® 8 o & a0

a

Have you ever wondered which
tiny building blocks make up all
living things? Cells are the ,
microscopic structures that form
the foundation of life. Cells are
the units that carry out all the

Cell is like a City

A cell is like a busy city. For example, in a cell
there are structures that produce energy (like
Power plants of the city), some structures process
and transport materials (like roads and delivery

services), and other structure rem or break

fU!"Ct'D”S Y for life. In wastes {hke waste J“st like
this chapter, we will explore the . .. E}f has a nucleus that

fascinating  world of cells 195 v giving instructions for
uncovering  their f\ﬁ*@
structures and wtal ﬁ# i

living world. (N N
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THE CELL

3-1" CELL
The cell is the basic unit of life. Just as bricl

house, cells are the buildi g hklo
EF B8

animals, and huma
largest whale, is mage

3L E@@mg blocks of

ganisms, including plants
the smallest bacterium to the

Most ' re very small, and cannot be
seen with the naked eye. Despite their size, !

cells are very complex and carry out all {g
essential functions to keep living things alive
and functioning.

3.2- STRUCTURE OF CELL

The basic structure of a cell was discovered by
an English scientist Robert Hooke. In 1665, &

using a simple microscope, Hooke examined a
thin slice of cork and discaveredtin

TGS -.
1 ic cells are simyg

study the details of

However, in the- % -- i
microscayy ved. In 1831, while studying |
plant cells under a microscope, a Scottish W LES

scientist, Robert Brown observed the "nucleus". After that, many organelles

were discovered in coming years. In the following paragraphs we will study
the structures present in cells and their functions.

some protists (algae) have a rigid non-
living wall around cell membrane. It is
called cell wall. It provides shape, strength,

protection and support to the inner liviogr\ |
matter (protoplasm) of th
cell wall is made of trﬁ@ e middle

n

e . Sl —
lamella pW condary wall FIGURE 3.1: Layers of plant cell wall
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Cell wall

Cell membrane

Vacuole e | Chloroplasts

Pore in cell wall
(Plasmodesmata)

Golgi vesicle

Mitochondrion

Ribosomes
Muclear envelope

Golgi apparatus Rough
; endoplasmic
Chromatin reticulum
leolus
Nucleolu Cytoplasm

Smooth
endoplasmic

' i
i FIGUR Mﬂ |0r‘g@})
N NJWO m itnchnndria

Intermediate
filament

Cell membrane

Cytoplasm

Ribosomes Microtubule

Rough
endoplasmic

reticulum Centrosome

Mucelus Microfilament

MNucleolus Lysasome

Chromatin Smooth
endoplasmic
reticulum

Golgi
apparatus @@\3@

of\ e Q&. e
N % .3: Structure of an animal cell

WD
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The primary wall is present just above the cell
membrane. It s mainly composed of cellulos
hemicellulose, and pectin. Cel‘lulos% fory
that crisscross over one anot
primary wall. Middle
primary walls | cells. It contains
magnesium@m m and pectin. Some plant cells FIGURE 3.4: Colluloe ﬁbmsi;l
€.9. xylem cells make secondary wall on the primary wall

Inner side of primary wall. It is mainly made of e A LB .
cellulose, lignin and other chemicals.  Plasmodesmata (singular.

The cell wall of algae is also composed of fplasmodesmaj are the channé!'ss:
cellulose. The cell wall of prokaryotes is made of ;N cell walls that allow the:li
peptidoglycan (a single molecule made of j&ichangeufmofeculesbetwaen;
amino acids and sugars). The cell wall of fungi is ' adjacent cells.

made of chitin, e e - - s esie I NI

Cell Membrane | 2

All cells have a thin and
selectively-permeable. It

blocks many 3&?@}@@?@5

Cell membra‘#@’is Composed of proteins and lipids and small quantities of
carbohydrates. The structure of cell membrane is described as fluid-mosaic

€ around the cytoplasm. It is
ew molecules to pass through it while

protein molecules are submerged. The lipids and proteins can move laterally.
Due to these movements, the pattern or ‘mosaic,” of lipids and proteins




T Glycolipid Glycoprotein  Another lipid, cholesterol, is
of cell Protein | @ attached Winner sides of
OACAVOSOOON00S [ ' r. Cholesterol is
'''''''' e\ absént in the membranes of |
pia | JBNSNHS ® | {imost bacteria
bilaye } T

- 1 - h
Inside Proteins Cholesterol model of cell membrane

of cell

Cytoplasm

It is the jelly-like substance that fills the inside of /0 i e
a cell. It is a complex mixture of water, proteins,  cYtosel is a liquid Par AL
enzymes, salts, and other substances. Cytoplasm | @toPlasm  that includes
provides a medium for organelles to move and | ml::l.ecules 1and small particles, .

such as ribosomes, but not

function. Iso helps in th sport of!
s e P e AP o membrane-bound organelles.

materials throughout the cell. It acts as the site @
: .0

for various metabolic reactions e.g, Glycolysis e
(breakdown of glucose). It alses E’n\

i

D% .

-

s of the cell.
Nucleus

All euka s have a prominent nucleus. In ' Th e
? 3R : e nucleus serves as the cell's
animal cells.* |t.|5 present in th.e center. In mature , . o It Overots
plant cells, it is pushed to 5|d'e due to a large ' yiar activities by directing
central vacuole. The nucleus is bounded by a e production of proteing:
double membrane known as nuclear envelope. | _
It is semi-permeable and has many small pores called nuclear pores. The
inner jelly-like material of nucleus is called nucleoplasm. In nucleoplasm,
there are one or more small bodies called nucleoli (singular; nucleolus). Here,
ribosomes are assembled. Nucleoplasm contains fine thread-like material
known as chromatin. It is composed of deoxyribonucleic acid (DNA) and
proteins. When a cell starts dividing, its chromatin Cﬂn,\%@ﬁﬁnd takes the
shape of thick chromosomes. DNA contai 35\ whieh " control all the
activities of the cell. DNA i qsb ible for the transmission of

characteristics to th%m% eration-"That is why it is called the hereditary
\

material.

NN
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W

Nuclear,
envelope

Chromatin
condenses

Chromosome

Nucleolus

Chromatin Nucleoplasm

FIGURE 3.6: Structure of Nucleus and chromosome
VO

The prokaryotic cells do not conta @?‘j’ ciells. Their chromosome

Is made of DNA only and ;

g = % . A — 0 %
Qt* ._—_ suth 7= i 0 L&u':_;‘gﬁ;rl ' Sy _;
El s ST g e A et = ORI S e e T ol Sy =X,
It is a netwk thin tubes and filaments present throughout the cytoplasm.

It consists of three parts ie, microtubules, microfilaments, and intermediate
filaments,

Microtubules are hollow tubes made up tubulin protein. This part holds
organelles in place, maintains a cell's shape, and act as tracks for organelles.
Microtubules also make mitotic spindle, cilia and flagella.

Microfilaments are finer than microtubules. These are made up of contractile
- Proteins mainly actin. They help in cell movement e.g., the crawling of white
blood cells and the contraction of muscle cells. m

f var S, mainly keratin
er organelles in the cell.

They also make cell-to

o
AN
_ 46

Intermediate filaments are rods mad
and vimentin. They anchor the




Endoplasmic
reticulum

Microfilaments ——

Intermediate Mitochondrion

filaments Microtubule

FIGURE 3.7: Cytoskeleton

Ribosome - Lol A
Ribosomes are tiny granular str

the sites of protein sy g{@ Gat
freely in the cytopla SO attac:heci on | &
the surface ofi@{)mgouplasmtc reticulum. They | &
are composed of almost equal amounts of || &
proteins and ribosomal RNA (rRNA). Ribosomes
are not bounded by membranes and so are also
found in prokaryotes. Eukaryotic ribosomes are
slightly larger than prokaryotic ones. Each !
ribosome consists of two subunits. The two  FIGURE 3.8: Ribosome
subunits of a ribosome unite during the process of

protein synthesis. When a ribosome has finished its work, its subunits get
separated again.

...._.-_IE___‘_

Endoplasmic Reticulum

It is a network of mer %(;S\ '
cytoplasm of euk ere are two types of endoplasmic reticulum.

\J‘u N
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Rough Endoplasmic Reticulum Rough endoplasmic reticutam (RER)

(RER): Numerous ribosomes are
attached on its surface. RER
serves the functinrb' rotai
synthesis.

Smooth \i\;‘
(SER): It Yacks ribosomes. It is
involved in lipid metabolism
and in the transport of
materials from one part of the _l
cell to the other. It also FIGURE 3.9: Smooth and Rough Endoplasmic
detoxifies the harmful Reticulum

chemicals that have entered the

cell. In muscle cells, the SER is also involved in contraction process.

Golgi Apparatus a @@m

o
In 1898, an Italian physician CamilloGe ]uﬁ"‘ of flattened sacs in
the cytoplasm. Thesecf tt i\ o Cisternae are stacked over each
other and make a st Wn as Golgi apparatus. It is found in both

plant and WQ ftmodifies proteins coming from rough ER and packs
them into'$ia membrane-bound sacs called Golgi vesicles.These sacs are

kept in cell or are transported to exterior in the form of secretions.

Vesicle from RER

In 1906, Golgi was
awarded Nobel Prize for
physiology and medicine.




L L TR & [
y m RS s ) et el I
""-;ﬁ?.-_f.—lf. Vol e N

:‘EEP ; 2 3 = el =7 L= L - /
Lysosomes were discovered Beftian \s an Rene de Duve.
These are small m

Lysosomes are pr, on{men
Lysnsnn@m from
Golgi apparatus. Cell D ORRTIEAE
engulfs  the food /
material in the form of s e

food vacuole. Lysosome
fuses with food vacuole
and its digestive
enzymes . break down |particle
the food present in | \.
vacuole. Lysosomes also
have  enzymes for
breaking cellular wastes. FIGURE

They also engulf the \“

T
L=

. - .
-
! | L

q.ialr:-._' e, = e - &
3 E! @ on of Lysosome

damaged organelles - Lysosomes can store certain molecules

Mitochondria (singular: mitochondrion) are the "powerhouse” of the cell
because they produce energy. They perform the reactions of aercbic
respiration in which oxygen is used to break food (glucose) to release energy
in the form of ATP, '

Ribosome

Mitochondria are  double
membrane-bounded organelles
present only in eukaryotes. The
outer membrane of
mitochondria is smooth but the
~inner membrane forms many
folds. These folds are callec
cristae (singular cr
increase the surface

Inner
membrane

Quter
membrane

"
it .
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their own DNA and ribosomes. The ribosomes ofr {\are more
similar to prokaryotic ribosomes than W :

Plastids \ % NSa iR

Plastids are % Sdrded organelles present in the cells of plants and

photosy prmlsts (algae). There are three main types of plastids:
chloroplasts, chromoplasts, and leucoplasts.

Chioroplasts are green Outer - r
plastids. They are present in the membrane membrane

cells of green parts of plants
and in algae. They contain
photosynthetic pigments e.g,
the green chlorophyll. They
carry out photosynthesis. With
the help of their pigments, they
capture light energy and
convert it into chemical energy.
They use this energy g.} repar

glucose
% FIGURE 3.13: A Chioroplast
Like mitWh oplasts
are enclo y double membrane. On the internal side of inner membrane,

there are many sets of stacked membranes. These stacks are called grana
(singular, granum). The sac-like structures which make a granum are called
thylakoids. Photosynthetic pigments are present on the surface of thylakoids.
A fluid called stroma surrounds the thylakoids. Like mitochondria,
chloroplasts also contain DNA and ribosomes.

Chromoplasts are the plastids that contain pigments such as carotenoids.
These pigments are of bright colours. Chromoplasts are present in the cells of
flower petals and fruits. Chromoplasts give colours to these parts, thus help in
pollination and dispersal of fruit and seeds.

Leucoplasts are plastids that have o plgments y‘@@d in the
storage of starches, lipids, and rcn e cells of those
parts of plants wheref dis 15 stems, seeds, roots etc.

JQ\\E\S\




Vacuoles A 2 S
These are single membrane-bound sacs filled v{g
ces.

fluid. Animal cell may have many small g @

vacuoles. They contain Wﬂl n Why are the vacuales
Some freshwater org. 7 'E’n::;oeba and called the wastebins of!
sponges have g He' vacuoles which collect and ﬂwceﬁils? 1
pump out e¥tra water and other wastes. Some cells “ooooo . :

ingest food by forming food vacuoles. Food vacuoles also store food.

ater

Most mature plant cells have a
single, large, central vacuole. It is
formed by the fusion of many
small vacuoles. The membrane of
plant vacuole is called tonoplast
and the sap inside plant vacuole is
called cell sap. It is a watery |
solution of salts. Due to this large
central vacuole, the nucleus is x. I

le in plant and animal cell

pushed to a side. Thfg outwa 2k
pressure of the vacuol %ﬁ@ toplasm and cell wall makes plant cells
turgid. This s\ediled turgo

r OF pressure and the process is called
turgor. The rpressure felps in maintaining the shape of calls.

Centrioles.

Vacuole

Centrioles are bairel-shaped organelles found in the cells of animals and most
orotists. They are absent in prokaryotes, higher plants and fungi. There is a
pair of cenirioles in which both centricles are at right angles to each other. In
animal cells, the pair is called a centrosome and it is located near the nuclear
envelope. Each centriole is formed of 9 triplets of microtubule (made up of
tubulin protein). At the start of cell division, the pair of centrioles duplicates.

The new pairs: move to the opposite pole of the cell. There, the 5§ spindle
fibres, which are responsible for the separation ‘oMo curing cell

division. The cells which have
membranes. These centri

responsible for the fo]:wz%
NN

7 H\lﬂkp centricle near cell

sal bodies. Basal bodies are
and flagella.

51




T R T e sy S Sy . -

Cilia and Flagella
Some cells have thin, tail
flagelium). Cilia are short
longer but less in numbe
which surround a single

Microtubules

FIGURE 3.15: Structure of Centricle

basal body. Prokaryotic cells also have flagella but thei r

movement.

£

I

il

ok

Prokaryotic flagella are made of a protejn, mﬁt@f@
D

L
X

\ =

i

Euglena

Flagellum

-like projections called cilia (singular cilium) and flagella (singular
in length and are usually numerous in number; while flagella are
r. Eukaryotic cilia and flagella consist of nine pairs of microtubules
central pair of microtubules. Cilia and flagella ar

nected to the
etely different.

ion of cilia and flagella is

Table : Brief Comp

arison between Plant and Animal Celis

Animal and Plant Cells

a boundary ﬁgﬂrﬁ |
o

;Bg;\}:g&@\] (el

Jelly-like, with Between plasma Provides the site to
| organelles in it membrane and cell organelles, site of
nuclear envelope metabolic reactions
Cell A partially permeable | Around cytop St (E{"@@W cell contents;
membrane membrane that fo ~tontrols what

substances enter and
leave the cell

Nucleus Eh_é‘n’lhﬁ"a# oval
Maneﬂe containing

In the centre in
animal cells, on a

DNA

side in plant cells

Controls cell division;
controls cell activities
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Cell wall A tough, non-living Around the outside | Prevents mechanical
> outer layer made of of plant cells support; allows water
= cellulose ol ﬁ{;\ﬁ o pass
% Large A fluid-filled space \ %@X“‘ngHﬁ Contains salts and
O | Vacuole surroun —ak\)@;) : cells water; helps to keep
E meTRrﬁ%KYﬁ W plant cells turgid
- Chloropfasgﬁﬁw&g‘yﬁ e Inside the cytoplasm | Traps light energy for

" | containing chiorophyll | of some plant cells | photosynthesis

3.3- STRUCTURAL ADVANTAGES OF PLANT AND ANIMAL CELLS

We have studied plant and animal cells. They have distinct structural
differences that reflect their specialized functions and adaptations. Here are
some structural advantages of both plant and animal cells.

Advantages of Plant Celi Structures

@ Plant cells have a rigid cell wall made of ce 3 t@g@: structural
- < \o
support and protection. O (JOX@ d )
® They contain chlo % -are responsible for photosynthesis.
imkﬁi_

Chloroplasts energy into chemical energy, allowing plants
to prod

@ The large central vacuole stores water, nutrients, and waste products. It
provides turgor pressure that maintains cell shape.

® Plant cells are interconnected by plasmodesmata, channels that allow
direct communication and transport of substances between cells.

Advantages of Animal Cell Structures

® Animal cells have centrioles which make spindle fibres. This ensures the
accurate distribution of chromosomes during cell division.

® They contain lysosomes, filled wit};L en ﬁé@g’@mn waste
materials. Lysosomes cuntrilm!;r, : j@ﬁ up and recycling.
® Some animal cells Lf s called flagella and cilia, which are

' 3 [ | *
involved in - For example, sperm cells have a flagellum that
propels

r\ﬁ:n.\:warvzrl the egg for fertilization.
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® They lack 2 rigid cell wall, allowing them to change shape easily. This
flexibility is crucial for cell movements, mcl@@mte blood cells

moving to sites of infectiog o) fm N (@:‘,-30
3.4~ CELL SPECIALIZ %@

In multicellular or aj
special st
divisicon, are all similar. After their formation, cells undergo the process of
specialization or differentiation. During this process, they get special sizes,
structures, and metabolic features. As a result they become specialized. Here
we will discuss some specialized cells
of plants and animals,

Upper
Mesophyll Cells: These are green epidermis
cells present in leaves. They are
specialized for photosynthesis, They

contain large number of chloroplasts,

which contain the green pigment

chlorophyil necessary for ca @A\&‘

gy W o '~ Quard
i I'ne }

Mesophyil
cells

Lower
epidermis

light energy. Th m&m s |
arrangement in L:;;’ able for  FIGURE 3.16: Internal structure of leaf
maximum tion of light. showing mesophyli cells

Epidermal Cells: They are flat and tightly packed cells that make the outer
layer (epidermis) of plant organs. Epidermis protects the internal tissues.
Modified cells of epidermis also perform other functions. For example, the
epidermis of root contains root hair cells. These cells make extensions called

— FIGURE 3.17: Epidermis of leaf and root
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Muscle Cells: Muscle cells are specialized animal cells that can contract. They
are elongated cells filled with actin and other con @@Hs Skeletal
: pres. They are voluntary

muscle cells are long, striated. They are {K@
in action and their contr '% e on for body movements and
locomotion. Cardiac mu %}ﬁ@@ ranched and striated. They are found in
the heart wall Theyare oluntary in action and their contractions result in
the pumping action of heart. Smooth muscle cells are spindle shaped and
non-striated. They are ‘involuntary in action and present in the walls of many

internal organs. For example, smooth muscles in the alimentary canal contract
to move food forward, while those in blood vessels reguiate blood flow.

TP ARt et Ay 4t B

-.MIM;M; J
o Wi A Ly §i s

Skeletal muscle cells Cardiac muscle cells Smooth muscle cells

FIGURE 2.18: Muscle cells

Neurons: These are the specialized cells of the
nervous system. They are responsible for transmitting
messages (nerve impulses) throughout the body. To
perform this function, they have a unique structure. A
neuron consists of a cell body and two types of
Cytoplasmic extensions. Dendrites, the shorter

extensions, receive nerve impulses and tranismrt them e @@mhm
to the cell body. Axons, the longer extensions ﬁﬁpﬁv (E‘;Bcg
nerve impulses away from the cell %@ﬁ@\l * '_

-
Red Blood Celi [Erythrnci\ g ood cells are ﬂ*
specialized to ca “from the lungs to the

body's tissues. They are biconcave disk-shaped cells.
This shape provides more surface area to absorb and release oxygen. They are

55

Cell body

FIGURE 3.19: Neureon




filled with haemoglobin that actually carries oxygen, In mammals, the mature

red blood cells do not contain nucleys, mitochondria, and endoplasmic

reticulum etc. |t helps to accommodate more ha%n@b@@ﬁﬁ
)
ith h

®® asm filled
0

aemoglobin

FIGURE 3.20: Red blood cells

ki

specialized for a lot of important functions like {5
storage of glycogen, iron and some . vitamins; { g,
detoxification of toxic substances; production of £ for
clotting proteins of blood, recycling of old red blood | assis
cells etc. They have prominent nuclei for S\ |
activities required for making en
mitochondria provide the me
Expansive network of
synthesis. There are

Liver Cell: They are also called hepatocytes, They are ;“i‘:‘ﬂ%‘#“*aﬁﬂ;ﬁ;

fenergy-intensive processes.
for extensive detoxification and lipid
¥NRYENUmber of peroxisomes which contain enzymes to

sUdstances. Small ducts are Present between liver cells which
collect and transport their secretion (bile) to the bile ducts.

Liver Section of lobule

FIGURE 3.21: Liver cells Liver cells

-

é@w &

Division of 'Labuﬁ-rfﬁri!‘hin__anq.acrass 'C&I'I's'"-__ e

Division of laboyr refers to ‘tﬁé specializatidnm - t'parts of a system to
perform specific tasks more effici X s undamental principle that
enhances efficiency and f % aNtyIn biological systems (both within and
across cells). 9

@‘HNM
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2 @@m the various

Within Cells: Within a cell, this concept is
organelles that each carry out Aistin A fion:
survival. For instance, mitoch B : :

synthesizes proteins sosomes break down waste materials. In

this way, the ' each organelle contributes to the cell's overall
survival, g . and functioning.

Across Cells: In multicellular organisms, the division of labour extends across
cells. Each type of cell performs a specific role and contributes to the overall
functions of the organism. For example, muscle cells are specialized for
contraction and movement, nerve cells for transmitting messages, and red
blood cells for carrying oxygen. This intercellular specialization allows
complex organisms to perform a wide range of functions.

