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Chapter 1
THE SCIENCE OF BIOLOGY

After studymg this chapter, students will be able to:

Define Blology :
-"'State that the Holy Quran instructs to reveal the study of Life. _

ooz O

Define major fields of Biology as Botany, Zoology and Mic
: -.‘Deﬁne the sub-fields of Blo!ogy._ b o " '
4 Re!ate that Blology connef Nithof % ; es.:

: \o Dakilai ject matter the fi eids (Blophysms Bmchemlstry,
¥ B gecgfaphy, Biostatistics, ontechnology Bio- QCDﬂGmICS)

* & & o o

2 Explam with exampies how Btology is a subset of the na’sural sciences and of the Infe
sciences. S

* Justlfy wnth examples that science is a callaboratlve f' eld that requures mterdssc:plmary-
- researchers workmg together to share knowledge and crst;que :deas '

® j:Descnbe the steps of the sc:entlfic method

® _Evaluate the terms hypothes:s theory and law m the cantext of research m the.
' 'naturai sciences. ; : : _ :

Ever wondered how plants grow or why animals behave the way they do?
Science is all about exploring these mysteries! It' a-\sy @q@ﬂt} way of
studying the natural world througfbob@ atl ﬁ(\ pefimentation. To

make it easier to learn, sci nce eﬁt branches like Biology,
Physics, Chemlstry, and ’?n this chapter, we will dive into the
fascinating wor at S the study of living things. We will see how

biologists usit\zﬂkjs nt|f|c method to solve biological problems.
5




THE SCIENCE OF BIOLOGY '

1.1- BIOLOGY AND ITS BRANCHES o-@@x’g@

nes from two Greek words

Biclogy is the science of life. Theqw @

L.e, "bios" (life) ang “0gQs*” ores the structures, functions, and

interactions of livin(a - Understanding Biology helps us to address
o'A€a

Issues r th, food, and the environment. Biology offers a

fascina ourney of discovery from the microscopic world of bacteria to the
vast ecosystems of our planet.

v - %
AN 2 Sl L3

Biology is a vast field that explores the incredible diversity of life on Earth. To
better understand this complexity, scientists have divided Biology into three
main fields:

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

Botany: It is the study of plants, includ@%i@@mre, growth,
(@]

reproduction, and interactions wig\ thai
Microbiology: The ganisms, such as bacteria and
microscopic fung; icrobiology. It includes the study of the

structuW& abitats and reproduction of microorganisms, and their
impacts‘\éh health and environment.

R T T BT R R SR
iy e 3

= R "'-.:'--"--" i ,-[.g:_ R .-F ‘_ oA o e Zn PSS =
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
weil as internal structures, like organs.

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

device development, and improvirg quali udy of the organs
of the digestive system.
3 \
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_ THE SCIENCE OF BIOLOGY

Physiology is the branch of Biology that deals with the funct1 of body
parts. For example, how the blood ircul n@ orts vital
substances throughout the bod é

Histology is the micrﬁm des. Tissues are groups of cells that
have similar fu examination helps in disease diagnosis, drug
studies, an S andmg organ structure and functlon

Cytology is the study of cells ie, the e
building blocks of life. Cytologlsts
unravel the fundamental structures of
cells and their organelles. They also
study the mechanisms of cell division.

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 genetically
modified organisms.

Embryology is the study of the pf9c

. @bmrgamsm from
fertilized egg. In this_branc @u e and organ formation,

identify birth defects, pedical treatments.

Genetics W?h 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
that deals with the study of fossils. The
examination of fossils helps scientists to | 4
know the evolutionary history of 3'_-}:- S
organisms. For example, dinosaur fossils | )&M 5
provide evidence of giant reptiles that | bﬂhonyearsold
roamed the Earth millions of years ago.

N e T e s S e e e a e e e e

Taxonomy is the branch of Blology that deals WI Sy ﬁ fication of
organisms into groups on the 3sis. QF SHR differences.
Classification of orgam% - derstand the diversity of

life, |dent1fy new spec




THE SCIENCE OF BIOLOGY

Ecology is the branch of Biology that deals with the relationships between
organisms and their environment. Ecology helps to mﬁﬁdiversiw and

ce, illustrates the
interconnectedness of or anism% reng) utrients.

Q
Marine Biology is t %%m lology that deals with the study of life in
oceans. It h derstand ocean biodiversity, discover new species, and

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

- Patholegy 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 immune_responses to

infections. XQ@O@(@
Pharmacology is the branch in whi @@@r s and their effects on the
body. This helps in t m new drugs. For example, new
antibiotics are de X are used to kill bacteria and treat bacterial
infections. W

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.

The following are a few examples of&vﬁmg@@@ with other

sciences. %

1. Biochemistry O“xm%
0

Biochemistry 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

It deals with the study of the pFNC apply to blolog|cal
processes. For exampI@ % the rules of lever and motion
for understandlng th uscles, bones and joints.

3. Comp |ology

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 acuds 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 ' padias . el

It deals with the principles of oo~
statistics to analyse an( [

data related to livin B
BIOSta’EIStIW ial Tole in
biological search, healthcare,

and public health etc.

6. Biotechnology 2 ' 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  FIGURE1LL: Re'? ity othey

insulin to treat diabetic patients. @@@

: """-l’dmﬁaaﬁé;é
'{quJ 5099




" THE SCIENCE OF BIOLOGY -
g@@$ @ ew. In bio-

the biological projects

7. Bio-economics

It deals with the study of organisms f
economics, scientists calculate t

e.g. productlon of new v

1.3- CAR

IOLOGY

ro
f

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

The profession medicine
deals with the diagnosis and
treatment of diseases.
surgery the defective parts
of the body are repaired,
replaced or removed. For

this profession, stu
need to compl
Bachelor edicine,

Bachelor of Surgery (MBBS)
degree.
2. Dentistry

Dentists specialize in oral
health. They diagnose and
treat dental diseases and

perform surgeries. For this |
profession, students get a |
4-year Bachelor of Dental |

T

Surgery (BDS) degree.
3. Pharmacology

In |

"__,.J

PharmacoloW

effects of d n human
body and develop new
medications. For this career,

Mare Careers in Bwlogy
| Career Major Jobs
Veterinary Dlagn051.'rgigzgﬁw@ﬂmc diseases |
Medicine ries in animals
‘ o _\n '
% /‘éé&'}wngu issues related to pollution
j ce and natural resources
)
Microbiology | Research on microorganisms to
understand their impact
| Genetic Providing support to people on
Counselling genetic conditions and testing

Nutrition and

Advising on proper dietary habits to

Erﬁ:

1 Dietetics promote health.

Public Health | Improving the health of
communities through education,
policy-making, and research.

. Biomedicél

i dc?@\gx“e'dical

Wa ics

Analysis of biological data by using
computational tools

10
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THE SCIENCE OF BIOLOGY

a Bachelor of Studies (BS) degree in Pharmacy or Doctor mharmacy (D.
Pharm) degree is required. W@ @

4. Physiotherapy % @@@

It is the therapy th éstore movement and physical function of
body that |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 practices, crop production, and
sustainable agriculture techniques. A 4-year %rnculture is

required. ‘@@

7