3.5- STEM CELLS

In sexually reproducing organisms, all different c@@lﬁf‘}rise from a
single cell (zygote). The zZygote is an unspe | atit has the ability to

make new cells which car\ g ‘ : s specialized cells. Such
unspecialized cell th o)

types is called e
During dewm when the earliest stem cell (zygote) divides, it makes

different cell lines. The cells of each line differentiate into specific type like
skin cells, muscle cells, nerve cells, blood cells etc,

ssary for the cell's

Stem cells

7435}5

FIGURE 3.22: Differentiation of stem cell into specialized cells
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Stem cells also remain in different parts of the body throughout life. These
stem cells can divide and differentiate into specific cells as the body needs
them. They can also regenerate damaged tissue under the right conditions.
For example, stem cells present in skin help in wound healing. Stem cells

present in liver also help it to repair after dama @ﬁ@s present in the
bone marrow differentiate to make-di \"@@3 s of blood cells and immune

i 2

A 2=

White ~In some parts of the body, such
" blood cells | as the gut and bone marrow,

: adult stem cells regularly divide
to produce new tissues for

cells.

Red bone KN (AT ﬂm - maintenance and repair.
marrow f g 2 B o T 4T
ik
Platelets

EF:ud ells 1 Df©m
. %,é @g’qﬁ‘y@ £

£ 2
o) U\
FIGURE 3.23: Stem cell | |
]
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The cell is the fundamental building block of life. R
The primary wall of the cell wall is ma N (@Wk@g@kﬁﬂemicellulose.

The secondary cell wall is. made
The cell membrane is -ﬁi@j\é bilayer with embedded proteins.

Cytoskeleto , ork of microfilaments, microtubules and
intermediate filaments.

Ribosomes are made of ribosomal RNA (rRNA) and proteins.

The Golgi apparatus is a set of many flattened sacs (cisternae) stacked
over each other.

Lysosomes have strong digestive enzymes which are responsible for
breaking down various biomolecules into simpler compounds that can be
used by the cell.

Mitochondria are the "powerhouses” of the cell because they produce

energy by cellular respiration. aal
; ‘-P i @Om

Chloroplasts are responmble fur ph togyn kl
Centriole is formed of 9 T (n\tﬁp lets (made up of tubulin
j\8

protein). E\LL\

Nucleus is M\]:'o;“{:ﬂq.ral in shape and is surrounded by a double
membrane cafil\ed the nuclear envelope.

Chromosomes are composed of Deoxyribonucleic acid (DNA) and
proteins.

Mesophyll cells are found in the leaves of plants and are responsible for
photosynthesis.

Epidermal cells make up the outermost layer of plant tissues, forming a
protective barrier against the environment.

Neurons are specialized cells of the nervous system that transmit nerve

impulses throughout the body.

Muscle cells are responsible for movement. (é @um

Red blood cells are a type of bl Ny@ xygen from the lungs
to the body's tissues @g@f on dioxide back to the lungs for
exhalation.

Stem cells ar‘&‘}ﬂm\mntmt&d or unspecialized cells that can differentiate
into specific cells.
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A. Select the correct answers for the following questions.

1.

The process of cellular respiration occurs in: \J-?-;;‘;“\ @@@N

a) Nucleus Y A \\Ej‘j ))Mitochondria

c) Ribosomes N M d) Golgi apparatus

The srncroth &\ﬁqretlculum (SER) is primarily involved in the
synthesis c}%

a) Proteins b) Lipids

¢) Carbohydrates d) Nucleic acids

Ribosomes are composed of:

a) RNA and protein b) DNA and protein

¢) Carbohydrates and lipids d) RNA and carbohydrates

What is the primary function of ribosomes?

a).Energy production b) Protein s}c({ﬂ;fgsrs

c) Lipid synthesis @5&1 esis

Which cell organelle i I {Rvo W%ﬁld modifying proteins?

a) Nucleus ;\erﬂ b) Mitochondria

c) Golgi apw 0 d) Endoplasmic reticulum

Which cell organelle is responsible for breaking down waste materials?
a) Gulgl apparatus b) Nucleus

¢) Mitochondria d) Lysosome

Which of the following cell structures is involved in maintaining cell
shape?

a) Cytoskeleton b) Centrioles

c) Nucleus d) Lysosome

Which specialized region of the nucleus is respon;@{g\gﬁur ribosome

assembly? A @

a) Nucleoplasm ML Q Q‘\ %‘)Bwa‘ucleolus

€) Chromatin ol U\\m ?\" d) Chromatin

What is the ﬂ@&’mcnon of the nuclear pores?

a) Regulation of cell division c) Protein synthesis

b) Control of pH of the cell d) Control of transport of molecules
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10.Which of the following cellular structures is found in a%al cells and helps
in cell division?

a) Cell membrane % V\@E\}S]@g%:ule

c) Plasmudesmﬂ\am d) Vacuole
11.Whlch j ganelle plays a crucial role in energy production

ell?
a) Endnplasmlc reticulum b) Golgi apparatus
¢) Mitochondria d) Lysosomes
12.1n a multicellular plant, which cell type is responsible for the production of
glucose?
a) Xylem b) Phloem
c) Epidermal d) Mesophyll
13.Which organelle can double its number by itself?
a) Ribosomes b) Lysoso
¢) Mitochondria Q{ ng ratus
14. Which of !heae are %@&X@ ace of rough endoplasmic
reticulum? i&i
a) Ri b) Lysosomes
) ndna d) Vacuoles

B. Write short answers.

What are the main functions of cell membrane?

What key role does the Golgi apparatus play in eukaryotic cells?

How do lysosomes contribute to the cell's functioning?

Which organelle detoxifies harmful substances and breaks down lipids?
What is the smooth endoplasmic reticulum responsible for?

How do the vacuoles in plant cells differ from vacuoles in animal cells?

What could happen if lysosomal enzymes stnpwo gﬁmperly?

o N ;AW =

Why are the cristae important @g{‘
How are chro reia{”ed?
10. Wh[ch typ m onsible for sending nerve signals?

r]\j\
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1. What do mesophyll cells do in plant leaves? ﬂ\m
(@)
' How would you define a stem cell? (ﬁ]‘@}d
*. Name the chemical compou @
a. Cell membrane *\R\ ngal cell wall
c. Plant cell.y \J d. Bactertal cell wall
e. Ribosones f. Chromosomes

4. Label the parts of these cell diagrams?

C WI‘]{E ?Pl“Wt:" < 2 y

' Explain the fluid mo L e cell membrane.
. Describe tw nd func*:mns of the cell wall.
Discuss the'c6mponents of the nucleus,

Describe the structure and function of lysosome and endoplasmic
reticulum.
Describe the formation and function of the Golgi complex.
Describe the structure and functions of the chloroplast.
How does turgor pressure develop in a plant cell?
. Write any four differences betwaen a plant cell and an animal cell.
9. Describe the concept of division of labour and how it applies in
multicellular organisms. Give at leact three examples.
10. Write a note on cell specialization.

C: \ok*?@m
D: Inquisitive qquestions. \\_@
. What impact might mrt t*‘ ction or absence have on other

organelles' abih m a ceii?
<. What may hehrarbnn if the coordination between the ribosomes and the
nucleus were to fail, and why is it so important?
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Chaptér 4

CELL CYCLE

After studying this chapter, students will be able to:

® Describe cell q'cle.
3 Expla;n mitosis and stages of m:s (by use of Sk-ﬂ‘tl?h and diagrams):
# Explain meiosis and stages of meiosis (by use of sketch and diagrams).

& Compare the processes of mitosis and meiosis. P m

@ Qutline the sgmﬁcanaeofrnrbnmsandmewﬁ ; _-__ ~\[12) @

The cell follows a regulaﬁ %&m thﬂ “cell cycie during its life.
This series mciudes wth preparation, and cell division. The
process of may happen In two way ie, mitosis (cells make

identical copies of themselves) or meiosis (cells produce special cells with half
the genetic material, needed for reproduction). Mitosis is essential for growth
and repair in the body, while meiosis is vital for creating reproductive cells like
eggs and sperm. Together, these processes keep living organisms growing,
healing, and passing on traits to the next generation. In this chapter, we will
explore the events of the cell cycle and cell divisions i.e., mitosis and meiosis.

4.1- CELL CYCLE

It is the series of events that take place in a eukaryotic cell fl: Tits formation
to its division into two daughter cel‘ls ﬁf}e gi\ "éc*a-lfi divided in two
main phases i.e. interphase and tﬁ\e}, 1\9

Interphase \

This phase @gisﬁ'grabnut 90% of the total time of cell cycle. During
interphase, the cell performs the life functions according to its specialty and
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prepares itself for next division. Interphase consists of tf@mwing three
phases:

VO |

G1 Phase (First Gap Phase): of the Mitosis phase. It is |

also called the grﬂm@ this phase cell makes proteins and
ra

organelles and re e. Cell also makes enzymes that are required in
S phase ication of DNA.

S Phase (Synthesis Phase): During this phase, the DNA of each chromosome
is replicated (copied). It results in the duplication of chromosomes (each
chromosome consists of two sister chromatids). The total number of
chromosomes in cell remains the same.

G2 Phase (Second Gap Phase): In this phase, the cell continues to grow and
produces proteins necessary for cell division. The cell checks for any DNA
damage that may have occurred during replication and makes necessary
repairs. It also begins to reorganize its contents in preparation for mitosis.

Centromere
1 Chromatid

2 Chromatids




After interphase, the cell |
enters the division phase “
and divides into the Mct '_ 1

daughter  cells. e\ !
events of CE[B)?Wﬁ\JJam
controlled \/fby" "~ special |

genes. All phases occur
in a sequence.,

Table: Main Pham in Eul:aryoti: Cell Cyle

Phase Description |
| The cell prepares for division and goes through growth in size and

Interphase DNA replication.

urons) remain in GO for indefinite perlods Some cell [eg ]

cells of liver and kidney) remain in GO phase temporarily. .

Other cells (e.g. epithelial cells) do not enter GO and
- continue to divide throughout life.

Gap 1 (G1) The cell grows in size and carries out normal functions. It prepares for
Phase DNA replication.

Synthesis (S) | The cell replicates its DNA, making an exact copy of its genetic

Phase material, T My ﬂfﬁﬁm

Gap 2 (G2) The cell grows further. Cell ures jb e cumptete
Phase for division. ;-‘ O ﬂ t\ 3 :

Gap 0 (GD) The u::n:#4 @&Bﬁv} ing, often to carry out
Phase specna i& all cells enter this phase).

S Phiase divides ns genetic material equally into two new, tdenticaf

4.2- MiToSIS

Mitosis is the type of cell division in which a cell divides into two daughter
cells, each with the same number of chromosomes as were present in the
parent cell. Mitosis occurs in the somatic cells of eukaryotes. Prokaryotes also
divide to make identical cells. But the events of their division are different
from mitosis. That is why we call it binary fission.

[Iocells.

Phases of Mitosis
The German biologist, Walther Flemming discovered the events@?f«m{goms in
1880s. There are two major phases c}f m&tnsus P8 kg%rlpés
cytokinesis. ﬂ\-\m* 0 \\ u\ 1)
A. Karyokinesis: Karyok{ﬂés{i "d" ivision of the nucleus. it is further
divided into ft:uur phhaﬁ UL

WN
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i. Prophase J o K’"‘i{\:\lz\@. =

During prophase, the threa Rw&m ix\'(étfeil'iai condenses and makes
thick visible chro - “chromosome consists of two sister
chromatids att ﬁ:, ith' 5 single centromere. The nuclear envelope and

‘ll -
nucleolus\break-down during prophase.

The centrosome of cell duplicates into two. The two centrosomes migrate to
opposite side of the nucleus, When they are migrating, they make a network
of microtubules called spindle fibres (complete set is called mitotic spindle).
In plant cells, there is no centrosome. Their mitotic spindle is formed by the
aggregation of spindle fibres present in cytoplasm.

ii. Metaphase

During this phase, some spindle fibres bind with chromosomes. They attach at
the point of centromere where special kinetochore proteins are ent.

P
Two spindle fibres from both sides_ bind_with| @G@%mosome. The
chromosomes attached with spin themselves along the

equator of the cell, In @WKW H‘ﬂ}d called metaphase plate.
o

RN
Q\J}MU\J Nucleolus

Chromatin

Centrosome
\ Spindle

Kinetachore

Daughter celis

Chromosame
{2 chromatids)

NI FIGURE 4.2: Phases of mitosis
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ili. Anaphase

The spindle fibres attached with chrnmnsomes pull toward th s. Due to
this pulling, the chromosome's 515ter chro ay, there
are two similar sets of chromahds, (él e poles of the cell.
iv. Telophase ﬁ "‘J
In this phase, ne J pe forms around each set of separated

chromosomes c eulus refunﬂs Both sets of chromosomes unfold back
into chromatin.

B. Cytokinesis: It is the division of cytoplasm. In animal cells, a furruw
develops in the cell membrane at the equator. At this furrow, the cytoplasm
has a ring of microfilaments. The ring contracts and the furrow moves
inward. In this way parent cell is pinched into two.

In plant cells, Golgi apparatus makes vesicles. These vesicles move to the
middle and fuse to form a plate called phragmoplast. The plate grows
outward and its membranes fuse with the cell membrane. The result is two

daughter cells. ST
- 12\ COW
Cl f @B\B HU
eavage furrc Jgib
A

Ring of Daughter cells

microfilaments
(a)

Cell wall Cell plate

..

N\t
Vesicles i \ 6\‘\
e\ P \ :L\—'“ o
PRI
okine nimal cell, (b) in plant cell
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Significance of Mitosis
Growth: Growth in organisms means an | | ,
: 5ts of about 200 trillion .

increase in size. It occurs due to i@;r@ﬁﬂg | _ .
: T, R i Gells-All'these cells were formed from a |
in the numb f  Mitosis'/ . :

= Hpusrhe C?J‘I"s Eﬂ'\gﬁﬁﬁa  single cell (zygote) at the start of your |

crucial role in grovqﬁflﬁ ‘{ﬁ:}uﬁkﬁ&e:\r‘rf@j new |

ee ol LANRUEAS O  life. Millions of cell divisions occurred !
cells that a{ﬁ&ﬁ%@&l%t eqnglnal cells. \while your body was reaching. its |

Cell Replacement: Many cells are | present form. In each of these divisions |
constantly dying in our bodies. For {the genetic material was equ_aﬂ_yj'

example, the red blood cells and the cells | distributed between the daughter cells. |
of the walls of intestine and skin etc. | It happened through mitosis.
These are replaced by new ones which

are exact copies of the older cells. The new cells are formed by mitosis.

O

Regeneration: Some animals can
regenerate parts of the body. For this
purpose, they form new cells by

carryiﬁng out mitosis in the C?IISGD;X“‘V i <
remaining parts. - ,-Jj“ﬁ': xuf?ﬁ\ ol \?E:"ii;;
Asexual repmductiq;i)ﬁn\ﬁ@k@ﬁrsﬂﬁa arm regenerated
uction. For FIGURE 4.4: Regeneration in sea star

means for N}i}%
example, a reproduces asexually

by budding. During this process
mitosis forms a mass of cells called
bud on the surface of Hydra. Mitosis
continues in the cells of the bud and it
grows into a new individual. B: S

Errors in Mitosis

Sometimes the process of mitosis i
goes wrong. For example, during the anaphas @R ﬂ@@&\ the sister
chromatids of a chromosome may fail to\ Wﬁﬁt‘g\ §a result, one daughter
cell receives both sistgq_ﬂchygnjﬁﬁq“gﬁil nd)\tHe Lother will receive none.
Chromosomes may alsoh P(Rymég during mitosis.

If the genes\t_lj;qtgjeﬁmgt% mitosis are mutated (changed), the cells continue to
divide. Due 19 this uncontrolled division, masses of cells are formed. These

68

o

New
Hydra

FIGURE 4.5: Budding in Hydra




m

masses are called tumors. If the tumors rernam a ﬂd&tmn they
are called benign. If they mi rate) ﬁﬁsﬁzes they are called
s

malignant tumors (@%c Jl,:%t s“uE preadlng of disease).
4.3- MEe '\]’AW ﬁ \E\S

It is the type of cell division in which each daughter cell receives half the
number of chromosomes as compared to the parent cell. In meiosis, a diploid
parent cell divides to produce four haploid daughter cells. Diploid means the
cells in which chromosomes are in pairs (homologous pairs) while haploid
means the cells with half number of chromosomes i.e., cells with no pairs of
chromosomes.

Phases of Meiosis

Meiosis was discovered in 1876 by a German biologist Oscar Hertwig. Meiosis
consists of two divisions i.e., Meiosis-l1 and Meiosis-Il.

Meiosis-| J C @

cj )
In meiosis-l, the hnmologoua‘“ EE\; diploid cell separate and so
two haploid daug ed It is subdivided into prophase-|,

metaphase-| m@ einphase l.
Pruphgﬁll )i
During this stage, chromatin condenses and takes the shape of chromosomes.

Each chromosome consists of two sister chromatids, because the DNA has
already replicated before meiosis.

Homologous chromosomes move close together. They pair up in a process
called synapsis. Each pair of homologous chromosomes is called tetrad.
Non-sister chromatids of homologous chromosomes become “zipped"
together, forming X-shaped structures called chiasmata. Each chiasma is the
site for crossing over i.e, exchange of portions of chromosomes between
non-sister chromatids. Crossing over leads to recombination of genetic

material. & ﬂﬁ_ \ F {U iﬁu\i
CAL
2 (?,I') ! \ﬁﬁ\ Hl,.'ll

I H\ ‘“\\Q




Non-sister
chromatids

Sister
chromatids

FIGURE 4.6: Crossing over

Other events of prophase-l are similar to prophase of mitosis. The nucleoli
disappear and nuclear envelope breaks. Centrioles migrate to opposite poles
and make spindle fibres to which chromosomes attach.

Metaphase-| @m

The tetrads attached with spindled‘ib g ﬁ(%ﬁﬁatur. In this way,
they form metaphase plate. | late of meiosis-I, two spindle
fibres from both pul% pair of homologous chromosomes.
Anaphase-1.. W\ o

Each spindle fibre attached with a single chromosome pulls towards the pole.
In this way, the paired chromosomes are separated. One chromosome of each
pair is pulled toward one pole and the other towards opposite pole. So, two
haploid sets of chromosomes are formed. Each chromosome still contains two
sister chromatids.

Telophase-|

Spindles disappear and a new nuclear envelope is made around each haploid
set.Nucleolus also reforms during Telophase-I. The chromosomes uncoil into
chromatin. Cytokinesis occurs and two daughter cells are @m

~ ) €
~ A @“U @



Spindle
Centrosome

Ol

MEiMW , .
Meiosis-H closely resembles mitosis and consists of four phases: prophase-ll,

metaphase-Il, anaphase-Il, and telophase-l|.

In prophase-ll, the nucleoli and nuclear envelope disappear, and the
chromatin condenses. Centrioles move to the poles, forming spindle fibres.
During metaphase-Il, spindle fibres attach to the kinetochdres of
chromosomes, aligning them at the cell's equator. In anaphase-Il, spindle
fibres pull sister chromatids apart toward opposite poles. Finally, in telophase-
I, chromosomes uncoil back into chromatin, nuclear envelopes and nucleolus
reform, and cytokinesis occurs. This results in the formation of four daughter
cells, each with half number of chromosomes. :



Prophase-Il

L e r-’f__l"-i:\r\k% b :
Metaphasel. JE

FIGURE 4.8: Phases of Meiosis-I|
Significance of Meiosis

t. Meiosis maintains the number of chromosomes

In animals, special cells in reproductive organs undergo meiosis. The daughter
cells, called gametes, have half the number of chromosomes (with no pairs).
During sexual reproduction, male and female gametes join to make the first
cell (zygote) of new generation. The original number of chromosomes is
restored in zygote. It undergoes mitosis many times and develops into the
new animal. 7“?'\ fi'@ﬁﬁ

.IL!

" ’ ! g N o o= .
In flowering plants, specialized C I:%@n ,ljﬁmﬂ%uh\:#qr\go meiosis. The daughter
9 ot

cells, called spores have half- f-chromosomes. These spores grow
into new generation i Sii “ﬁié ers. This generation produces gametes by
mitosis. The, “eﬁfé‘k*;iﬁln'% make zygote with full set of chromosomes. The
zygote undergoes mitosis and develops into new plant.
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2. Meiosis brings genetic dIVErSIté

Crossing over creates Ehﬁti& fgengs on chromosomes. Each
chromosome in the %’L es a unique set of genes. When diverse
gametes f ents combine, the resulting zygote is genetically

dlfferentq‘ff buth parents. In this way, meiosis contributes to genetic
diversity in populations.

Cells of Parents
with hemologous
chromosomes

Meiosis

0..0 W

A
v )

Gametes

gote
with homologous
chromosomes

FIGURE: 4.9: Meiosis creates cells with new combinations of genes
Errars in Meiosis
During meiosis-l, chromosomes separate while during meiosis-l sister
chromatids separate. It is called disjunction. Sometimes non-disjunction
occurs. Due to it, the daughter cells (gametes) receive more or less than the
normal number of chromosomes. If such gametes fuse, the zygote receives

abnormal number of chromosomes. If such zygote develops, the resulting
offspring suffers from severe medical problems.

4.4- COMPARISON BETWEEN MEIOSIS AND aT&

Similarities é@@\g

1. DNA replication o : ﬁ!ﬁﬁ ase (S phase) before both divisions.

2. Both diyisic
UNAA

ith a parent cell that has chromosomes in pairs.
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3. In both divisions, chromatin condenses and chromosumesib%cnme visible
during prophase. 4@ DQJQ

4. Both mitosis and mem.r.ls | f}g&w f a spindle apparatus.

5. Both involve pro anaphase, and telophase. However,
memsng\ ]‘ |e meiosis-1 and meiosis-Il.

6. In bo ivislnns, sister chromatids separate. In mitosis, it happens during
anaphase. In meiosis, it happens in anaphase |l.

7. Cytokinesis occurs at the end of both divisions. During cytokinesis, the
cytoplasm divides and two new cells are formed.

Differences

Table: Difference between mitosis and meiosis

Mitosis Meiosis

A parent cell divides only once; tmdaughter -ﬁ pareqtcell unde:goqa;f %o divisions; four
cells are produced. ughtereelf§are’ ﬁ :
Chromosome number in daughter célls C'xl M@éme number is reduced by half
remains the same as the daughter cells,

Variations are not @eRér U “ & Variations occur due to crossing-over
Occurs in }mjat\‘?lc\éeﬂs. Occurs in germ line cells.

Homologous chromosomes do not form | Homologous chromosomes form pair.
pairs, | B ("

No crossing over occurs during prophase. Crossing over occurs during prophase:.
Single chromosome aligns to form a o | Homologous pairs aftgntaf::nn 3 metaphasa
metaphase plate. ; plate, | 1
During anaphase, chromosomes break and During anaphase-|, individual chromosomes
individual chromatids are pulled towards are pulled towards poles.

poles.

Occurs for growth, development, and

maintenance of multicellular organisms. _

(@ 033 u'u >
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Homologous L
chromosomes

Synapsis
&
Crossing over

Pairs of '
Homologous “
chromosomes
attached to spindle *
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CELLCYCLE

—

@ Cell cycle is series of events startlng after cell @@t division.
® By mitosis a cell divides in @&ﬁ/} ??13 each daughter cell
receives the same es as were present in the parent

cell
® During‘@mgof mitosis chromatin condenses and takes the shape of
chromosomes. Centrioles duplicate and make spindle fibres.

® During metaphase of mitosis one chromosome is attached with two
spindle fibres from opposite poles.

® During anaphase of mitosis centromeres of chromosomes divide and
sister chromatids separate.

® During telophase of mitosis new nuclear envelope forms around each set

of chromosomes.

® Mitosis occurs during development, grnwth cell ,r\epJacement.
regeneration and asexual reproductlon A \ @D‘ﬁ\f\

® Meiosis is the type of cell dqy;#b yﬂ%ﬁ}eﬁﬁ daughter cell receives
half the number 01% m&%&mmpared to parental cell.

® During pr }_]I lDSIS, homologous chromosomes form pairs. The
non-si romatids of homologous chromosomes exchange their

segments in crossing over.

® During metaphase | of meiosis, one pair of homologous chromosomes is
attached with two spindle fibres from opposite poles.

® During anaphase | of meiosis, homologous chromosomes are pulled apart
forming two diploid sets at opposite poles.

e During telophase | of meiosis, spindle fibres disappear, and new nuclear
envelope surrounds each haploid set.

e Meiosis maintains the chromosome number in next generatiun b}.r making
haploid gametes. Meiosis produces variations in j%

b ng O

QR NN o! "




A. Select the correct answers for the following questions,
1. In which phase of cell cycle, maximum growth occurs in call?

ARGE Y
2; ':1 phhase L Wj\b;]?;h@géi
phase e G \&; d) G2 phase

2. In which phase of ceﬁ\mﬁﬁﬁm#nhmmes duplicate?

a) Mitosis AR b) G1 phase

¢) G2 phasgl[ )V d) S phase
3. Which of the following is NOT a characteristic of mitosis?

a) It occurs in somatic cells.

b) It results in genetically identical daughter cells.

¢) The chromosome number is halved in daughter cells.

d) It results in the formation of two daughter cells.

4. At which stage of mitosis chromosomes line up in the centre?

a) Prophase b) Metaphase
¢) Anaphase d) Tg]{)gb_ &
5. If you observe a cell in which nycleay ©liore orming around two
sets of chrnmosome%ﬁwhgj,:st\’ fx e 15 this?
a) Anaphase WX\N\} e b) Telophase
c) Prophase Wﬂﬁw DTN d) Metaphase
6. How does the ceritrosome contribute to mitosis?
a) Initiates DNA replication b) Makes mitotic spindle
¢) Forms the nuclear envelope d) Duplicates organelles
7. Centrosomes make mitotic spindle in: |
a) Animal cells b) Plant cells
¢) Prokaryotic cells d) All of these

8. An organism has 4 pairs of chromosomes. After meiosis-l, how many

chromosomes and chromatids will be present in each daughter cell?
a) 8 chromosomes and 16 chromatids
b) 4 chromosomes and 8 chrnrnagids,(\F_l Eﬁ\if@‘:J'I[._f_w.;,u
) 4 chromosomes and 4 chrofy & 50y ;@J =)
d) 8 chromosomes anﬂ«%“ﬁ@& g

9. Which event | Nﬂg%ﬂﬁ%emsis but not mitosis?
a) DNA repff@‘mﬁ b) Chromosome alignment

¢) Crossing over d) Nuclear division
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b) To reduce chrom

c0To separateﬁw atids
d)To Enwﬁ%éjﬁc recombination

10.Why is meiosis-II necessary after meiogls-{2\"A N\ |
a)To replicate Chrﬂmnsﬂnrﬁa\fqﬂé\\@\gu ]
ﬁ_wﬁjﬂ

B. Write short answers.

1. Enlist the events that occur during the G1 phase of interphase?
2. What is the main purpose of the S phase in the cell cycle?
3. During which phase of mitosis sister chromatids separate?
4. How does crossing over contribute to genetic variation in meiosis?
5. What is the role of spindle fibres in mitosis?
6. How is cytokinesis in animal cell different from plant cell?
7. What is the difference between prophase of mitosis and prophase-l of
meiosis-17? Ao A J;.f;:\ L@m
8. How does meiosis differ from mitosis i Tlfﬂc) e number?
L=

9. What are the key events of ana ' ;
10. What is the function qén eduring cell division?
11. What are sister 1 ~and when do they separate in mejosis?

12. How is mi ated to the process of regeneration?

o

C. Write answers in detail.

1. Describe the events that occur during the phases of mitosis,

2. Describe cytokinesis in animal and plant cells.

3. Describe the significance of mitosis.

4. Describe the events that occur during the phases of meiosis-|.
5. Describe the significance of meiosis.
D.

Inquisitive questions.

1. What role might mistakes in the cell cycle checkpoin uﬂa{a@iﬁ@
= Fﬁ\“ﬁf/ft’};\ju Lt

emergence of cancer? 0 (Tl

s = uofﬂﬁ% o
Why do skin cells dwll#;?-\ qg_tw@g}% heg ut an organism's
existence, but nerve ﬂ"‘\q&@’& cells permanently exit the cell cycle?
K DL-A‘

BN _;NNJW

P2
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Chapter 5 _
TISSUES, ORGANS, AND ORGAN
SYSTEMS

After studying this chapter, students will be able to:

[

» Distinguish between tissues, organs and o

plants. R e :

» Enlist the different types-@
human body. | L
« Discuss the ofganSysims that come together to form the human body.

AT g :
NN ages of homeostasis.

» Discuss h'céz various organs and organ sgster;s of the human body work to maintain
Sl e _ | '

s Discuss the different fypes of tissue that come together to form the leaf.

Explain plant physialogy in terms of structlres and roles of various plant organs.

Living organisms exhibit a complex organization of structures in which each
level of structure is built upon the previous one. This chapter will explore the
fundamental levels of biological organization: cells, tissues, organs, and organ
systems. We will study the characteristics and examples of each level,

understanding how fhey perform the functions of life.
5 cOR

5.1- LEVELS OF ORGANIZATION

Organisms are built on a pattern of incréaging c?mplléﬁty here are different
levels of DrganizationI_,jﬁhgr;g,}\qkﬁe'?&l ue!jare <simpler and higher levels are
increasingly complex. The [ﬁﬁ&ﬁfﬁb}‘mganization in multicellular organisms
begin with_lp_?-;ﬁ-p#iﬁ,l&ht"%h'a' smaHest level i.e, the atom, and progresses to the

S AN | AN . ;
largest and“mstt complex level i.e., the organism.
79
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TISSUES, ORGANS, AND ORGAN SYSTEMS

Atom: Atoms are the smallest umt of_m mt@}\&ﬁ tain the
property of an element. For% tm @ﬂs@‘\, hydrogen, oxygen.

Molecule: Atoms ¢ rm “holecules which can have entirely
different pr he atoms they contain. For example; water,

protem ar:ld

Organelle: Molecules combine in specific ways and make the
subcellular level i.e, organelle. Each organelle is specialized to do a
particular function. For example; mitochondria are responsible for
cellular respiration and ribosomesare specialized for protein synthesis.

Cell: When organelles assemble and interact with each other, they
make cell - the smallest unit with characteristics of life. They can carry
out life activities and can also reproduce. Unicellular organisms are
made of only one cell while multicellular organisms are made of many
cells. 12\ € M,‘iﬁ'ﬂ

Tissue: In muit:ce[lular r.:rrg\ab;k \kﬁ@ék% Slies. A tissue is a

group of smu!ar 1er to perform one or more
specific function ]e\s tissues include:
e In aﬁ\&\w

o Epithelial tissue - covers body surfaces and lines cavities (e.g.,
skin)

© Muscle tissue — enables movement (e.g., cardiac muscle in the
heart).
e [n plants;

o Epidermal tissue - protects the underlying parts (eg.
epidermis of leaf)

o Vascular tissue - transports water and nutrients (e.g,,.xylem and

GOML

phloem). \J, ]\ S
Organ: An organ is a strue:tyr .’3:‘1? Up\aj related tissues working

together to peﬁcrn@ﬁff 9 'iﬂglbﬂsj Examples of organs include:
‘I't-"'

e In arn mps blood through the circulatory system),
and fﬁlhgs acmtate gas exchange)

® In plants; Leaves (conduct photosynthesis), and roots (absorb water
and nutrients from soil).
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7- Organ System: An organ system consists of Mt s that work

together to perform related fﬂ% _ @es’ of organ system
@ 3 j

include: 2om 3 W\B( \9}1\

e In animals - %\.ﬂ% \}stem (transports nutrients and oxygen
thr \the'bod
ab

W y) and digestive system (breaks down food and
S nutrients).

® In plants - root system (anchors the plant and absorbs water and
nutrients) and shoot system (supports the plant and conducts
photosynthesis).

8- Organism: An organism is a living* entity that can function
independently on behalf of proper functioning of its organ systems.
Examples include humans and trees,

In organisms, the components at each jiSiioisssassantcanse deminasaeas 2
level do not work solely. Instead, they L[ i
interact. Due to their interactions :
Create new functions catié JONT - ST
properties. These | C& abllities that are present in higher level of
organization possible from the individual components. Following
are the examples of emergent properties when lower levels make higher

levels:
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1- From Organelles to Cells; | dual :
However, when these\o & hin a cell they create a compiex
system capable of arious cellular processes, such as cell division,
protem energy production.

2~ Fm\!& Cells to Tissues: Individual cells do not have properties that are
present in the tissue which they make. For example, muscle cells combine to
form muscle tissue, which can contract and generate force.

3- Frem Tissues to Orgaﬁs: An organ performs complex functions that its
individual tissues cannot perform. For example, the heart is composed of
various tissues, including muscle tissue, connective tissue, and epithelial
tissue. The coordinated interaction of these tissues allows the heart to pump
bloed throughout the body.

4- From Organs to Organ Systems: Multiple organs working together form
crgan systems, which carry out vital functmns For '
system is composed of organs lik

intestines, and liver. These i ot digest food but the
coordinated actmn ble the digestion and absorption of
nutrrents

5- Frok n Systams to Organisms: In an individual, the interactions of
various organ systems bring emergent properties such as consciousness,
thinking, and the ability to adapt to environment. These complex behaviours
are not present in individual organ systems but arise from their coordinated
interactions.

5.2- ORGANS AND ORGAN SYSTEMS IN PLANTS

You know that organs are made of two or more types of tissues organized to
serve a particular function. Organs which perform related functions work
together and make an organ system. The following are examples of organs
and organs systemn plants

‘h--l-'l' ?t"‘ﬁ &‘BFP# .l'"l. “,* -:I:}.!
1S Fn3fiest :d',

Rnnts Roots are us 0 :“ - 1C anchnr the plant in the sml and

absorb water and s§ éf erals from the soil. Roots also store nutrients
that thWﬂ eir growth. .
NN~ 82
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Roots: Roots anchor the plant in the soil and % @@d essential

minerals from the soil. Roots als stgr plant uses for their

growth.
Stems: Stems su @@ﬂwem and fruits. Stems contain vascular
tissues (xyle{Mem) that facilitate the movement of water, minerals,

and nutrients between roots and leaves.

Leaves: Leaves are the primary sites of photosynthesis and transpiration.
Transpiration in leaves is the loss of water vapour through small pores called
stomata.

Flower: Flower is reproductive part of a plant. It plays a crucial role in plant’s
sexuat reproduction.
=T

oot et e AT
In plants Eea is a cumplex urgan made nf various rel @@mfhe major

tissues that form a leaf are: o ¢ ﬂ
1- Epidermal Tissue: T% | :'l‘ \m ade of epidermal tissue

(epidermis). The upper € usually covered by waxy cuticle, which
reduces water provides protection. The lower epidermis also contains
guard cells. een two guard cells, there is a tiny pore called stoma (plural
stomata). Stomata control gzs exchange and the loss of water vapours.

2- Mesophylil Tissue: This tissue is present between the upper and lower
epidermis. It consists of cells which are rich in chloroplasts. It is the site of
photosynthesis. ere are two types of mesophyll in the leaf.

* Palisade mesophyil: It is located just beneath the upper epidermis. It
consists of tightly packed elongated cells.

* Spongy Mesophyll: It is present below the palisade mesophyll. It is
composed of loosely arranged cells with air spaces b en them.
These air spaces facilitate the diffusion of s L@@mue leaf.

3- Vascular Tissue: This tissue is b and veins of leaf. It is
called a complex tissue § two tissues i.e., xylem tissue and
phloem tissue. Th of leaf conducts water and minerals from the

f cells. Phloem tissue transports the products of
phntnsynthes:s (sugars) from leaf cells to the phloem of stem.
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epidermis

Palisade
mesophyll
é-.—ﬂpnngy mesophyll

Xylem

Phloem

Lower
Stoma epidermis

Guard cells

FIGURE 5.2: Tissues which make the leaf organ
Organ Systems in Plants A
An organ system consists of organs that wor %@@m essential
anisms, so their organ

the plantd -Roots also absorb water and salts needed from soil, and,
in some cases, store food. The shoot system includes stems, branches, leaves,
and flowers (and fruits formed from flowers). These organs work to enable
processes like photosynthesis and reproduction.

functions. Unlike animals, pla
- systems are less comp} ain organ systems i.e, the root
system and the shm root system consists of roots which anchor

Shoot
system

\[ N &5.3: Organs and organ systems in Plants
84




TISSUES, ORGANS, AND ORGAN SYSTEMS ‘

5.3- ORGANS AND ORGAN SYSTEMS IN @Ef@

Organs in Human &U ‘@ﬂ

Various crrgans man body, each with specific functions. Here
are a few e@ lrnportant organs:

Heart: The heart is @ muscular organ that pumps blood throughout the body.
It is essential for delivering oxygen and nutrients to cells and removing waste
products.

Lungs: The lungs are responsible for breathing. It facilitates the exchange of
oxygen and carbon dioxide between the body and environment.

Brain: The brain is the control center of the body. It is responsible for
coordination among other organs, thinking, and decision-making.

Liver: The liver performs many vital functions, includin 6@{{‘&”“9 blood,
producing bile, and storing glucose a'«

Kidneys: The kldney% er d}&m waste products from the
blood and producin Q&%\g\' _

Stomach ac
digestive enzymes.

is a muscular organ that breaks down food using

Intestines: The intestines are long, tubular organs that digest food and
absorb nutrients from the digested food.

Pancreas: The pancreas produces digestive enzymes. It also produces hormones
such as insulin and glucagon. -

Stomach as an Organ

Stomach is an important organ of the digestive system. It is responsible for
the partial digestion of proteins. It also stores food. It is cumposed of the
following tissues:

1- Epithelial Tissue: The inn @all @\E(gf@hai tissue. It is
glandular in nature 5 lines the inner wall and
protects it from a @ iﬁ\}u also secretes gastric juice that contains

Bﬂ protein digestion and hydrochloric acid for activating

enzyme W
pepsinogen to pepsin enzyme.
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<~ Connective Tissue: It lies beneath epithelial tissue. It provides structural
support and contains blood vessels, nerves, and lymphatics. .

{0
3- Muscle Tissue: There are thre g@&ﬁ%%cles: the outer
longitudinal layer, the middi he inner oblique layer. These
muscle contract and’ ith the gastric juice.

4- Quter ] issue: It is the outermost layer that encircles the

Epithelial tissue

Connective tissue

Muscle tissue

- e W AT 7 __.:‘.I. 1053 , [::“’EI'JL
el Salma e Ba i
g\lew examples of organ systems whlch form the human body
Skeletal system: It consists of bones, cartilages and tendons. It provides
structure, support, and protection to the body. It serves as a framework for
muscles to attach, allowing movements. It also stores minerals and produces

blood cells.

Digestive System: It consists of organs such as mouth, oesophagus, stomach,
small intestine, and large intestine. This system is responsible for the digestion
of food and the absorption of digested food.

Respiratory System: It includes the lungs, trachea (windplpé and bronchi.
This system is involved in the exchange of gases E?@@‘{f rbon dioxide)
between the body and the enviropm n m

Muscular System: It _ é scles, which attach to bones. These

muscles contract\ s. It allows movements and locomotion in the
body. WS‘N"\J\ ot
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Respiratory
system

Skeletal
system

Digestive
system

Brain

Skeletal
muscles

| Blood ,
Muscular | Nervous circulatory
system & system system

Nervous System: It includes brain, spinal cord, and nerves. The nervous
system coordinates and controls body functions through nerve impulses.

Blood Circulatory System:|t includes heart, blood vessels (arteries, veins,
and capillaries), and blood. This system transports oxygen, nutrients,
hormones, and waste products throughout the body.

The o}gans and organ systems of the b@;iy . ordifia
stable internal enwronmergr)it i g ﬂt ‘Homeostasis is def;ned

as the ability of an urga a stable mternal environment of the

W\P[




TISSUES, ORGANS, AND ORGAN SYSTEMS

body despite changes in the external environment. E xamples of homeostasis
include regulating the temperature, blood pressure, blg

example; M\\ﬁﬁ
® EHMS a sophisticated machine that plays a precise role within the

body. The proper functioning of cell is possible only when extracellular
conditions such as temperature, pH, and the concentrations of salts,
- glucose and oxygen are kept in normal range.

W =
-t

Homeostasis plays a

® When we do hard work, our muscles produce heat that raises the body
temperature. In such situation, the temperature regulating centre in the
brain sends message to sweat glands. As a result, sweating occurs and
the temperature of the body falls to normal.

When the body temperature falls, the temperature regulatory centre

sends message to muscles. As a result, shive ing n@@@genemte
heat. c-
0 @@@13
AN \
Body tempefatue )\ - Body temperature

T pi e g

Muscles start shivering. ; Wﬂf:dﬁﬁﬂﬂmt&
Shivering generates Sweat, As the sweat
heat. ‘evaporates, heat is jost
~ from the body.

| Nﬁﬁ.body
: temperature
Body temperature ﬁ BT e
rises to 37°C o o Ny s
O
FIGUR® b %t % y temperature
88
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® When we drink juice, %3 evel| rises. In this situation,

pancreas rele aho te n blood. This hormone lowers the
blood gluc %\ig .

o
o hard exercise, our muscles need more oxygen. In such

condition, the rate of breathing and heartbeat are increased.
Accelerated breathing and heartbeat supply more oxygen and food to
the muscles for continuous work,

Role Ofﬂrgansystems in Homeostasis

Several organ systems work together for homeostasis. For example;

Nervous system and endocrine system regulate and coordinate
activities such as heart rate, respiration, and metabolism. They also

respond to changes in the environment.
Respiratory system ensures that the body rg ra | xygen for
W fioxi e from the bﬂdy

cellular respiration. It alsg expels'e\ a‘ 6
Cardiovascula e regulating body temperature

and pH le sures that all cells receive the necessary
S roper functions.

Digestive system works for proper distribution of nutrients to cells for
energy, growth, and repair.

Muscular and skeletal systems help to maintain body posture, support
and movement.

Urinary system eliminates waste materials from the body. It also
regulates water and salt balance in body tissues. In this way, it
maintains blood volume, blood pressure, and pH levels.

Integumentary system acts as a barrier to protect the body from
external factors. It also helps to regulate temperature through

sweating. . 13 @@m
OQ@Q@@X@@W@
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i‘
E'l-
-'lrl

r =i 'r.-;-:

® Organelles are the subunits of a sell

® A tissue s a group.of simj m-ﬁé
fun__ctian.

2 5 made up of more than one type of tissues having
unctlun that work together.

® An organ system is a collection of different organs that work together to
perform a related function.

® The epithelial tissue of the stomach secretes gastric juice, which contains
mucus, HC| and pepsinogen. Mucus protects the stomach lining.

® The smooth muscles of stomach help in the breakdown of food.

Mesophyll tissue is present in leaf, Its cells contain chloroplasts. It is the
site of photosynthesis.

® Xylem and Phloem are the vascular tissues risiﬁb@@ﬁ@nspoﬂmg

water and nutrients.

amtam a reiatwely stabl&

EXERCISE

A. Select the correct answers for the following questions.
1. A higher level of organization exhibits emergent properties when:
a) Its parts function independently.
b) The sum of its parts is greater than the whole.
c) The individual parts are more important than the whole.
d) Its parts interact to perform more functions.
2. Which of the following demonstrates the | ‘-{ i@iun of the

body, from simplest to mosp.m@piﬁ( é\r&\_\\
a) Cell — Organ - T ﬁ\ % ganLSystem
b) Organelle — Cel{%rfs‘}l gan — Organ system

o ‘\-\1|‘~:J’R JP"_LJ
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c) Tissue — Cell — Organelle = Organ — Organ system m

d) Organ system — Tissue — Cell — Organe
3. At which level of crgamzaﬂ@s@f@@: hetween body and

environment?

a) Organelle level
b) Cell ﬂ/ealar cells
c) Tissue'level in epithelial tissues

d) Organ system level in the respiratory system
4. The epithelial tissue in the stomach wall is responsible for producing:

a) Mucus b) Pepsinogen
) Hydrochloric acid d) All of these
5. In the wall of stomach, which tissue also contains blood vessels and
nerves?
a) Epithelial b) Muscle
) Inner connective d) Outer connective

6. In a leaf, which tissue is responsible for photosynthesis?
a) Xylem B

c) Epidermis O'@@ -
7. What is the primary % tissue in a leaf? ’
a) To transpo 1 r parts
b)To tMr to parts of leaf
¢) To synthesize chlorophyll

d) To control the opening and closing of stomata
8. Which of these is a function of the human skeletal system?
a) Storing minerals and producing blood cells
b) Removing carbon dioxide from blood
¢) Filtering blood to remove waste products
d) Breaking down food for energy
9. Which structures are responsible for the transport of food in plant body?

a) Xylem tissue b) Palisade mesophyll
c) Phloem tissue d) Spcngy mesophyll
10.1n a plant, which of the following is th e nm W@weﬁ

a) Transporting water and mi ra
b) Supporting leaf g
c) Fat:listatmg repr g pollrnatmn

d) Regul ange
91
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B. Write short answers,

- Enlist the levels of organization from cells to o am@, :
2 &l in the stomach?

<. What are the major roles of the pith
». How do the smooth musc] ﬁw € stomach'’s function?
What is the fugeti € mesophyll in the leaf?

What is the oot system in plants?

V\é, ' tasis, and why is it important for organisms?
How-does the human body maintain a stable internal temperature?
Differentiate between the following:

I. Tissue and organ

li. Root system and shoot system

iii. Epidermal and mesophyll tissue

Iv. Palisade and spongy mesophyll

=~ ¥ I S

Lo

M

. Write answers in detail.

b

Explain the levels of organization in multicellular organism. How does each
level contribute to the overall functioning of an Drganisnm

What is a tissue level? Explain plant and anj g@@
Describe the tissue he(s . How does each tissue
' : ve\ fi ' mach

?
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contrib efurictions of the leaf?

5 Ho € organ systems come together to form the human body?

. Describe the roles of the digestive system and the excretory system in

homeostasis.

Explain the functions of various plant organs.

9. Describe the structure and function of the plant root system.

9. Define homeostasis and explain its importance. Discuss how different
organ systems work together to maintain homeostasis.

10.Describe how the respiratory and circulatory systems work together to
maintain homeostasis of oxygen and carbon dioxide levels in the body.

D. Inquisitive questions.

How does the structure of epithelial tissue relat 'tsé@m in different
parts of the body? e @ @G‘ 7
Evaluate the importance of i‘g@% orking in harmony and predict
the consequence@@&% ne system on the others.
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Chapf ‘
BIOMOLECULES

After studying this chapter, students will be able to:

* Define biochemistry/ molecular biology. .
‘Qutline the various types of common biomolecules (Carbohydrates, Proteins, Lipids, DNA,
RNA) including their locations inside the cell and main roles.

Define carbohydrates and outline the structure, function and sources of carbohydrates.
Identify carbohydrates as monosaccharides, disaccharides and polysacchande&

Qutline the structure and function and sources of proteins with structure of o acids.
Qutline the structure, function and sources of lipids. a @@

Describe briefly the structure of DNA. ;; '.
h Ei FETie

'Gutime the function of DNA as carne 1% o i

_Outlrne the function of RNA\ad aid jri-¢ rtmg hereditary information into proteins.
inforiy¢ ir-the E}NA is converted to information on RNA and then into

..O.I"-Il

proteins.

Biochemistry is the study of the chemical processes that occur within living
organisms (e.g., photosynthesis, cellular respiration). Molecular biology is the
study of the structure and function of the biomolecules (e.g., carbohydrates,
proteins, nucleic acids). This chapter digs into the fascinating world of
biomolecules.

The molecules produced by organisms are called biomolecules or biological
molecules. They include carbohydrates, lipids, proteins, and nucleic acids
(DNA and RNA). They are mostly large in size and | are called m&c\rdfﬁolecules
Biomolecules play crucial roles in theﬁﬁt/ruatqrélar‘ﬂ fuhétions in organisms.
]
The following table rnenthqs /mg}ohaQt foi‘d;ﬁaTetules and their functions.
b




BIOMOLECULES

Binmolemla on in the —~ [ e Fe _ _
Carbohydrates * Cytoplasm ® (\ X\J k}\b?&éﬁourc& of energy
«  Cell mgmb@cfaﬁ'\ Q,_ Act as energy storage molecules
Proteins o Celhivémbrage - *  Many proteins act as enzymes
' | W Oytoptasm * Some hormones are proteins
. Endopfasmrc reticulum * Make membranes and many other
' * Golgi apparatus structures in cells.
* Lysosome, mitochondria | s  Control cellular traffic
Lipids * Cell membrane * Act as energy storage molecules
* Cytoplasm * Actas heat insulators
* __Make structure of cell membrane
DNA * Nucleus (eukaryotes) e Carries genetic information for the
(Deoxyribonucleic [«  Nucleoid region development, functioning, and
Acid) (prokaryotes) tharacteristics of organism
« Mitochondria
*  Chloroplasts
RNA (Ribonucleic |« Nucleus * Carries genetic inf tn:m from |
Acid) * Ribosomes D ,;:@ B otein ,
| e Cytoplasm = |

Biomolecules make the. mﬁ@@ fprctnpiasm The remaining 7%

of dry mass compri Ns and inorganic substances like carbon

dioxide, a%ﬁﬁ@%& Ad salts.

‘Table: Percentage of Biomolecules in the Dry Mass of Protoplasm |
Binmnlecules % Dry mass |
Proteins 50
Nucleic acids 18
Carbohydrates : 15
[ Lipids 10 i
{8l i chrmica adions that ovein o rganisi e ;;,h;;.-;{..;r;';;r} """"" bolism.
. Metabahsm can be divided into two main categonas anabolism arid 'Mmusm

‘s the type of metabolism in whmh simpler substantes, ke med to form t:umplex.
: Srubs'_tahc;es. 'Energy'is use'd In_these reactiods, Catahglish isthe type of metabuhsm in whn:h




6.2- CARBOHYDRATES @ @(@{f@
=

“Carbohydrate” means ‘hydra organic compounds
in which the ratio o s in water). They are also known as

"Saccharides” [ i THey have the general formula Ca(H20)n
where 9, o umber of carbon atoms. There are three classes of

carbohydrates: monosaccharides, disaccharides, and polysaccharides.

‘l ;}Manusaccha"des ; ﬁ_.. -'H " o T TR -._-.‘”. L

Monosaccharides (simple sugars) are made of single sugar molecule. They are
easily soluble in water and have sweet taste. They may have 3 to 7 carbon
atoms. Pentoses (5 C) and hexoses (6 C) are most common.

Examples:

e Ribose (CsH100s) and deoxyribose (CsH1004) are pentoses.
e Glucose, fructose, and galactose are hexoses (CsH120s).

O

Deoxyribose

FIGURE 6.1: Common pentoses

&CHIDH

man hexnses




2. Disaccharides . i R

They are made of two monosaccharides units. They are less le in water
and are less sweet in taste. 37

Examples: @@@ﬁ

* Sucrose (table sia two monosaccharides i.e,, glucose and

\
fructow o
* Maltose is made of two glucose molecules.

Glucose Fructose Glucose Glucose
subunit subunit subunit subunit

=sare” large molecules composed of !
hundreds to thousands of monosaccharides units, They .
are insoluble in water and are tasteless.

Examples:

® Starch is a storage polysaccharide found in plants.

when energy is needed. S m
* Cellulose is 3 polysaccharide that alsp cQpsi ! @J&%Q chains of
glucose units, |t is found in th Mrgé.ﬁ

* Chitin is a modified m@ tis found in the exoskeletons of
crabs, lobsters andhi -Italso makes the cell wall of fungi.
I JNM o=
QAW 9%
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Glycogen Cellulose

FIGURE 6.4: Polysaccharides
Sources and Functions of Ca thohydrates 2o
Sources:

» Monosaccharides:Glucose, fructose and galactose are found in fruits,
vegetables, honey and cereals.

« Disaccharides:Sucrose is found in sugar beet, sugar cane and fruits.
Lactose is found in milk and dairy products. Maltose is fo ncereals.

« Polysaccharides:Starch is found S arley, maize,
rice etc. Gif\@
Functions: “
« Carb Q he primary source of energy. Glucose is used by

cell produce energy through cellular respiration.

« Dietary fibre contains undigestible carbohydrates e.g, cellulose. it
helps for the proper bowel movements.

« Pentoses (ribose and deoxyribose) are essential parts of nucleic acids
(RNA and DNA respectively).

« Plants convert their monosaccharides to disaccharides like sucrose to
transport monosaccharides between body parts.

« Cellulose is the most abundant carbohydrate. It provides support to
plant cells and ultimately to the whole plant.

2\ .CO
\rﬂO (&@@N@D{J
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6.3- PROTEINS

AEIS
Proteins are the m@ﬁ@@ 1t blomolecules in cell They are defined as the
: U%L— *

polymers of roteins are important for the structures of cells.
They W patticipate in everything organisms do.

Structure of Proteins

Amino acids

Amino acids are the organic #7700 Wt SRt
molecules that join in specific :''"'1"""""1_ﬂ.ﬂ‘-ﬁ.;'ﬁ :’w'ih“;h‘;': .:::“ T" i _ng

i ] ot S_yﬂt esized :
number and sequence to make SIS D - y;

- our body and are sy lied by
proteins. About 170 types of amino | e g o =i

acids occur in organisms. However, '
20 types of amino acids parti ‘

in making most of t ‘ . 1R ."
g he A _l*d\g b s ARG G T S P

An amino acid j ' molecule made of an amino group (NHz), a
%—U, a hydrogen group (H) and a side group (R) which are

ca rboxw
attache a central carbon atom:

R

|
HaN — f— COOH

H

Amino acid - general structure
Different amino acids contain different side groups. For example, in amino
acid glycine the side group is H and in amino acid alanine, the"side group is

ANt

-
e e

I | A0
H:N —C— cooH \ Hsz—i{(T?;@@ng\m
B\ AU
\j\__- AN

Alanine




’ BIGMULEEULES
Sources and Functions of "Prdtei,ni_k_':_; 4 @.'
Good sources of protein include | | f sh, eggs, milk,
pulses, beans etc. Pmteéﬂ ) : ns in our bodies, including:

» Proteins are wnﬁ\é

° Som@ﬁ?ﬁgi\m e.g. collagen and keratin make alrnnst whole structures
_ of cartilage, hair, and nails.

» Enzymes are proteins that catalyse all biochemical reactions occurring
in organisms.

* Some proteins are hormones. They regulate body processes.
« _Haemoglobin protein transports oxygen in the blood.

* Actin and myosin proteins are the main components of muscle cells.
They are responsible for muscular contractions.

» Fibrin is a blood clotting protein that makes blood clot to prevent the
loss of blood after an injury.

» Some proteins called antibodies (pa uf o 1@@1‘%{1
the body against harmful p% f\
6.4- LIPIDS “m
Lipids are pnunds that are insoluble in water but are soluble in

organic solvents (e.g., alcohol, ether, benzene). They are composed of glycerol
and fatty acids.

Glycerol is an alcohol having 3 carbon atoms. Each carbon has a hydroxyl
group.
i
H— C— OH
1
H—C—OH
H— (l}- OH
H
Glycerol d’@\g\;ﬁ

Fatty acids are long hydrocarbon ains 'Rg’)@\? :Qﬁ ?COOH} at the
end. There are two types 5

:‘\\)\3 d* =
WS



Saturated fatty acids have mter

maximum number of er eﬁ&@ ?. fiot have double bonds
between carban a L\ia atty acids are solid at room
tem perature,m E\&\ AN
AN 0} acids have one or more double bonds between
on atoms. They are liquid at room temperature.
HHHHHDO ll-l H },i '[' ?
ET oy 1 G
- H—c—c~{|:—c-—c—c—or-: H-c-c-c#° {f RN
Yol i ] benod, o id
HHHHH H HH i
Saturated fatty acid Unsaturated fatty acid
Majn-mpsﬁflﬁpiﬂs;_ T -
1- Fats and Oils

Fats and oils are the most famj lar
contain one egceroI thrf..-e
contain saturated fatf

at room te ammal fats. On the
other h lls cuntaln unsaturated fatty
acids and so are liquid at room temperature
e.9. plant oils such as olive oil, corn oil, and
coconut oil.

2- Phospholipids

These lipids make the core of all membranes.
A phospholipid molecule consists of one
glycerol, two fatty acids and 3 phosphate

group.
Sources and Functinns qf Lipids

Sources

Sources of lipids from anlmals  ar
of lipids from plants ” ?" ,

gl

are solid

Ny

\ 61’% 3b-::tm:iu‘?ecl with

/@

AT

H— C— Fatty acid

H— [:I— Fatty acid

H— {|3 — Fatty acid
H

Fats and oils
General structure }

Glycerol

i

H— C — Fatty acid
|

H— _r — Fatty acid

H— C— Phosphate
b group

,, \Géﬁg} %ﬁcture J

-
w\’)} prétéucts while the sources

Gll etc. Plants synthesize oils and

m IX]Q\I_\I



BIOMOLECULES

store them in seeds, such as sunflower oil, coconut oil, groundnut oil and corn
oil.
1
, N IT“"" * ”3&"1 NW
Functions \ﬂ H*"u | A0

g
e Lipids are the rn , brﬁcﬂecuﬁes They serve as a long-

term energy r‘@&) n"‘»th farrn of fats in adipose tissues. When the
body rqqgi Ehergy, these stored lipids are broken down to release
fatty acids and glycerol, which can be used as fuel for energy.

» Lipids are essential components of cell membranes.

e Lipids act as insulators and protect vital organs. For example, adipose
tissue surrounding organs provides cushioning and heat insulation,

o Some lipids help in the synthesis of hormones. Steroid hormones are
derived from a lipid i.e., cholesterol.

e Lipids help in the absorption of fat-soluble vitamins (A, D, E, and K) in
the digestive system. @ru 1\3‘&

6.5- NUCLEIC Acmg% N@@\Uﬁﬁa @
?-no

Nucleic acids 3(

ecules that are composed of units called
nucleotides. At

cleotide is made up of three components:
1. Pentose sugar (ribose or deoxyribose)

2. Nitrogenous base

3. Phosphate group (POu)

N-base
N
Phosphate group I @)
-*:~-if'."“"":';,"-
(O
i - 3 ! Ill". R )
NG Qs
H\"x
= [ A
WA Q’P\H\“\{f\ﬂ o
‘Nucleotide
General structure
Pentose
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BIOMOLECULES
There are two types of nucleic acids: e :ﬁ@,@m
1- Deuxynbanuclmc Acid (B Wﬂm (oL J&=

DNA is made of 51\59 P& e (€otides™ (de- oiy ribo-nucleotides). In this
nucleotide, the pe t%@ugé} deuxyrrbnse while the nitrogenous base may
be adeni ﬁﬂ(ﬁlﬁhﬁ? fine (T), cytosine (C), or

guanmel& ................................

In 1962, Jarnes Watson and
In 1953, US bmlnglstJames Watson and Brltlsh, Francise Crick received Nobel |

biologist Francis Crick proposed the dcuble. prize for the discovery of fhe*
helix model of DNA, According to this model: E double helix structure of DNA.

.................................

°* DNA is a double helix molecule. It is made of twu strands Df
nucleotides. :

* Both strands are coiled around each other.

* The nitrogenous bases of one strand make hydrogerk'%%nds with the
nitrogenous bases of the uppnmte str.alj_dR rr-::ﬁ

| K’g@\h gy

A, T

=

131\

( (;F,x.ﬁ
Str; nd Strand \ de”"“e
Vi

o) (‘\, anme - Thymine
N\& x \ NS
QWM }iﬁ '6.5: Double helix model of DNA
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BIOMOLECULES

e The paring of nitrogenous bases is specific I?m h:é:f\ﬂhe strand
forms a pair with thyn‘nne of Qppﬁi\m ﬁ\r‘! é

cytesme forms
a pair with guartu e

®* There are tw nds between adenine and thymine and

thr f\ ends between cytosine and guanine.
WNJ

Function of DNA

DNA contains the hereditary information. This information is in the form of a
sequence of nucleotides. This sequence determines the order of amino acids
during protein synthesis. The segment of DNA in which the sequence of
nucleotides determines the synthesis of a protein (polypeptide chain) is called
a gene. During reproduction, DNA is passed from one generation to the next.
In this way, DNA carries the heredlty information to the next generatlen

2- Ribonucleic Acid (RNA) “" *"*‘ﬂ BT AT
RNA is single-stranded. Its strand
consists of ribonucleotides.

ribonucleotide contains ribose s

instead of deoxyri @
ribonucleotide, |’t\:§u\gt ous
base may é (A), uracil (U),

cytosine (C), or guanine (G). There
are three types of RNA:

a. Messenger RNA (mRNA):
Carries the genetic information from
DNA to the ribosomes during
protein synthesis.

b. Transfer RNA (tRNA): Transfers
specific amino acids to the
ribosomes, ensuring the correct

sequence during protein synthesis. RNA Strand G%[;a_;tifn?) E Uracﬂ
c. I_{lbnsnmal RNA (rRNA} ’ff‘ 1.\} H\" \i\
Cnns?t”tes s iR \l HGURE 6.6: Structure of RNA
functional cempe

hmery fer pretem synthesis.

ribesemes.ﬁgmﬁ _




BIOMOLECULES

@'a' '

The DNA molecule 91 \acHrg IRSOMme” consists of thousands of nucleotides.
Along the lengt YAnolecule, there are specific segments called genes.
Each gwg{c% of specific sequence of nucleotides that carries
information for the synthesis of a specific protein.

During the working of a gene, the specific sequence of DNA nucleotides is
copied. This copy is in the form of a molecule of messenger RNA (MRNA). The
process of making mRNA copy of DNA is called transcription. The mRNA
carries the sequence of jts nucleotides to the ribosome. The ribosome reads

this sequence and joins specific amino acids to form a protein. This step is
known as translation.

A
e

2 :
=\
FIGURE 6.7: {\\ so called the Central Dogma)
VAT
&)

W
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BIOMOLECULES

« Biochemistry is the study of the substances and chemical prnf:esses that
occur within living organisms.

» Molecular biology is the s@ﬂ@f\iﬁ@ﬂ@%@’ function of the

biomolecules.

« Biomolecules mmes produced by organisms. They include
carbohydyates, lipids, proteins, and nucleic acids.

« Carbohydrates are organic compounds composed of carbon, hydrogen,
and oxygen in which the ratio of H and O is 2:1 (same as in water).

« Monosaccharides are made of single sugar molecule. They are easily
soluble in water and have sweet taste.

« Disaccharides are made of two monosaccharides. They are less soluble in
water and are less sweet in taste.

o Polysaccharides are composed of hundreds to thousands of
monosaccharides. They are insoluble in water and are t 5.

« Starch is a storage polysacchange jﬂu{\ @ plﬂ%{,ﬁgycogen is the animal
starch mainly sto rﬂ@j A

5
. Celiuloa elisa éﬁ ﬁ& ound in the cell walls of plants.

e Chitin |s Dd!fl&d form of cellulose. It is found in the exoskeletons of
crabs, lobsters and insects. It also makes the cell wall of fungi.

« Carbohydrates are the primary source of energy.
s Proteins are the most abundant macromolecules in a cell.
» Proteins are made of amino acids.

« Amino acids are the building blocks of proteins; an amino acid contains an
amino group, a carboxyl group, a hydrogen group and a side group
attached to a central carbon atom.

« Proteins are an important part of all cell membranes

« Lipids are organic compounds th @@ mer but are soluble
in organic solvent % @
< Saturaw %ﬁ gle bond in carbon-to-carbon atoms
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® Unsaturated fatty acids have one or more double bonds W&em carbon

atoms. ~ é e 1C© :

¢ Lipids serve as a long term\q {%@E\}A e form of fats in adipose
tissues. \r«-f”‘\ @

* Lipids are es ent5 of cell membranes.

» DNA i e stranded molecule while RNA is a single-stranded

molecule, Bcth DNA and RNA are composed of nucleotides.

® Each nucleotide of DNA consists of a deoxyribose sugar, a phosphate
group, and one of four nitrogenous bases: adenine (A), thymine (T),
Cytosine (C), and guanine (G).

* Each nucleotide of RNA consists of 3 ribose sugar, a phosphate group, and
one of four nitrogenous bases: adenine (A), Uracil (U), cytosine (C), and
guanine (G).

* The copying of a specific sequence of DNA nucl ntrdﬁme form of
messenger RNA (mRNA) is called transcripti

* Ribosome reads the nucleo
amino acids accordi

RNA and joins specific
protein. It is known as transiation.

EXERCISE

A. Select the correct answers for the following questions,

1. What is the primary function of  carbohydrates?
a) Provide energy
b) Act as enzymes

¢) Regulate processes o a,;_,@}ﬁﬁ}j
C ""H'I. |.~ WA=
d) Make membranes = [T &
2. How will you differentiate bet fqﬁ ’D 1‘{ (ﬁ,ﬁ\wﬂLJ and polysaccharides?

.l'

S

a) Munnsaccharldes i
b) F'olysacchand ,qare Wm’in taste

| I\.

_h_l
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BIOMOLECULES

c) Monosaccharides are present in plant cell N\ @ {j Vﬂ\h
d) Polysaccharides dissolve easily @A\J & @j\‘?

3. What is true abo& eli
a)ltis sweet in ta -u-

Jes Lo ‘r‘\uman digestive system.

|des structural support.in plants.

d) It is soluble in water.
4. Which of the following proteins is involved in oxygen transport?

a) Insulin : b) Haemoglobin
¢) Collagen d) Keratin
5. Which component of an amino acid determines its unique properties?
a) Amino group b) Carboxyl group
¢) R group (side group) d) Hydrogen group
6. Which proteins are involved in defence against pathugens?
a) Antibodies = ilhy Myosm

c) Fibrinogen ﬂ@%@
7. Which of the following ar
a) Amino acids b) Fatty acids and glycerol
¢) Nucleotides ;é% d) Simple sugars
8. V\W tatty acids differ from saturated fatty acids?
a) Th

ave more hydrogen atoms.
b) They contain double bonds in their hydrocarbon chains.

¢) They are solid at room temperature.
d) They are found only in animal fats.

9. Which of the following is NOT a function of proteins?
a) Transport oxygen in the blood.
b) Carry genetic information.
c) Help in digesting food.
d) Fight against pathogens.
: 3 ’
10. Which components make up a nucleotide? — @@E’g@j

a) Sugar, phosphate, nltrogenous Pu G\’VJ o\q
b) Amino acid, sugar, mtr X

c) Fatty acid, ph gm Ii"s base

d) Prn‘lt\%\?m nous base
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BIOMOLECULES

11. Which nitrogenous base is found in RNA but not in DNA?
a) Adenine b) Thymine

¢) Uracil d) Guapine (!

" ﬂ., o I T e

B. Write short answers. i Q Q @\Bﬂ @

What are the main fumd | rates in the body?
How do the th )l ﬁ%uhydrates differ in taste?
Name MMnnosaccharides and two disaccharides.
Which monosaccharides make a sucrose molecule?
Give an example of a storage polysaccharide in plants.
Define amino acid and draw its structure.
What are the basic components of lipids? Draw their structures.
What are the types of RNA? Write their functions.
Briefly describe the function of DNA.
. Write answers in detail.

et & TR0~ 08 = e B> LR A

Write a comprehensive note on the structures and roles of the three

classes of carbohydrates. 3
: oYl

Discuss the functions of proteins. - \ “‘\
What are fatty acids? Explain- aif] @E\J L

Describe the basic str and oils. Explain how lipids play role in

energy st NN o=

5. Explain thé‘ ouble helix structure of DNA, and discuss the base pairing in
this structure.

6. Explain how the information in DNA is converted to RNA and then to

proteins.

I L) P

D. Inquisitive questions.

1. Evaluate the importance of water in the functioning of biomolecules.
2. Find the amount/ percentage of carbohydrates, Proteins, Fats and water in
the following food product and compare them with each mﬂ

o

Roti(40gm), Burger, Cucumber, Egg, Ri @Wj@ o
fries(100gm),Carrot aF ﬁ%&wﬂ :
Wb
; JT\‘J]G
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Chapter 7
ENZYMES

After studying this chapter, students will be able to:

Buﬁh& metahahsm, cdtaﬁaﬁsm and mhﬂhﬂh with &xampl&s
j_lbaﬁne enzymes and describe their characteristics,
 Describe and depict the mechanism of enzyme action.

: Bﬁcﬂhathe factors which could influence enzyme actmty

"“..’_-f . ‘ .

Enzyrnes are remarkable_ proteins wﬁl{:@sﬁ& aﬁib& Elnchemical reactions that
would otherwise Dccurktx ry‘ 5 ‘n\:\&peed In this chapter, we will study the
unique char 5 }'rzyrnes and uncover how they perform their work.
We will al%é@p\are the various factors that influence their activity.

7.1- METABOLISM

Metabolism is the sum of all chemical reactions
that occur within an organism to sustain life.
There are two sub-sets of metabolism iLe,
catabolism and anabolism.

1. Catabolism involves the breakdown of

cnmpi.ex molecules |'ntc3 simpler ones, Hﬁmmingt;ir TR ]
releasing energy in the process.: . @@)ﬁes g
Examples include: : x“\\" "Wﬁ e e

s (Cellular re&n tion- hn f\ic‘.ﬁ fﬂ’ed' stantly to keep up their
(giucose} I\aﬂs‘» b‘té:k\én into CO; | Eﬂergy levels. |
{ﬁQ@N tgge‘i"energy
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e Lipolysis in which lipid (fat) is broken into fatty acids and glycerol,

which can be used for getting energy. O if‘“ﬁ\‘-'*
2. Anabolism involves building up ?W%éﬁf ‘?‘om simpler ones.
This process consumes )()\ 'incl
° Photosynthﬁ R, COz and H:0 are joined to make glucose
using] £ Oxygen is also produced as byproduct.
¢ Protein synthesis in which proteins are formed by joining the amino
" acids.
°Q o
Qo
:’ °©Q0
Larger molecule Smaller units
Energy
05 |
o |
00 o .'
Smalléedin REQH@&
R E 7.1: Types of metabolism
VN
7.2~ ENZYMES

Enzymes are biological catalysts that speed up chemical reactions in living
organisms without being consumed in the process. They are primarily
proteins and are highly specific to their substrates (the molecules that
undergo enzyme-controlled reactions). Most enzymes can speed up reactions
millions of times faster than uncatalyzed reactions.

Characteristics of Enzymes o el i |

Chemical nature of enzymes: Enzymes are _ NA ﬂlealf: z;:t“:
predominantly proteins. Typucally, they EPW bozymie.®  Ribozymes are.
100 to 1,000 amino amds @1 R VL _ 3_ ily found in ribosome.
G | rﬁt:
Globular structure: E t\ss a three-: E::e::n: ;E:d i/ 3pac

dimensional gﬁbﬁ{é} ffucture This structure®.
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allows them to form active sites that can bind speclfcally to substrat\es

Specificity of enzymes: Enzymes are hj highly sp ifit” tﬁgﬁj@actmns they
catalyse. They are also very spe kfbr,t \ljé ure ?’Bstrate For example,
the enzyme amylase sﬁhﬁﬁﬁr@ U;:Zy &s»thé’Ereakdnwn of starch into simple
sugars. NP , )

[ntracellu@gn@extra:ellular enzymes: Enzymes can be classified based on
the location where they function. Intracellular enzymes operate within cells
e.g., enzymes of cellular respiration. Extracellular enzymes are secreted
outside the cells to catalyse reactions e.g., enzymes secreted by the cells of
stomach walls into stomach cavity for the digestion of food.

Cofactors of enzymes: Many enzymes require additional non-protein
molecules to be fully active. Such non-protein molecules are called cofactors.
There are two main groups of cofactors. i.e., inorganic cofactors and organic
cofactors. Inorganic cofactors include metal ions like iron and magnesium
ions. The organic cofactors are of two types.

» Prosthetic groups tightly bmg wrth &Mﬁare certain

vitamins (e.g., bmtln] and‘t
.-ﬂ-"’\'

o Cnenzymes Ioos \
and .

Enzyme actions in complex metabolic reactions: Multiple enzymes work in

a sequence to carry out a series of reactions. Each enzyme in the series

catalyses a specific step. After speeding up the reaction, the product is passed
on to the next enzyme for further reaction.

" 6\%’% enzyme and may be released during
es include many vitamins and nucleotides (NAD

Use of enzymes in different industries: Enzymes have extensive applications
in various industries. For example:

e Food industry: Enzymes that break starch into simple sugars are used
in production of white bread, buns, and rolls. Enzymes are also used for
the production of cheese. =0 \jx‘x\ﬂ

* Paper industry: Enzymes deg,ad . {’Qf g {é;wé’rni& viscosity that aid
in making paper,. \ 70 h u

@\M\J“*

r ‘J.h\” -:-I\LﬂE =
3 |.=.\t:]’{\'\]_ﬁ;r§xv. W 111
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ENZYMES

« Biological detergent: Protease enzymes\?z Qﬁg ’fgm‘{@ﬂg removal of

protein stains from cln e used in dish washing

to remove regﬁ&ntﬂ
e Ferm y: Enzymes degrade starch and proteins to

p@ﬁ‘ mple sugar, amino acids and peptides. These substances are
used by microorganisms e.g., yeast in fermentation to produce
different products of human use. -

7.3- MECHANISM OF ENZYME ACTION

An enzyme has one or more pockets or clefts
on its surface. These are called active sites. The
active sites are directly involved in catalysis.
Two models have been proposed to explain the
mechanism of enzyme action.

1- Lock and Key Mnm @W&

Active site

Action Enzyme

This mode y a German chemist FIGURE 7.2: Active site of
Emil F&ng-ﬁl According to it, the active enzyme

site of enzyme has a fixed structure. The

substrate molecule fits precisely into it to form an enzyme-substrate

complex. The enzyme catalyzes the reaction and substrate is transformed
into product/s. Then, the product is released from the enzyme.

' Substrate

Active site

Products

Enzyme-Substrate

Complex
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2. Induced Fit Mﬁdel“
This model was proposed by an Amenc ﬁé\l‘l(ushtand in 1958.
'ﬂ‘ éi e s

According to this mudgj not rigid. When substrate
interacts with the enzyr‘% @ is reshaped to perform its function.
\N

Changes in
Actwe site active EftE

FIGURE 7.4: Indu:ed fit model of enzyme action

Products

Enzyme-Substrate
Complex

7.4- FACTORS THAT AFFECT THE ACTIVITY @@m

Enzymes are sensitive to the:r m%ﬁ% of an enzyme is
\

affected by the follumng CtQFE"'\

T Temperatur i TM Optimum temperature for
J\I\ human enzymes (37°C)
Each Elr'nzyﬂr'fér rks at maximum b

rate at a specific temperature
called optimum temperature. The
optimum temperature for most
of the human enzymes is 37°C.
When temperature rises to a
certain limit, the heat adds in the
movement of molecules. So, the
rate of enzyme action increases.
But when temperature is raised
well above the optimum
temperature, heat breaks the

= A M
bonds in enzyme mol le. }:\ Véi \EL&J\S Effect of temperature on enzyme
this way the globular strif é\? activity

enzyme s Iu jﬁ Wﬁh

Rate of reaction

el L T B R i e
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denaturation of enzyme. It results in a rapid decre @@]muf enzyme

Zﬂ:: “&@K@W

Enzymes \N itive i |
hydrogen ion concentration (pH) Optimum pH for Optimum pH for

of the fluid in which they work PeRg s 9 20) SR )
They show maximum activity at a
specific pH, called their optimum
pH. Change in pH can affect the
ionization of the amino acids at
the active site of enzyme. It slows
down enzyme activity or blocks it
completely. Different enzymes T

have different optimum pH St .r@@mm
values. For example, pepsin in | _m(\jﬁfﬂ =/

=gl |
stomach works in acidic medi ot \'}\L}ij = a
(pH 1.5 to 2.0) while2 ﬁ@&&’} : Effect of pH on enzyme activity

small intewg medium (pH 7 to 8).
3. Substrate Concentration = |

An increase in  substrate All active sites |
concentration increases the rate Gcclipled

of reaction. At high substrate '

concentration, all active sites of

the enzymes are occupied. In this
condition, any more substrate
molecules do not find free active
sites. This state s called

saturation of active sites and PRI T
reaction rate does not increase. _ @@mn |

U ';..-" o U
%%T %&Iﬁr} RE 7.7: Effect of substrate concentration

on enzyme activity

Rate of reaction

o ||

=
Py
Ui e
Lo =
L —
Oy ==
= ]
o —
Vot

Rate of reaction

S R

.....
=
o
—
]

W
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7.5- ENZYME INHIBITION 2 \E@a@@m
Certain substances, called enzyme irfhi k@\g nzyme and decrease its
activity. This phenomeng{\\'&? oW ‘enzyme inhibition.
1. Competiti ition |

Some inhibitors resemble the enzyme's substrate. They compete with the
substrate to attach to the active site of enzyme. When the inhibitor is
attached to the active site, it blocks it and does not allow the substrate to
attach. Examples of competitive inhibitors are antibiotics. The antibiotic
molecules compete with the substrates of bacterial enzymes. They attach to
bacterial enzymes and inhibit them.

2. Non-Competitive Inhibition | '
Some enzyme inhibitors do not have similarity ﬂ?yi@@@hw do not

attach to the active site of enzymae. Eat K’g A “fo some other location
of enzyme. This attachment fr@gﬁ erall shape of enzyme and also the

shape of active site, Sg,\thi E ged active site does not fit substrate and
enzyme is inhi : ?nples include heavy metals like mercury and certain

drugs used in cancer therapy.
m m
)

Competitive
: inhibitor
’ :E:: i?tew“h Non-competitive
' So, substrate q,_.ut;f;twf-:rr i
cannot attach. ) jﬁ nges shape

of enzyme and its
active site.

S0, substrate
cannot attach,

]
Competitive [nﬁwﬁ‘“ & Non-competitive Inhibition

FIGURE 7.8: Types of enzyme inhibition
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e The biochemical reactions occumng m Iwn r@i{@ are called
metabolism. AL

e In anabolism, smalbif tn orm large molecules. In
catabui:sm la re bruken down into smaller molecules.
. Enzymes temg that catalyze (i.e. speed up) biochemical reactions.

« Enzymes are highly specific to the reactions and also for the substrate.

e Intracellular enzymes operate within cells e.g. enzymes of cellular
respiration.

o Extracellular enzymes are secreted outside the cells to catalyse reactions
e.g., enzymes working in stomach cavity for the digestion of food.

o Cofactors are the non-protein molecules required by enzymes to be fully |
active.

s Inorganic cofactors include metal ions like iron and m%%@m ions.
I
e The organic cofactors are of wqjyﬁ ﬂ H; o \ {a fe

e Prosthetic groups %\m ‘factorf. which tightly bind with the
(e.g. hlotm) and the haem group .

enzymes e. j
RN
° Coenzynf}\é ErPe the organic cofactors which loosely bind to the enzyrne
e.g., many vitamins and nucleotides (NAD and NADP).

e Enzymes work at their maximum rate at optimum temperature and pH.
e The catalytic region of enzyme molecule is known as active site.

e According to the lock and key model, the active site of enzyme has a fixed
structure,

e According to induced fit model, when substrate interacts with the enzyme,
active site of enzyme is reshaped to perform its function.

s Inhibitors are substances that interfere with and hl% an enzyme's
aﬁti\"ity.' P Cﬁﬂ(g

o Competitive inhibié 5 re ﬁ‘; a( the \&Elr e. They compete with the
substrate for the sﬁ%’@ 8 Bite

of an enzyme. Examples are antibiotics.
e A non- \:fﬂ e “-‘-.--*

Ahibitor bind to a site on the enzyme other than the
active site. Examples are heavy metals and certain drugs used in cancer
therapy. '
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WMG® “EXERCISE
. S:l.en:t Fhe correct answers for the fnllnwm? qygﬁ?ut&g@ﬁ&H
. Primarily, all enzymes are; L ﬂiﬂ@ o2
a) Nucleic acids “&%&Qﬁa )[Proteins
c) Carbohydrates m \S d) Lipids
. Which b enzyme?
a) A chémical that breaks down food.
b) A hormone that regulates metabolism.
) A protein that speeds up reactions.
d) A molecule that stores energy.
. What can happen if an enzyme is exposed to temperature that is higher
than its optimal temperature?
a) Enzyme activity rate will increase.
b) Enzyme’s shape will change, potentially reducing its activity.
c) Enzyme will speed up the reaction and remain stable.
d) Enzyme will become a substrate itseif. — D(@@m

. Enzymes are specific in their ac{tjijon e W@l
a) Their active sites fit speciﬁf@s@%@m
b) They are aiwayw o
c) The ‘In reactions.
d) Theﬁb only at high temperatures.
. Prosthetic groups are;
a) Required by all enzymes. b) Proteins in nature.
c) Loosely attached with enzymes. d) Tightly bound to enzyme.
. How does increasing temperature affect enzyme activity?
a) Increases activity to a point
b) Always decreases activity
c) Makes enzymes non-functional
d) No effect on enzyme
. How does competitive inhibitor affect enzyme action?
a) Attaches with the substrate. & @%ﬁdﬁe shape.
c) Attaches and blocks the acti ’é“&\ E‘\FL e cofactors.
. An enzyme work M@A s placed in an acidic solution with

a pH of 4.0. Ho the enzyme?
a) ThE@M&'I be modified, reducing substrate binding.
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b) The enzyme will catalyse reac@:n :‘\\%( ed H ions.
c) The enzyme will gain a

d) The substrate

ve in an amdlc environment.

9. What is g to the induced fit model of enzyme action?
a) En ive site changes shape to bind the substrate.

b) Substrate changes shape to bind to active site.
c) No shape changes occur in active site or substrate.
d) Substrate attaches the enzyme at a site other that active site.
10.What is TRUE about the optimum pH values of the following enzymes of
digestive system?
a) Pepsin works at low pH while trypsin works at high pH
b) Both work at high pH
c) Both work at low pH
d) Pepsin works at high pH while trypsin works at low pH

B. Write short answers. @@@

1. Define metabolism. Differentiat nd anabolism.
Which type of meta @ (0 energy? Give an example.
S

Define an enzym ole in metabolism?
What _ i _
specificity.

ite of enzyme? State its importance in enzyme
Provide an example of a specific enzyme-substrate pair.
What is the effect of substrate concentration on enzyme activity?
Provide two examples of enzymes that operate optimally at specific pH.
What do you mean by optimum temperature and pH?
Which type of enzyme inhibitors inhibit the enzymes without attaching to
the active site?
10. Differentiate between competitive and non-competitive inhibition.

B wn

2 %N m

C. Write answers in detail.

1. Describe the characteristics of enzymes.

2. Describe how temperature extremes can inhibit \gm and lead
A

to enzyme denaturation.
3. How does pH affe ﬁ\@
4. Describe the facto %%;? actw:ty of enzymes.
5. Cumpare ~Key and Induced Fit models of enzyme action.
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Chapter 8
BIOENERGETICS

After studying this chapter, students will be able tu.

Bioenergetics is the study of how living organisms acquire, convert, store, and
utilize energy to fuel their life processes. Organisms obtain energy primarily
from their surroundings. Plants capture sunlight through photosynthesis,
while animals and other organisms consume food. This energy is then
converted into usable chemical energy, stored in molecules like ATP
(adenosine triphosphate). ATP acts as a ready source of energy. Cells can use
ATP whenever they need energy for processes such as growth, movement,

repair, and reproduction.

Oxidation reduction (redox) reactlons are funda tal q@mbehsm of
organisms. In these reaction u 5 t etween molecules. In
oxidation, moleculg) duction, it gains electrons. This
electron flow is 5 e

ratlng energy in the form of ATP during
WA "’
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processes like cellular respiration and photosynthesis. Bioenergetics is the
study of energy transformations in living organisms.

2 \S@
8.1- ATP: THE CELL'S %mwa

Cells use a special ene r their _
reactions. This e &
adenosine tr hate (ATP). When cellst _:___
store energy, they make ATP. When cellsi the main energy-transter molecule

i e ol S A5 —_§
need energy, they break ATP. ATP molecule< i T oo ... h
has three subunits i.e. adenine, (a nitrogen containing base); ribose (a five- .
carbon sugar) and three phosphate groups.

Phosphate groups Adating

Adenosine

WNMD Adenosine monophosphate (AMP) |

Adenosine diphosphate (ADP)

FIGURE 8.1: Molecular structure of ATP

In the molecule of ATP, the covalent bonds between two phosphates are
high-energy bonds. When one of these bonds is broken, inorganic phosphate
(P1) separates and energy is released.

Formation of ATP

‘NNNNW 2 Breakdawn nf ATP
FIGURE B.2: ATP-ADP Cy:le
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The breaking of one phosphate bond releases about 7.3 kcal (7,300 calories)
per mole of ATP.

ATP + H:0 — ADP + P; + energy (7.3 kcatL

In common energy reactions 09{ ‘&merdp\% -energy bcmd breaks.

When this happens, ATPm nosine diphosphate) and one Pi
is released. In so 35t is further broken down to AMP (adenosine

mt::»n«::nl:nhit:mspl?arﬂ\*@F n‘f:! Pi:
ADP + H:0 — AMP + Pi + energy (7.3 kcal/mole)

Cells get energy from the oxidation of food. They store this energy by
combining ADP with Pi to form ATP. So, we can summarize that ATP is made
during energy-releasing processes and is broken down during energy-
consuming processes. In this way ATP transfers energy between metabolic
reactions.

8.2- PHOTOSYNTHESIS N a@@

Autotrophic nrganismso g sgéwe bacteria) use inorganic raw
materials to prepa ic food. The organic food is in the form of
carbohydrate%}ﬁ%ﬁﬁc%rbohydrates are used for getting energy and are also
converted to other molecules like proteins, lipids etc.

Photosynthesis is the synthesis of glucose from carbon dioxide and water in
the presence of sunlight (and chlorophyll), with oxygen as a by-product. It is
the most important metabolic reaction and all life depends on it. A simple
general equatlnn for photosynthesis is as follows;

6C02+ 12 H:0 + photons — CsH120s + 60.=_+6Hz{)
carbon dioxide + water + light energy — glur.nse + n en + water
Mechanism of Photosyntk

T Aromye

Photosynthesis occurs rﬁ*‘é l.e. light reactions and dark reactions.
Light reaction; cm the thylakoid membranes of chloroplasts. Dark
reactions take\p ace in the stroma of the chloroplasts.
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1- Light Reactions o
During light reaction, light energy is used to :_- wieleo id JEINADY:
L=k

make high-energy molecules O[A j A\ Q anzyme. Gne f-arm of ﬂus
NADPH). Follnwmg e tbe : .i-’.
light reactions: 15 called NADP.

nzyme also carries phosphate, lt
. \%W;ﬂ%ﬂéfs yII absorbs BERE T 2R S ) s i e :
of"its electrons become high-energy electrons. These high energy

electrons are released from chlorophyil.

» The high energy electrons are passed to an electron transport chain.
In this chain, when electrons pass from higher to lower energy level,
they release energy which is used to produce ATP.

 Light also breaks water molecule. Oxygen is released while hydrogen
atoms give electrons to chlorophyll and become hydrogen ions.

» The electrons of chlorophyll, after the productmn TP, and the

hydrogen ions of water are sed into NADPH
{Nlcntmarmde Ademn ate — reduced :

U‘”‘"‘

Energy for the
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2- Dark Reactions (Calvin Cycle)

During this phase, carbon dioxide is redu:ed to make details of
dark reactions were discovered by ME Calv mmary of
dark reactions: f‘\ \;

e CO: maleculeso btﬂ‘g carbon cumpounds to form 6-carbon

co
3-ca

-carbon compound is unstable and splits into two
n compounds.

o The 3-carbon compounds are reduced to 3-carbon carbohydrates by
using ATP and hydrogen from NADPH (produced during light
reactions). The 3-carbon carbohydrates are used to make glucose.

e The 3-carbon carbohydrates are also used to regenerate the original 5-
carbon compounds. This step also utilizes ATP.

 epE

- 3 molecules of
5-C compounds 6-C compounds

f |
88888 g8888E

5 molecules of 6 molecules of
3-C compounds ATR 3.C comp0und5

\ NADPH JV Glucose

888888~ s /¢
3 iT:':::IE;raG’:es 7 @‘3 m

i
(\U,\\ %ﬁq L&qm:ﬁ\s%hntmnthesls
i i e
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Role of Chlorophyll in Photosynthesis

The thylakoid membranes of chloroplasts contain plgments rophyll-a is
the main pigment. Others are calle acc L('p and include
chlorophyll-b and carotenmds 'D ( ﬂg\i ;Eg

P'QmEﬂtS absorb sun[ It mtu L 3
ynthes:s Pigmrs are the substances that '

CEE”“'C;' i | i ; ?"";* absorb visible light. Different
about 01 e |g t falling on the lea igments absorb ljghtofd,ﬁerem

surface is absorbed, the rest is reflected erimm {cadnurs} : '
transmitted. The blue and red lights carry out oo .. A
more photosynthesis. Different pigments absorb different wavelengths of
light. Chlorophyll-a absorbs light of blue and red wavelengths. The
wavelengths which are not absorbed by chlorophyll-a are absorbed by
accessory pigments.

When a pigment absorbs light, reactions occur in it and its electrons are
released. The high energy electrons pass through electron trans;mrt chain and

their energy is used for the formation of ATP a @egﬁgﬁb NADP to
NADPH. WO

8.3- CELLULAR @?\&“&

Organisms w@ﬁ%ﬂ%y breaking the C-H bonds of food. For this purpose,
they carry out the oxidation of food inside cells. This oxidation of food is
called cellular respiration. The most common food used by cells to get
energy is glucose.

Aerobic and Anaerobic Respiration =3

1- Aerobic respiration

----------------------

Cellular respiration occurring in the presence of oxygen ¢
is called aerobic respiration. It is the complete! l" o b*c- A
P PIEC | many C-H bonds of
oxidation of glucose with maximum release of energy. ! fmda e Jeft unbroken.
In its first phase, a molecule of glucnse (6 C} is bru ______________
down into two molecules of pyruvic (ﬂﬁejsecand phase, the
molecules of pyruvic a%c{—arg_g éﬂ\ | C-H bonds are broken)
and all energy is releas

?‘ﬁ \]\”\.Jk-' '1#
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2- Anaerobic Respiration (Fermentation)
Cellular respiration that occurs in the absence nf @il anaerobic

respiration. In anaerobic respiration, uﬁ ey oxidized with

less amount of energy wﬁ; (fi & it/ exactly similar to that of
aerobic I'ES]JII‘EtiUﬂ gl;\.ﬁ Ucose is broken down into two molecules

of pyruwr:qq@ Lf.n.ef:u:mt:i phase, pyruvic acid may-be treated in two ways:

A. Alcoholic Fermentation: = saceencecceasansesscssccnsassaneos
During anaerobic respiration in bacteria and' -‘faﬁét aﬂd Eacteﬂa _m _&mam:
yeast etc. pyruvic acid is further brnkent f al Bffﬂs
down into alcohol (CzHsOH) and COa. This (i e adaadass -
type of anaerobic respiration is called} ﬁght e bl
alcoholic fermentation. ~ WeEs

_-.-.-i"—'-.'-- ..

2(CsHs03) — 2(CHsOH) + 2C0z
Pyruvic acid Ethyl Alcohol

B. Lactic Acid Fermentatinn f\, Jﬂﬁ@j@ﬁ@
};\&C WG

During anaerobic re les of humans and other
animals, pyruvic ECi@ mto lactic acid (C:HeO3). This type of
anaerubt% [actsc acid fermentation.

2(C3H403) + 4H —» 2(C3He03)

Pyruvic acid Lactic acid

Importance of Fermentation

The environment of Earth did not have free oxygen (O2) in the early phases of
life. The early organisms respired anaerobically and got energy for their life.
Even today, some organisms including some bacteria and some fungi get
energy from anaerobic respiration and are called anaerobes."When skeletal
muscles of humans work hard (during exercise etc.) but oxygen supply is not

sufficient to fulfil the demand, the skeletal muscles ca 'S ut anaerobic
respiration to get energy. nf? ZAL %@J

Scientists have used M% ?né} bacteria for making useful
products for man RQA%U as the fermentation in bacteria is used for
making q\e@@él\é[ *yagurt Fermentation in yeasts is used in brewing and

125




BIOENERGETICS

baking industries. Similarly, the soy sauce is made through the fermentation
by a fungus.

o\ O
_ | e
Mechanism of Cellular R B@@ﬁj\@
For the study of all ea ﬁ}\é—ﬁ ellular respiration, we will go into the
mechanism ﬁ{@ﬁqyﬂb piration. There are three main steps of aerobic
W,

respiration\/\ 5

1- Glycolysis

In the first step, the glucose (6C) molecule is broken. It results in two
molecules of pyruvic acid (3C), with two ATPs and two NADH. This process is

called glycolysis and it occurs in cytoplasm. Oxygen is not required for
glycolysis. That is why, it also occurs in anaerobic respiration.

2ATP 2 ADP 4 ADP 4 ATP

2 Pyruvic acid
(3-O)

Glucose %\;
{S—WG

FIGURE 8.5: Summary of Glycolysis

2- Krebs Cycle

When oxygen is available, the molecules of pyruvic acid move from cytoplasm
to the matrix of mitochondria. Here, a series of reaction called Krebs cycle
(discovered by a British scientist Sir Hans Krebs) occurs. Before Krebs cycle,

each pyruvic acid is converted into acetyl coenzyme-A, carbon dioxide and
NADH.

In Krebs cycle, the acetyl coenzyme-A is compiej,gfy\ '@%ﬂ\hu carbon

dioxide. It results in the furmationd)f 1B W@éﬁ compounds ie.

NADH and FADH: (Flavin Adeni ﬂ@?gmhl educed).

W@ﬂ.ﬁj\j\k
WV
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Acetyl CoA
(2-C)

CoA

2 CO;
3 NAD

Krebs Cycle

FARI ATP  ADP e
- ﬂﬂ\\!ﬂg\n @(@m
[‘SAG
FIGURE am@ﬁ@%&
O
3- Electron Tra m

o
This ste s\'&é’\ y ! the inner

membranes of mitochondria 3ADP 3ATP O

During it, NADH and FADH:; NADH NAD
change back to NAD and FAD

by releasing electrons and Hz0
hydrogen ions. The released
electrons pass through an 2ADP 2ATP O,

electron transport chain and

release energy. This energy is FADH, ;L%-’ FAD
used to make ATP. At the end H,0

of chain, electrons and

hydrogen ions combine with FIGURE .7: Ele
oxygen and form water.

Q\\ X\f@ U\“&Y =
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Use of Respiratory Energy in Body

various ways:
1. Muscle contractior
2. Active
3. Synthesis of biomolecules
4. Replication of DNA and mitosis
5. Transmission of nerve impulse
6. Maintenance of body temperature
7. Break down and elimination of toxins from the body.

Table: Difference between aerobic and anaerobic respiration
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Table: Difference between photosynthesis and respiration
eristics | Photosynthesis o
pom. mwﬁw‘i\c
t/ w in the Bond energy of food is transformed
o? bond energy into ATP

e | Some bacteria, all algae, All organisms

and all plants
| Chloroplasts In cytoplasm and mitochondria
In green parts only In all cells
mamu In daytime only, in the All the time
o presence of light

Glucose e _j\ ‘\I\ﬁﬁyﬁ:ﬂflorﬁ

Pyruvic acid

Mz * G{EF}

Acetyl CoA

uley?) Jodsuel] uoljalg

AT e e
: \
ol M\k‘r“lkg\t UL %tm:“{é?"‘
FIGURE 8.8: An nuerwe nﬂ\n&}c‘r@g\é? A"?Ps reduced by the aerobic oxidation of
Q P\ﬂ\\] glucose
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Zgo

* In oxidation- reductl edn“x ﬂ@%@‘am transferred between

molecules.
® In nxldatl ' es electrnns,
* In reductla it gains electrons.
» Electron flow (oxidation-reduction) is essential for generating energy.
» ATP is the energy currency of the cells.

» In photosynthesis, water and carbon dioxide combine in the presence of
light and chlorophyll and carbohydrates and oxygen are produced.

» During light reactions of photosynthesis chlorophyll captures sunlight arid
makes ATP.

¢ During dark reactions carbon dioxide is reduced to make gluiﬁf
ose in the

* Anaerobic respiration is the rnco
absence of oxygen while aerigg compiete oxidation of
g i

glucose in the prese

® During QW e is broken down into two molecules of pyruvic
acid. .

* During Krebs cycle, pyruvic acid molecule is cnmpletely-bmken down into
hydrogen ions, high energy electrons and carbon dioxide.

* During electron transport chain, electrons travel on a series of electron |
carriers and emit energy, which is utilized to convert ADP into ATP.
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‘ .

. When gy from ATP, which bonds are broken?

a) P-P bonds b) C-H bonds

¢) C-N bonds ‘ d) C-O bonds
. Light reactions of photosynthesis occur in;

a) Plasma membrane of cell b) Cytoplasm of cell

¢) Stroma of chloroplasts d) Thylakoids of chloroplasts
. Which type of chlorophyll is most common in plants?

a) Chlorophyll a b) Chlorophyll b

¢) Chlorophyll ¢ d) Chlorophyll d

. Which wavelengths of light are absorbed to maximum by chlor Wlls?
a) Green and blue W"
c) Red and blue @ nly green

. When yeast fermg%%@@%pmdum are;

a) Alc b) Alcohol and water
¢) Lactic acid d) COz and H20
. Where do the dark reactions of photosynthesis occur?
a) Stroma of chloroplast b) Thylakoids of chloroplast
¢) Outer membrane d) Cytoplasm

. Which molecule donates electrons in the light-dependent reactions of
photosynthesis?

a) NADPH b) Water

c) Oxygen d) Carbon dioxide
. Which process in aerobic respiration produces the most ATP?

a) Glycolysis b) Krebs cycle

c) Electron transport chain d) Fer

. How many ATP molecules are t “{'ﬁﬁse molecule
during anaerobic res natmn%ﬁ

a) 2 % b) 4

c‘}12 d) 36
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10. What is a common byprodu \m A
a) nygen “ﬁ?@& ter

¢) Lactic acid d) Carbon dioxide
B. Wri vers.

1. Write the importance of oxidation-reduction reactions.

2. What do ATP and ADP mean? What are the roles of these molecules for
the cellular metabolism? -

Write down the word equation for photosynthesis.
Why is chlorophyll important for photosynthesis?
How is oxygen produced during photosynthesis?

o vk W

Which organisms carry out photosynthesis? Which cell organelle is
responsible for the absorption of light for photosynthesis?

7. State the main purpose of cellular respiraticn? m
State the equation (in words or
Write a brief nate the rd| ' C respiration.

10. Define anaerubl iratlon.

M. W W roducts of anaerobic respiration in animals and yeast?

12. H 0 muscles respond to oxygen deficiency during intense exercise?

13. List ways in which respiratory energy is used in the body.

C. Write answers in detail.

1. Explain ATP as a molecule that is the chief energy currency of all cells.
Outline the processes involved in photosynthesis?

. Write a note on the intake of carbon dioxide and water by plants
Explain the types and importance of anaerobic respiration.

2
3
4
5. Outline the mechanism of aerobic respiration.
6
D.

Compare the processes of respiration and photosynthesrs m
Inquisitive questions.

1. How does the structure of m@m d release energy

efficiently?

_@@WJ_____




Chapter 9
PLANT PHYSIOLOGY

After studying this chapter, students will be able to:

* Define mineral nutrition in plants.
* (Categorize minerals nutrients of plants inte macronutrieptsand sicF ﬁ@pnts.

* State that nitrogen is important in rofein \i m for chlorophyll
farmahan ' @

. . ,__. ot and root hair.
: ."MJ [s-take up water and mineral salts by active and passive absorption.
anspiration and relate this process with cell surface and stomatal opening and

closing.

* Describe temperature, wind and humidity as the factors affecting the rate of
transpiration,

* Describe the mechanism of transport of water and salt in plants.

* Explain the mechanism of food translocation by the theory of Pressure Flow Mechanism.

* Describe the process of gaseous exchange in plants

* Describe the mechanisms/adaptations in plants for excretion of wastes.

* Explain osmatic adjustments in plants,

1
]
L]
L}
L]
L]
L]
L
*
]
i
]
L]
L]
]
i
L]
L}
i
i
J
]
]
]
i
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i
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1
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]
)
4
"
]
I
L
L
L]

m.rl:n‘l:mph!c drganis'ms obtain water. 5

sterotrophic organisms obtain their food

from other organisms e.g, most bacteria,
and all protozoans, fungi and animals. :

Plants exhibit remarkable efficiency
in carrying out essential life
processes. This chapter will explure
the world of plant physiolo

will study the n}eekxansamg{
enable plants to noufﬁ;h{: f\?}éhﬁ& g
transport.. !waféhp | cand = nutrients, :
exchange gases with the SN SRS e R
environment, and maintain a stable internal enwronment
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PLANT PHYSIOLOGY

: 2yt
9.1- NUTRITION IN PLANTS,, QX(\@Y 2

Nutrition means the, { ich~food is prepared or obtained and
converted into bo S for growth and energy. Nutrients are the

5!L:l:as’:.'=|m:t=<<J _ by organism for energy, growth, repair, and maintenance.

Mineral Nutrition in Plants

We know that plants get their food from a process called photosynthesis. They
use sunlight to turn carbon dioxide and water into sugar. But for the synthesis
of other biomolecules, they need other materials from soil. Such materials are
called mineral nutrients, These are special chemical elements absorbed from
soil that are essential for the plants to grow. The minerals which are required in
larger quantities are called macronutrients e.g. carbon, hydrogen, oxygen,
phosphorus, potassium, nitrogen, sulphur, calcium, and magnesium. While, the
minerals which are required in lower quantities c’ﬁﬁam

- %?m utrients e.g.
iron, molybdenum, boron, cuppﬁ i\lb jc orine, and nickel.

r, ma
Following table descri?{%mg&} ortant macro and micronutrients in
plants.

RN
Table: Role-6f Mineral Nutrients in Plant Life |
Macronutrients | Role in PlantLife
Hydrogen | Major component of all biomolecules
R Majﬂ]‘ eamnonentnfbtﬂmnimléanecessawfurcellLﬁar
Sl retpration' - 0 S e

-F;_—_:;:: c"mm“tﬂfﬁ]'ﬁﬂutlﬂcacids,and coenzymes, necessary for
| seed germination, photosynthesis etc. -
omponent of proteinschioarAyu debayries

it

T

finbd ¥2 2 structural component of cell walls
:  movement in cells

(RN TR PR D WY ":._‘-f.,“—.-.::-h—;g':l:lm ol i SRR L SYS) . |
| Component of chlorophyll, activates many enzymes |

.-‘I"n___ e =y~

3 i Y.

- == e L L

S s e et

T,

wradnesiurmn sJ
LT C
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* mwﬂ ww : T

Smponent of the enzyme

2 -'x_ : reslmatmn

| Required in a large number of enzymes.
| Involved in osmosis of water

Roles of Nitrogen and Magnesium
Nitrogen is a necessary part of & .

Arthiuc \: I plants trap arnd digest small
: mtrmls. Such plants fulfil their needs of

!ps rtrugenfmlnthepmyanimls
,Increasing seed _______________________________

oduction and improving the quality uf Ieaf Plant roots absurb
nitrogen in the form of nitrates. Nitrogen deficiency slows down the growth of
plant. It also results in insufficient production of chlorophyll and so leaves begin
to turn yellow. It is called chlorosis.

proteins, enzymes a ucle
also a part of chluru

Magnesium is part of the chlorophyll. It ,==-e=cec Assodmteapene asasdansr aiima .

also activates many plant enzymes | Whena plant faces N or Mg deficiency, it -
needed for growth. It also helps in fruit | transports these elements from older to |

ymmgar leaves. So, the yellowmg of |

m leave 3
Er ation an: gsrmmatmn of seeds. : is seen in old leaves first If
ant roots absor IVIEQHES!UI“ in ionic | -dmnbf continues, this w‘ptom '

form (Mg?*). If sufficient amounts of | progresses fﬂtheywngtem‘es
magnesium are not available, plants * FEAIR P e Lt Sk 4

begin to break the chlorophyll in leav Thi of leaves i.e.,
chlorosis. After prulu ed m%ﬂ aves may also drop.
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(2)

(b)

FIGURE 9.1: (a) Chlorosis due to Nitrogen deficiency, (b) Chlorosis due to magnesium
deficiency

Q 2- TRANSPORT IN PLANTS

Transport means the movement of substances such as water, nutrients,

hormones, and waste products within an organism. This movement

for cellular functions, growth, and respon s to euvqpq

Plants get water an rnlner
nutrients (salts) fro

These maten

the aeri c:f ‘the bndy

Similarly, the food prepared by!

leaves is transported to nther'

parts of the body. In all land plants!

(except mosses and liverworts), |

the transport of water, salts and,'
food is carried out by xylem and |
phloem  tissues.  Xylem is:
responsible for the transport uf
water and salts while phloem is:
responsible for the transport nfl
food. Before studying the!
mechanism of transport of water
and salts in plants, let us see haw
plants absorb water an
the soil.

N _|\\I o
.1”&\ F*“W «J

tal

1 2 Iling
Passive Transport: It is the movement of

ions or molecules across cell membrane from
a region of higher concentration to a region
of lower concentration. This movement does
not require energy. Diffusion and osmosis
are examples of passive transport.

Active Transport: It is the movement of ions
or molecules across cell membrane from a
region of lower concentration to a region of
higher concentration, using energy.

Osmosis: It is the movement of water
molecules through a semi-permeable

membrane from a regiun of Inwer solute
i solute

'nm

@ssentlal
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PLANT PHYSIOLOGY

Internal Structure of Root and Uptake of Water and Salts

We know that roots are the organs which absorb ts\from the soil.
The internal structure of a root shows t Wv@ éﬁ.rrafs that help the roots
(0.
to perform this functuu;_:ﬂ,x\ V’ \
. . \H\

Water & salts et
moving through cells o (e (W Z~Cortex | Pericycle Xylem Phioem

End i
Epidermis i

mmrln ih ough
cell walls

FIGURE 9.2: Uptake of water and salts by root

Epidermis and Root Hairs: The outermost covering of the root i.e. epidermis
is a single layer of cells. Many cells of epidermis have tiny hair-like extensions
into the spaces among soil particles. These extensions called root hairs are in
direct contact with soil water. Root hairs have large surface area. The soil water
has a lower concentration of salts as compared to root hairs. Root hairs take in
more salts by active transport. Due to the dlﬁem[?g; @cﬁcentratlcn of

salts in soil and root hair, water moves 10sis. Ive transpnrl:} from soil
to the root hairs. From%ﬂ%@ lth isso

lved salts moves to the
other cells of epld

Cortex: It iéx‘“ zone of cells just inside the epidermis. Water moves from
epidermis to cortex.
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.......

Endodermis: |t is the innermost boundary | %ahae
of cortex that receive water from cortex. : 'm"FBﬂW&F m reaahthe '--'ﬂ'- s
ﬁ}-ﬁwmghthe:eﬂs_ k=

Pericycle: It is a narrow layer of cells ;
present on the inner side of endodermis.

the xylem of root'from where it will be transpnrtﬁd to the xylem of the stem.

9.3- TRANSPIRATION

The loss of water in the form of vapours from plant surface is called
transpiration. This loss may occur through stomata in leaves, through the
cuticle present on leaf epidermis, or through special openings called lenticels
present in the stems of some plants.

Most of the transpiration occurs through stomata and is called stomatal
transpiration. In leaves, water moves f @ e cell walls of
mesophyll cells. From the moist w@{/s; “ water evaporates into
the air spaces of the leaf. urs then move towards the stomata

and then pass W ir.

Xylem

FIGURE 9.3: Events of transpiration
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Stomata open and close because @f af

in the turgor pressure-of thei i Althm:gh h‘an;f;imfian s the lo&s‘ |
sausage-shaped the only | of water from plant but, yet it
epidermal, fi“contain chloroplasts. | ... 5 pull on the W

Their cell wall is thicker on the inside and | coimns in the xylem. st ';a{.
thinner elsewhere. When guard cells become leaves, stem and root. This puil is |
turgid, they become bean-shaped. In this 5"Wlb;e for the' i:mnspmrt nf
condition, the inner sides of cell walls of both ° '-wawrwaaitsfmm mattdlm
guard cells move away from each other. So, == - iiiiii
the stoma between them opens.

Events during daytime: Ti_'{e guard cells take in potassium ions from the
surrounding cells by active transport. As a result, the solute concentration of

guard cells increases as compared to the other cells of e is. So, water
moves from epidermal cells to guard cells b L@é@n{ells become
turgid and their inner sides rn r In this way, the stoma
between them open ntratmn remains high in guard cells

because they thesns and prepare glucose in them. So, water
stays in th‘éﬁ}i hey remain turgid.

Guard cells Epiden'nal cells

/\

Closed stoma
FIGURE 9.4: Opening and closing of stoma
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Events during evening:At evening, the glucose concentration falls in guard

cells and potassium ions also move back to epidermal cells. As a result, water

moves out from guard cells and they lose turgnr\ltb,etg n@@@es touch each
! o

o Ay g AL L=
¥ T iy T -";w
= o ,“4"!"‘ o
s - A
‘ N v * £

ed by several factors. For example:

Transpiratiof

* Temperature: Increase in temperature results in an increase in the rate
of transpiration. It is due to the fact that at higher temperature, water
evaporates more quickly.

*  Wind: Wind speeds up transpiration by carrying away humid air
surrounding the leaves, allowing for more water to evaporate.

*  Humidity: The higher is humidity (the percentage of water vapour in the
atmosphere); the lower is the rate of transpiration.

* Surface area and distribution of stama;%q(,].ea @ﬁ) more surface
es

area transpire more than the leay In most plants
the number of stoma m rface is greater than on the
upper surfa::e ate of transpiration from the lower surface

is g M the upper surface.
9.4- TRANSPORT OF WATER IN PLANTS

Roots cannot push the absorbed water to the leaves of the plant. Instead, the
leaves apply a pulling force on water present in roots. The pulling force in leaves
is created by the transpiration of water from their surfaces. Therefore, it is called
transpirational pulil.

When mesophyll cells of leaf lose water, more water enters in them from xylem
vessels. Inside xylem vessels, there is a continuous water column. This water
column extends from leaves to stem and to the rﬂots The continuous water
column is created due to three reasons: (i) the for @n among water

molecules, (ii) the narrow dlam(etetp \(e\r iii) the force by which
water molecules are E em vessels.

When one w f\f ]&; \‘hoves up by the xylem of the leaf, it produces a
tension on\ \entire water column in the xylem of leaves, stem and root. As a
result, the entire water column is pulled upwards.
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%\ vals

quns 9.5: Transport of water in plants

9.5- TRANSLOCATION OF FOOD IN PLANTS

through phloem tissue. Fﬂr'
transportation in most plants, glucose is-:
converted into sucrose. The mechamsm- “SUPPLY)-ANC GerIag .‘ N MIRIOLILES:
of the transport of food in plants is called prhy m*__ﬂm Ay
pressure flow mechanism. Acc : ‘- mechamsm dissolved

food flows from a sou urces include photosynthetic tissues
(e.g. mesophyll o orage tnssues (e.g. roots). Sinks include the sites
of food utiliza .g. gruwmg tips of roots and stems) and the storage tissues.

141
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PLANT PHYSIOLOGY

At the source site, food (sucrose)
enters the sieve tubes of phloem
by active transport. Companiofi\ il
cells of phloem pmw ',
for this active ﬁr 5t % De |
higher so oncentration in
sieve tubes than the nearby
xylem tissue, water flows into
sieve tubes by osmosis. In this
way, the fluid pressure in sieve
tubes increases and the solution
of food flows towards the sink.

At the sink, sucrose is actively |
unloaded from sieve tubes into
the sink tissues. Water also |
moves by osmosis from sieve | I
tubes into the xylem. It reduces) (AR
fluid pressure in sieve %%ﬁ@&g PRSI
to higher Wg the

source tha ink, food flows FIGURE 9.6: Transport of food

in bulk towards the sink.

9.6- GASEOUS EXCHANGE IN PLANTS

During the daytime, all plant cells are carrying out cellular respiration while their
green parts are carrying out photasynthesis.

» In photosynthesis, they use carbon dioxide and release oxygen. They
take carbon dioxide which they produce in respiration. They also take
carbon dioxide from the environment.

* |n respiration, they use oxygen produced durin ph@rﬁ@thesis. They
release carbon dioxide to th% enyviro é@

So, during daytime leaves are relaagin ‘h\.{ ;
the environment. Duri I ali'cetls are carrying out respiration while there

is no photw ,"the plant is taking in oxygen from environment and
releasing carbon dioxide.
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Process of Gaseous Exc a e Q;SAD
In plants, the gaseg ody and the environment occurs

through the su rn'ns of root, stem and leaves allows the
een the inner cells and environment. At some parts a
e is present over epidermis. It also allows the exchange of gases.

In leaves and young stems, the air moves in and out through the stomata
present in epidermis. Inside body, gaseous exchange occurs between cells and
air.

Cuticle

FIGURE 9.7: (a)- Gaseous exchange in plant; (b) Gaseous exchange in a leaf

In woody stems, the entire
surface is covered by bark
Gaseous exchange cannot
occur through bark. The bark|
contains special pores called
lenticels, which allow the|
gaseous exchange with the
environment.

Lenticel

FIGURE 9.8: Lenticels in a bark
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9.7 MECHANISMS FOR EXCRETION IN PLANTS

a- Excretion of Extra Carbon dioxide and= Oxyg%m

T r'i:';\" |I" . k.l"— o
During the day, plants use therﬁaft};o,@:t‘ﬁ?ﬁ& Hd&’cﬁﬁ“’ih’gellu’iar respiration
for photosynthesis. Hg““{augﬁ‘ ﬂdﬁ%ﬁg Be‘r‘r';ih osynthesis is not occurring,

carbon dioxide Wm 5\a\Waste product. Plants release this excess carbon
dioxide thf@ﬁﬁﬁ\ ir general surfaces and stomata.

Similarly, the oxygen produceﬁ during photosynthesis is used for cellular
respiration during the day. Excess of oxygen is released into the atmosphere
through the stomata.

b- Excretion of Extra Water

Plants store large amounts of water in the vacuoles of their cells. It results in
turgor, which provides support to the soft parts of the body. If plants have extra
water, they remove it in two ways.

1. Transpiration: During the day,, plants. %@@@%ma water by
transpiration. You know thgﬂl’@e‘ ,f"{ff A ‘types of transpiration: stomatal
transpiration, cuticul %ﬁﬁﬂpﬁlﬁ \-and lenticular transpiration.
NN\
,\{J\l ‘J |-,_|-~- — '
G THLELEL




2. Guttation: At night, when stomata are
closed, many plants store excess water in their- Gm"'ﬁem"t Jrongiew,
xylem tissue. This water is removed uring ftlirgy rn

\'a MY -
day. Some plants, such aswgzg K\,H\@ formed by the condensation of

specialized mecha tion to

remove exces Wi night. Guttation i vapom Prese"t Il
involves f@?&éase of water droplets through small pures located at the tips
or edges of leaves. This process helps to regulate the plant's water content.

FIGURE 9.10: Guttation in different leaves

c-Excretion of other Metabolic Wastes

Plants adopt different methods to remove other metabolic wastes from their
bodies. Some plants can store wastes in the form of harmless crystals. Some
plants keep their wastes in their leaves. When their Ieaves faJJr plant body also
gets rid of these wastes. Some plants excrete theu' e@ ﬁﬂm}ﬁ:jh special pores
by applying force. For example, rgfg p{qlz\ta ¢k§ €5 latexes, Acacia (keekar)
tree excretes gums, cg mfg;qg%"*{mﬁ%s efr:rete resins, and ladyfinger excretes
mucilage.

"T'.'.\
: - A
|r|.1r~‘“
NN
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Latex from Rubber plant Gum from Keeker tree  Resins from coniferous tree

FIGURE®.11: Excretion in Plants

9.8- OSMOTIC ADJUSTMENTS IN PLANTS

On the basis of habitats, there are four types of plants.

1. Mesophytes are the terrestrial plants which are adapted to survive in
moderate environment that are neither too dry nor too They have
well-developed root system that efficiently abs' Waf f(ﬁ chie on their
surfaces minimizes water los : ﬁkﬁh&d periods. Moreover, they
keep their stomata ﬁéﬁ nsplratlon Examples of mesophytes

include mal%g er and rose.
\J -

2 Hydrupmes Iwe in freshwater (ponds, and lakes etc} or in wet soil. In
these plants, the absorption of water occurs through the whole surface.
They use different ways to remove extra water from their bodies. For
example, many hydrophytes have broad leaves which float on the
surface of water. These leaves have large number of stomata on their
upper surfaces. Water moves out through these stomata. The most
common example of such plants is water lily.

3. Xerophytes live in extremely dry environments (deserts). They have
deep roots to absorb water from almost dry soil. Their body surface has
very few stomata. It is also covered W|th thick- waﬁy cultt‘clé%&reduce the
loss of water. Some xerophytesfh g, (Facf( (S}ngufa?’ Cacfus] store water
in their specialized sgiémgasﬁﬁotﬁgﬁeh’”’tems or roots are soft and juicy
and are called Fq; ans

4. Halnphy‘fés ]fve in habitats with salty waters (e.g. sea or salty marshes).
Water tries to move out from their hypotonic bodies into the hypertonic
environment Such plants absorb salts from outside and make their

146




bodies hypertonic. In this way, water does not move out of cells. The
excess salt can be stored in cells or excreted out from salt glands on
leaves. Many sea grasses are included in this group.

(1)- Closed stomach in the |eaf of (2)- Broad leaves of
tomato (a mesophyte) waterlily (2 hydrophyte)

—

{3}~ Succulent stem of (4} Salt crystals on the leaf of
Cactus (a xerophyta) a sea plant (a halophyle)

FIGURE 9.12: Osmotic adjustments in Plants
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____ ,-—-L gl

- | 1C Hl )
Q) ol
Nutrition means the) C \W\érﬂg are ebtamed or prepared
and cenverted into es fer growth and energy.
en for protein synthesis and Magnesium for chlorophyll

Roots have tiny root hairs, which are actually the extensions of epidermal
cells of roots.

Roots absorb water from the soil through root hairs using 0smosis, moving
water into the plant's vascular system.

Transpiration is the loss of water from plant surface through evaporation.

Water moves up the plant through xylem vessels, reaching leaves and other
parts. This process is driven by transpiration pull.

Water molecules stick together (co Siﬂﬂiﬂh eﬁhe@@l xylem vessels
(adhesion) It allows them te'f@f as P@Aﬂ }eiﬁ“mn from roots to leaves.

L_,J".

As water trensplreﬁ&& ﬁﬂeeve it generates a pull in the xylem, drawing
water roots.

Trenspert ef feed occurs from the areas of supply (sources) to the areas of
metabolism or storage (sinks).

In leaves, sugar molecules are actively loaded into phloem sieve tubes.

The high concentration of sugars in phloem draws water from xylem into
the phloem by osmosis. It increases pressure at the source (leaves).

At the sink, sugars are water move out of phloem. It reduces fluid pressure
in sieve tubes. So, food flows in bulk from source towards the sink.

At the sink, sugars are removed from the phloem. It reduces pressure and
allows water to return to the xylem.

| ‘nu :
Stomata in leaves regulate wgtertleﬁq \#a’e nge, balancing the

needs of the plar@r ‘~ \7 \ 4

'\|‘_'\-..F-_

On the b.e:sl4 {eveﬂabﬂrty of water), there are four types of plants

e, hydrephytes, xerophytes, and halophytes.

*
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A. Select the correct ang

1

M~

. Which of the fal
a) Iron \,’“\JT\\D}W

..PLANT PHYSIOLOGY

EXERCISE

@0

f@\@w

mlaﬁlents is required in Iarge amount?
b) Zinc

c) Potassiurn d) Boron

. Which element is required by plants for the formation of chlorophyll?

b) Calcium
d) Sulphur

a) Phosphorus
c) Magnesium

. The primary function of root hairs Is:

b) Storage of food
d) Synthesis of proteins

a) Transport of nutrients
¢) Increase surface area for absorption

. Root hairs absorb salts from soil by;

a) Diffusion b} Osmosis

¢) Active transport i C) g@
Water moves from the soil intgro j’

a) Osmosis k E‘é} e transport
¢) Diffusion d) Bulk flow

The transgnat u dttﬂ{j by;

a) Mesop b) Guard cells

c) Xylem d) Phloem

Under which condition, there will be high rate of transpiration?

a) High humidity
¢) Wind

b) Low light intensity
d) Waterlogged soil

8. Which ion plays a role in the opening of stomata?

a) Sodium (Na")
¢) Calcium (Ca®)

b) Potassium (K")
d) Magnesium (Mg*")

9. In most plants the fodd is transported in the form of.

a) Glucose

10.What is TRUE according to the pressure flow m
a) Water enters the source,

b) Water is pulled frogﬂpe

b) Sucrose

creatin Tﬁ/@%\f ransport?
ARSI

c) Starch d) Maltnse

is due to gravity

c) Movement of ﬁ
d) Soiute{miﬁ{& ow to high concentration
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11. Succulent organs are present in:

(=S o L e

N W

L

g ©ENov s

1.

#

a) Xerophytes w?ﬂ A { i
¢) Mesophytes \\ (5\{\3 E@L ophytes
. Write short answers. K\ E\E\ 0
Define m:r@ﬁlﬂﬁmmﬁbn in plants.
Define macronutrients and micronutrients and give examples.
State the roles of nitrogen and magnesium in plants.
Define transpiration and its types.
How is the transpirational pull important in plants?
Transpiration is the loss of water from plants. Is it a harmful phenomenon?
If no, what is its importance?
Differentiate between:
i. Xylem and phloem
ii. Transpiration and guttation R

iii. Hydrophytes and haluphytes x "? @.QU
iv. Hydrophytes and xeroph r\ @A\\
V. Lenttcuiartranspl maﬁltranaplratmn

How do tb\fg\mm “ger and keekar excrete their wastes?

: NN
. Write answers in detail.

Describe the events involved in the opening and closing of stomata.
Explain the internal structure of root and describe the uptake of salt and
water by root.

Describe temperature, wind and humidity as the factors affecting the rate
of transpiration.

Describe the mechanism of transport of water and salt in plants.

Explain the mechanism of food translocation by Pressure Flow Mechanism.
How do the plants excrete extra water and salts from their bnd:es?
Describe the process of gaseous exchange in ,Rl]a c© (o

Describe the mechamsms}adT cretmn of wastes.
. Explain osmotic a @ ytes xernphytes and halophytes.
lnqu:srtlw

Why do plants transpire more on a windy day compared to a humid one?
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Chapter 10
REPRODUCTION IN PLANTS

After studying this chapter, students will be able to:

. Descibe difierent types of asexual reproduction fe. binary fision, budding, spore
formation and vegetatve propagation. e

. Beisinvegeate propagation s OUBH SRSy S emves.
: o gaton (stem cutings and

You knn\ny‘ hat reproduction is the process in which organism produce new
organisms of their own kind. There are two main kinds of reproduction. The
reproduction that does not involve the fusion of gametes is called asexual
reproduction. The offspring produced by asexual reproduction are genetically
identical to the parents. On the other hand, the reproduction that involves the
fusion of male and female gametes is called sexual reproduction. In sexual
reproduction, the offspring have variations among themselves and with the
parents.

This chapter explores the methods of reproduction in plants, both asexual and
sexual reproduction. We will study the vegetative and artificial propagation
methods. Artificial propagation techniques like stem _gg_ttiqgl%mrafting will
also be discussed. - J/ M

Sk S (WAEr
10.1- Types or gl REfoICTON

.-/.-' 1

III LA c . % .
Some common met Hs_g\a\f\-a{éxuai reproduction in different organisms are
. RN j‘Ql Fm iy P
given ng“ﬁ[“‘i -'3.’__[ N
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. . - ‘.,JI
1. Binary Fission "'\‘ﬂ \%ﬁf@ \EU
Binary fission means dwlsmn in i\a e od of reproduction
in bacteria. During bin FDNA repllcates and the daughter
DNA molecules mo ides. Then, the cell membrane pinches in.
New cells @ SN ésized in the middle and so two identical daughter cells
r

bacteria are produced.
1. Parent 2. DNA repllcates 3. Cell membrane 4 Daughter Bacteria
Bacterium pinches in

FIGURE 10.1: Binary fission in bacteria

---------------------------

Many protists (unicellular eukaryotes e.q. T
Amoeba, Euglena etc.) also reproduce by blnary Some a"'le Planarians
fission. In protists, the nucleus of parent '
divides into two. This is followed by thé d

cytoplasm. So, two daughte

1. Parent Amoeba 2. Nucleus divides 3. Cytoplasm divides 4. Daughter Amoebae

FIGURE 10.2: Binary fission in Amoeba

2. Budding

This method is very common in yeast (a unicellular =~ oo

fungus). During budding, a part of the parent Some animalseg. h;‘:”"" a'?_“_'.
organism grows out from its body. This part is: ;Z’::‘;ce T byg

called a bud. When the bud has grown big, it may - e @MUY :
separate from parent body or may rerﬂjaipjaitid‘g \\J /,J S

QE\E\\V

AR J;
g “\f‘w‘-F‘T
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A bud forms Bud grows
and new buds ferm

FIGURE 10.3: Budding in Yeast
3. Spore Formation

Spores are thick-walled asexual
reproductive cells. Most fungi (e.g.
Rhizopus: bread mold) produce
spores in special sac-like structures
called sporangia (Singular:
sporangium). When spores are
mature, the speranglum bursts and |0
spores are released. Q l

Spores can tol

conditions due \Fi'eir thmck walls. FIGURE 10.4: Asexual reproduction by
When favourable conditions are spores (in Rhizopus)
available, the spores germinate to

produce new fungus.

-----------------------------

Some bacteria reproduce by forming ¢ e i eﬁy ed;
prop sterilized canned:
endospores (spores produced inside the cell). | o S Siiosporesof.

They form endospores in unfavourable 'baeterta VB endospores
environmental conditions. Even if the original ! | germinate, new ‘bacteria make:,
cell dies, the endospore survives. When [toxins. ;

-onditions improve, the endospore grews into r, % ,em -
2 new bacterium. f\ 1 < xﬁﬂ” \\“ \\) J' (&~

4: Vegetative Prop bf)‘ "i‘ 5
9 B r\ﬂ%!

is a methed!ﬂef\asexual reproduction in plants. In this method, new plant is
:nreduced from the vegetative part (root, stem or leaf) of the parent plant.
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Vegetative propagation takes much Ie55 time to 43 ce E}),\Lg:%neratlun as
compared to the sexual met dc:;S g are genetically
identical to the parentda \érdtm may be natural or artificial.

° Natural agattun is a process where plants reprnduce on

the us;ng structures like stems, roots, or leaves.

e Artificial vegetative propagation means the processes in which humans
use the vegetative parts of plants for their reproduction by methods like
cuttings, grafting, or layering.

In the natural vegetative propagation, plants use the following vegetative parts
for producmg new plant

s :!# . } i WO ?':._":.-:_'.""-PE.__: 4{&-..125;.-‘- = _;“-r -1..14—' =i Sy It-r =
R e NN, f%f “f%’“[-ﬂp __.L_E__tg“rv.iﬁ- 35 h?ﬁ YEaA ___Jj:bﬂ-.ﬂ*qf-‘"". .
The fullowmg types Df stems take part in vegetative propagation in plants:

1. Stolon (runner): Itisa |
horizontal stem that grows _
above the ground. A stolon \‘ -

New plant
has nodes where 2 o

leaves and ro mg\
leaves gﬁ&%s and

roots grow down. In this
way, a new plant is formed
at the node. Strawberry
reproduces by using its

stolon. FIGURE 10.5: Vegetative propagation in strawberry
(through runner)

2. Tuber: It is fleshy stem
that grows underground. It has “eyes” which are actually its buds. Eyes can grow
into new plants. Potatoes reproduce by tubers.

3. Rhizome: It is a horizontal stem that grows belnw the grou . It has nodes
where new leaves and roots grow. In this way. ?ﬂgévs from each

node. Ferns, ginger, and sugaﬁ [Jﬁe\r@fa g\; ﬁhﬁg thizome.
4 ”\\ \ ﬂ HLT\\E’U h:
,.\WT&\[\J’ J
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& N
) 'ﬂ%{@ 0
\@1@"\3\' plant )

R

—— Tuber Rhizome

FIGURE 10.6: Vegetative propagation in FIGURE 10.7: Vegetative propagation in
potato (through tuber) ginger (through rhizome)

4. Bulb: It is a very short stem that grows underground. It has bud and fleshy
leaves. Bulbs grows naturally to produce new plants. Tulips, onions and lilies

reproduce by bulbs.
A g@m
m@ ves. Almost all of a
un

5. Corm: It resembles the bulb butdo
' ional leaves on the outside.

corm consists of stemy;,
Dasheen and garlic fe
NN

L
/o

Brown
Fleshy leaves
leaves
Corm

Bud Bulb

FIGURE 10.8: Vegetative propagation in FIGURE 10.9: Vegetative propagation in
onion (through bulb) ot ﬂ@@“ﬁrm}

= TR

e G A e T4 i, o)
Suckers are new s 3@ s the ge from the base of t

its undergrofifid ¥oots. These shoots grow into new plants while still attached
to the parent. When suckers develop their own root system, they become

independent. Examples are banana and raspberry plants.
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(b)- Modified Leaves 2\ O
The leaves of some plants (e.g. B&o@yxﬁ} are-todified for vegetative

Propagation. Such leaves hg@\@;@z’é}\:‘h\eiﬁi argins. When leaf falls on ground,
TP

P | e AR A A
the buds grow into W}&Mmﬁﬂ' N
q\i !| ,JUH‘ B —] — _I

Modified leaf
/

" _—Parent tree

Bud

— |I : -
LAGI 50 ot

A "Jr\ﬂ_‘}o‘f
10.2- A CIAL PROPAGATION

cutting, grafting, or tissue culture. Artificial Propagation is used to cultivate
plants with desirable characteristics or to increase crop production. The
following two are the Most common methods of artificial propagation.

1. Cutting

In some plants, a piece of stem or a piece of root can form a news lant. Such a
piece of stem or root that are cut from a plant and s’%ﬁ\t}@ new plant is
called cutting. Cuttings are widel used 93@ ate houseplants, ornamental
trees and shrubs, and some fruit K;E_ ';h and grapevines are grown from
stem cuttings. Sweet p&f Fi\é\ﬁﬂsﬁ@n rom root cuttings.

__:'J"'I Y Il'lll'

A
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New plant

Point of

Parent plant
FIGURE 10.12: Using Cuttings for vegetative propagation

2. Grafting

Grafting is the joining of two or more plant parts of the same type to form a
single plant. In grafting, a bud or small stem of one plant is attached to the
roots or stems of a second plant. Grafting enables to combine the beneficial
characteristics of two plants. This method is used to propagate almost all
commercial fruit trees and (e.g. aIn:mnd, pl}mji chﬁ%ﬁs Sﬁ@ﬁﬁhny ornamental

P

R
trees and shrubs.

Parent plant

New plant

FIGURE 10.13: Grafting

Advantages and Disadvantages of \fgg?@ﬁ\fpmagatinn

o Taora NGl |
Advantages: Vegetative prgpqgél)\o’@ léuq.q_i ﬂﬁroduce many new plants in a
short time. The new pﬁlg}rﬁs\\?ﬁe}@xﬁh ke the parent plant, so they all have the
same good ¢ hﬁrﬁ}éri‘sfr&j his means useful qualities, like good fruit or strong
growth, are passed on to the next generation.
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Disadvantage: Plants produced through vegetative prupagatmn do not have

genetic differences. In other words, all the offsprmg nt@%o it, they
are equally sensitive to enwrunment ch in e same diseases
or pests. \ Uf’ KJ»\K _/.

10.3- SEXUAL E}@ N IN PLANTS

The major| s of plants have two type generations during sexual

reproduction which come one after the other. These are sporophyte generation
and gametophyte generation. The sporophyte generation produces spores
which grow and make the new gametophyte generation. The gametophyte
generation produces gametes which unite and make the new sporophyte
generation. This phenomenon is called alternation of generations.

The sporophyte generation is diploid (2n) and produces haploid (1n) spores by
meiosis. The spores develop into haploid gametophyte generation. The
gametophyte produces haploid gametes by mitosis. The haploid gametes fuse
to form diploid zygote, which develops into the next sporophyte sﬁtﬁﬂe.

W@ €©

Meiosis

FIGURE 10.14: Alternation of generat!ons in plants
= \ @@%\E\J
Life Cycle of Angiosperms (Flow ?8\ AL

In angiosperms, ﬂuwer@%i jkfgr}.exual reproduction.
J\B!

_,--
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Parts of a Flower

The receptacle is the swollen tip Df a f{[pw s't&\ﬁ\lsgf e@\;\* parts (are

attached. It serves as the base th s structure.
Floral parts are in th rﬁmm@mg four concentric whorls, or rings:

(o Calyx'\\jj e outermost whorl. It is made of green |eaf-like sepals.
Sepals protect the inner parts of a developing flower before it opens.

> Corolla: It is the second whorl and made of petals. Most flowers have
coloured petals.

3. Androecium: It is the third whorl and is made of male reproductive
structures called stamens. Each stamen consists of an anther and a
filament. Anther contains pollen sacs (microsporangia), which produce
microspores. The stalk-like filament supports the anther.

4. Gynoecium: It is the innermost whorl made nf the female reproductive
structures called carpels. A ca rpel cunststs

i. The enlarged base of :-.__
is the part w ced Ovules ;
prod unng reproduction. ¢

i, TMtalk like part attached to ovary is called
style.
iii. The tip of style is called stigma.

Carpel

/

Ly L] L]

Ovary Stigma Style

Filament

Anther
Stamen

FIGURE 10.15: Parts of a flower
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Stages of the Life Cycle
a y . ﬁ:}} ﬂqu

An angiosperm plant represents thenﬁﬁq:ﬁﬁgé . When a flower
matures, it produces SEEES te and make female and male

gametophytes The La}e small structures consisting of few cells
only. They ”s‘ whlch combine to form zygote that develops into

new spcr‘@b
Following are the main stages in the life cycle of an angiosperm.
1- Development of Female Gametophyte (Embryo Sac)

The ovule acts as megasporangium. It contains a diploid megaspore mother
cell which undergoes meiosis and produces four haploid megaspores. Only
one megaspore remains alive. Inside megaspore, eight haploid nuclei are
formed by mitosis. Two nuclei migrate to the center and fuse to form a fusion
nucleus. One nucleus out of the remaining six forms the female gamete i.e,

egg cell. Cl
7 Mitosis
= o (3 times)
Megaspore
- @
Fusion ‘
nucleus

-

Embryo sac
(female gametophyte)

Megasporangium
24 {ﬂuule}
i\
"-I'k.- "11 60\9 J
g "r." o ll ( (j
FIGURE 10.16; Develup (I‘e \)g\ah;eiophﬁe (embryo sac)

QLI
The resulting struc{E EéY ‘Hu:h%‘ ntains seven cells (one egg cell, one fusion
nucleus, a«prﬁ'ﬂp@ oA-functional cells), is the female gametophyte or embryo
sac. J
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2- Development of Male Gametophyte (Pollen Grain)

contains many diploid mlcruspn LJ Puspore mother cell
undergoes meiosis an cl ml rospores A microspore
undergoes mntom o- ceiled structure is a pollen grain, which is
the male gam\?‘t E)ne cell in pollen grain is the tube cell, which will form
the pollen tube. The other cell is the generative cell which will form two
Sperms.

The pollen sacs present in anther act as mlcr a{y; r&mlien sac

Microspores (1n)
Meiosis o 6
(R

- Microspore
mother cell
(2n)

Mitosis
Tube cell

Generative

— |
%h\ﬂ& &

llen grain)

WY |

FIGURE 10.17: Development of male gametophyte (pollen grain)

3- Pollination

the sperms can fertilize the egg. It is ! m-m oz
called pollination i.e. the transfer uf e ﬁ N
pollen grains from an anther to a { =

stigma. ‘\ f. N

4- Fertilization gi; S M’X |

When pollen, wﬁ \txgrna its tube cell forms a pollen tube. This tube
grows thru he stigma and style towards the ovary. The pollen tube reaches
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the ovule and enters in it through the micropyle. The ,genera i Il of pollen

grain forms two sperms, which enter the-em gg.
@a\( te. The zygote eventually

@)
develops into an embmyo! d sperm fuses with the fusion nucleus,
producing fucleus. This nucleus then develops into tissue called
endosperm: The endosperm provides nourishment for the embryo. This
process of the fusion of two sperms (one with the egg and the other with the
fusion nucleus) is called double fertilization. It is a unique characteristic of
angiosperms.

One sperm fuses with tB -

Pollen grain
{male gametophyte)

\\Paliina‘tinn

Anther

[ Meiosis @ (" RN

Microspores

f \‘ W) P . = 2 \ Fusion i
LN ) Il w= nucleus SIS
__ Embriosac
(female gametophyte) (NY
Micropyle §
g | Sperms
Ovule < Sl Egg 7
Endosperm /
Endosperm Pollen
nucleus (3n) vihe
Embryo I
- 3 ° Zygote
Seed {2n)

FIGURE 10.18: Life cycle of a flo \ = r(f_’_\Qm\
CALES
5-Seed and Fruit Furrg ' E : 7 (Q @ \3 !

After fertilization, th ps s into embryo and the triploid nucleus
develops .W tissue. After these developments, the ovule is said to
be maturedand is now called seed. The ovary changes into fruit.
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: In some-glants, Elﬂp into |
Nira ;
fertilization of egg in |

6- Development of Sporophytes
When seeds mallure, they are dlSpEﬁEd" 4{

seeds get suitable ”d/tlé'ﬁs \ ~th9m_ ule. 5o, t.here is no seed in fruit. This
embryos develop ”"t \E @' pthhts '(the " process is known as parthenocarpy. It
SPDFDPh)’tE'-’-f]* \m héxt gerieration). * results in seedless fruits e.g, bananas |

. and seedless varieties of grapes.

« Binary fission is the division.in which the parent cell simply divides into two
daughter cells, each genetically identical to the parent.

* In budding, the offspring develops from a small outgrowth or "bud" on the

parent organism.
» Vegetative propagation is a method of plant repr 106@@@#11%' plants
are produced from vegetative stru Eﬁ_ 5 or leaves.

¢ Cloning is the tech
of tissue take

\ ntical offsprings from small pieces
s or other suitable parts of the plant.

, g
e Plants RéVettwo different generations. The diploid generation produces
spores and is called sporophyte generation, while haploid generation
produces gametes and is called gametophyte generation.
» The microspore undergoes mitosis and produces two haploid cells ie, a

tube cell which form pollen tube and a generative cell which divides to
produce two sperms.

* A germinated microspore has a tube nucleus and two sperms is male
‘gametophyte generation of plant.

» Owule contains one megaspore mother cell which undergoes meiosis and
produces four haploid megaspores. In one ovule, o nly megaspore

remains functional. Here it germm s int etcrphyte,
called embryo sac. @ﬁ.i \_ﬂ\_\

Embryu sac cnn ere is one egg and two other cel!s at
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A. Select the correct answers for the fnllowin ions () !

1. Which of the following organ ﬂ: Ee‘)by binary fission?
a) Yeast ® QN ] acteria
¢) Rhizopus N Rm d) Plants

2. Whatis t%@% method of reproduction in yeast?
a) Binary fission b) Spore formation
¢) Budding d) Fragmentation
3. Which of the following statements is true about spore formation in fungi?
a) They produce spores during sexual reproduction
b) They produce two kinds of spores
¢) Spores can only grow into new fungi in dry environments
d) Spores are produced to withstand harsh conditions
4. What happens in some bacteria during harsh conditions?
a) Creation of a bud that detaches from the cell

b) Formation of thick-walled endospores (\ﬂ@ @O@

¢) Splitting the cell mto twcr e
d) Fusion of two ba
5. Which o n example of vegetative propagation through

W
runners

a) Potato. b) Strawberry
c) Onion d) Ginger
6. Which plant propagates through tubers?
a) Onion b) Potato
c) Ginger d) Garlic
7. The horizontal aboveground stem, which produces leaves and roots at Its
nodes;
a) Stolon b) Bulb
¢) Rhizome d) Corm
8. Which of these does NOT help a piant for ve hcm?
a) Rhizome f\g
¢) Runner 1"\ lower
9. Which part oft onsnbte for producmg pollen?
a) Stlg b) Anther
c) Ovary d) Petal
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10. Which of the following is NOT a part of carpel?
a) Filament b) Styie
c) Stigma

11. Which structure fﬂrms the %@QE\ ﬁﬁm‘ owering plants?

a) Pollen gram b) Ovule

c) Anther d) Sepal
12.The tophyte in flnwenng plants is known as:

a) Pollen grain b) Embryo sac
c) Ovary d) Carpel
13.In the life cycle of flowering plants, which structure is triploid (3n)?
a) Egg b) Fusion nucleus
c) Endosperm nucleus d) Sperm
14. Embryo sac is formed inside;
a) Filament b) Anther
c) Style d) Ovule

15. Double fertilization involves;
a) Fertilization of the egg by two male gametes _ . &
b) Fertilization of two eggs in tlbe s {'/&p sperms
¢) Fertilization of the egg a us by two sperms
d) Fertilization of e cell by two sperms

Write ort note on budding in yeast.

Write a short note on spore formation in fungi.

What are the advantages of spore formation in fungi and bacteria?
Describe how vegetative propagation occurs through runners.

State how potatoes reproduce through tubers.

Describe the advantages and disadvantages of vegetative propagation.
Name the four whorls present in a flower any 5155 tell the components of
each whorl.

Briefly describe the formation of egg cell and polar nuclei within embryo

sac of a flower.
fm

SN ownm s wNn = @@

oo

9. Differentiate between: Q
i. Asexual and sexual reproductiu_ml_ mﬁﬁ@.j@@)

ii. Binary fission m I:&acten rpq(Jd
0. Q\ RN

nf‘\
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!
-

—

iii. Stolon and rhizome (: T

v. Bulb and corm T{\(\N 'fﬂ H"
v. Cutting and gra nw\\f
egetatwe ro f@ﬁ ,:HE} [ﬂtla} propagation

ametophytﬁ-s
*-f:ii and cnrolia "
¥ Stamen and carpel

Vi,

10. Label the given diagram of flower.

C

Wy

Write answers in detail.

O 2
. Explain the process of bina '\ d describe how it leads to
the formation of

What do vegetatwe prcpagatmn? Differentiate among
dlﬁew t structures modified for vegetative propagation.

Describe the ways by which humans can grow new plants by using the
vegetative parts of the parent plants? :

Define sporophyte and gametophyte. State their roles in the life cycle of
plants.

Explain the lifecycle of flowering plants, focusing on the alternation between
the gametophyte and sporophyte generations.

Describe how the female gametophyte (embryo sac) deyelops within the
ovule of a flower.

D. Inquisitive questions.

r—

P

'\..U

. Why are spores considered an adaptation for survival n harsh environmental

conditions? Ei\ g&g}ﬁm
How do asexual and 5exu pﬁo@\@@% e-differently to genetic

diversity of plant pg %
. How does th bé ifate the process of fertilizagon in flowering

piantg\\l? \1
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Chater 11
BIOSTATISTICS

After studying this chapter, students will be able to:

* Define biostatistics and its uses, @
* Define and calculate mean, median ar @;&m @

* Sketch a bar chart for a iiven

i

You know that the 5::|enh \wbr]mﬁen mvolues statistical methods. In the field
of blologg 3 fﬁqhsﬂtu\lléct analyse, and interpret data for getting results and
for understanding various phenomena. In this chapter, we will study the main
uses and principles of biostatistics.

11.1- INTRODUCTION OF BIOSTATISTICS

Biostatistics is a branch of statistics that applies statistical methods to biological
sciences. Biostatistics is essential for designing biological experiments, clinical
trials, and epidemiological studies.

Uses of Biostatistics

The major uses of biostatistics include:

..""

1- Designing Experiments and Studies TG f S0

l'.
Biostatistics helps in planning ad sj:lruetur’mg éxpérlmenfs to ensure that the
data collected will be {ﬁi?gantand 5hfﬁcﬁe'ﬁt t3 ‘answer the research questions.
For instance, in a chmc\ah trigh b ﬁsﬁmg a new drug, biostatisticians determine the
sample slze Inefeﬂieé 'te'detect a significant effect.
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2- Analysing Biological Data ﬁa
Biostatistics involves applyin m@\;@@‘l to analyse data. This
ns,

analysis can uncover ~and patterns. For example, analysing

the growth ra it ér different environmental conditions can reveal
how fa ight and water affect growth.

3- Interpreting Results

After analysing data, biostatistics helps to interpret the results in a meaningful
way. For example, interpreting the results of a survey on the prevalence of a
disease in a population can guide public health interventions.

4- Predicting Outcomes

Biostatistics can be used to create models that predict future outcomes based
on current data. For instance, predicting the spread of an infectious disease
within a population helps in planning vaccination campaigns and allocating
resources.

5- Public Health and Policy Making ﬂ@{j@@m

In public health, bi sed insights that guide
policy decisions and fiez res. For example, statistical analysis of data
on COVID- j
campai J

Examples of the Uses of Biostatistics.

1- Epidemiology

Epidemiologists use biostatistics to study the distribution and determinants of
heaith and diseases in populations. For example, analysing data on COVID-19
infection rates, recovery rates, and the effectiveness of vaccines involves
biostatistical methods.

2- Genetics
Biostatistics is used in genetic research to analyse the inheritance of traits and

the association of genetic variations with diseases. Forinst fetic studies
use biostatistics to identify genetica ' %@@ ike diabetes and
cancer. K

RS
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3- Agriculture

In agricultural research, bIDStatIStICS hem;% @\E&p yields, the

effectiveness of fertilizers, a o pests and diseases.

For example, com %@ heat varieties under various
fanmng pract:ce,s % cal analysis.
4- Clm

Biostatistics is cruaa! in the design and analysis of clinical trials that test new
treatments and drugs. For instance, determining whether a new medication is
more effective than a placebo requires rigorous statistical testing to ensure the
results are statistically significant.

11.2- MEAN, MEDIAN, AND MODE

The mean, median, and mode are the measures that help summarize and
understand data sets. The mean provides an overall average, the median gives
the middle value, and the mode highlights the m )\re&b lue.

Mea /\(x i\lﬁ

The mean, also kn% ge is the sum of all the values in a data set

dwuded 0 values It represents the central value of a data set.
Furmu a
Sum of All Data Points
Mean =
Number of Data Points
Example

Consider the following data set representing the heights (in cm) of five
students:

150, 160, 165, 155, 170.

[ 150+1Eﬂ+165+155+ 300
=N U \\/j:«\_g‘(:\\
So, the mean heig W
e
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2- Median

The median is the middle value of a data set whe %j,b%al rranged in

ascending or descending order. If t[ye it m , the median is
the middle value. If thg. \) median is the average of
N

the two middle 1nir.'alwt::
Steps to Mﬂdlan

1. Arrange the data in ascending order.

(A Ls 6 1
2. If the number of values (n) is odd, the median is the value at the position = -;

3. If the number of values (n) is even, the median is the average of the values at

| positions (2) and (“ + 1)

Example
Consider the data set: 150, 160, 165, 155, 170.

1. Arrange in ascending order: 150, 155, 160, 165, 170. |
e

2. Number of values (n) = 5 {g_dd}o

3. Maedian is the vﬂa

So, the lght is 160 cm.

For an even number of values, consider the data set: 150, 160, 165, 155.
1. Arrange in ascending order: 150, 155, 160, 165.
2. Number of values (n) = 4 (even).

3. Median is the average of the values at positions ( ) = 2and ( 1) =3.

Median — 185310 — 35 — 1575

So, the median height is 157.5 cm. \E\
3- Mode i: “’f"“\\‘?@ J@©m
The mode is the va % %equently in a data set. A data set
may have on W one mode, or no mode at all.
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Steps to Calculate Mode
1, Count the frequency of each value i in the data s [?;

2. The value with the hlghe frequ ]1 g&
Example 1 A&\ MH \\
Consider the 160 165, 155, 160.

. Frequenmes. 150 (1), 160 (2), 165 (1), 155 (1).
e The value with the highest frequency is 160.
So, the mode of the data set is 160.

Example 2
Consider the data set: 150, 160, 160, 155, 155.

* Frequencies: 150 (1), 160 (2), 155 (2).
e The values with the highest frequency are 160 and 155.

So, the data set is bimodal with mﬂdes 160 and 1 (a @O@E\
Example 3 %
Consider the data set: 1 170.

e Frequ (“‘i) 160 (1), 165 (1), 155 (1), 170 (1).

o Allvalues have the same frequency.

So, this data set has no mode.

A bar chart is a graphical representation of data using bars of different heights
or lengths. It is used to compare the quantities of different categories. Bar
charts are effective for comparing different categories and visually representing
the distribution of data.

Steps to Create a Bar Chart:

sON
Gather the data to be repre@ﬁ\@wg LE

ir corresponding values.

Arrange the data M?ggﬁ
Draww ~axis) and a vertical axis (y-axis).

Label thé x-axis with the categories and the y-axis with the values.

ottt o -
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5.

Cif

Determine the scale for the y-axis based on the range of values in the
data set. Divide the axis into equal mteruals

For each category, draw a bar with a ggﬁa@%; to its value.
@%X‘ ﬁd evenly.

Ensure the bars are of e
Label each bar \\ﬁi{ﬁc ry name and value

Example N“\J\]\J\NM

Consider the following data representing the number of plants belonging to
different species found in a field survey.

Species | Number of Plants

Species A 15

Species B 20

Species C 10

Species D :
T A s

1. Collect Data: W cnllected in the table above.
ata is organized in the table with species and their

cor spundtng number of plants.

3. Draw Axes: Draw the x-axis and y-axis.

Label the x-axis with the species: A, B, C, D, E. Label the y-axis with the
values i.e, number of plants.

Scale the Axes: The highest value is 25. Use a scale with intervals of 5 i.e,,
0, 5, 10, 15, 20, 25.

Draw Bars: For each species, draw a bar up to the corresponding number
of plants.

Label the Bars: Label each bar with the specit ies nanes\ﬁ‘ﬁl its value.

Jomyer”
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Chart: Number of Plant\s\rc_\ {L Dj&ﬁb
30 \a 0l

| B —
o -’e\“@m”‘j

-
[ ]

Number of Plants
o

Species A Species B SpeciesC  Species D  Species E
Species

@C©©%T®

resu]ts predlctmg nutcumes, and mformmg publlc heatth poi |ty
* Mean is the sum of all values divided by the number of values.
* Means provides an overall average, useful for understanding general trends.

* Median is the middle value when data is ordered. If even number of values,
the median is the average of the two middle values.

* Median is useful for understanding the middle value, especially with skewed
data.

* Mode is the value that appears most frequently.

* Mode highlights the most common value, useful for ca
analsts o A\ “\Y
. Barchart:s hefpcn t\categaries: "
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1. What is the prima

A. Select the cnrrect answers

f;rt pllow ‘ Litic
a) To analyse fi i?%%
by To methods to biological sciences
c) To design engineering models :

d) To study historical events

_ |In biostatistics, which method is used to predict future outcomes based on
current data?

a) Designing experiments b) Drawing charts

¢) Taking average d) Analysing data

 Which of the following best describes the mean of a data set?

a) The most frequently occu rring value

b) The middle value when data is ordered

¢) The sum of all values divided by the number of values

d) The difference between the highest and lowe U@@)m

. Ifthedatasetiss 8, 12 1 A0
a)8 y) 12
c]15 4$N d) 20

A mean of the data set: 7, 8,9, 10, 117
a]? b) 8
c)9 d) 10

~ When the number of values in a data set is even, how is the median
calculated?

a) By choosing the middle value

b) By taking the average of the two middle values

¢) By selecting the most frequent value

d) By adding all values and dividing by the total number of values

_ In a data set with values 3,3,6,7, 8,9 9 what is the mode?
a) 3 b) 6
)7 9

_ |f a data set has no repe W
a) The highe;ﬁ;@ The average of the data set

¢) There | d) Th dian valu
)WWD ) The median value



PLANT PHYSIOLOGY

9. In a bar chart, what does the height or length of each bar represent?
a) The total number of categories A
b) The value of the cnrrespnndmg categﬂry \Jﬂ@ @\Oﬁdﬂ'u

c) The average of all values J \’\ \B /
d) The difference b&;w;\'& \éé'l;énd‘“[owest values
10. When cons WQ% rt, which axis usually represents the categories?
a) Vertical ~axis)
b) Horizontal axis (x-axis)

¢) Both axes equally represent the categories
d) Neither axis represents the categories

. Write short answers.

Define biostatistics.

What is the median of a data set?

How is the mean calculated?

What does the height of a bar in a bar chart represent?
What is the mode of a data set?

@R
. Write answers in detail. - (ﬂ (;@@

Explain the importance of bl% of public health. Provide
examples of how |tﬁ ubllc health decisions.

2. Dlscussg\?ﬁ etween mean, median, and mode. Include
examples'w hgre each measure is most appropriate to use.

3. Describe the steps involved in creating a bar chart using Excel. Include a
discussion on how to customize the chart for better visualization and
interpretation of data.

4. Provide a detailed example of how to calculate the mean, median, and
mode of a data set. Use the following data set for your calculations: 12, 15,
22, 8,19, 25, 15.

5. You are given the following data set, create a bar chart to represent the
number of different types of fruits sold at a market in one week:

e Apples: 30

Bananas: 45 1\
Oranges: 20 Ay % J:}k Uﬁ%
Grapes: 25 ’E@\ L}l \W
Mangoes: 15 &&\l
Ensure tﬁ and provade a title for the chart.
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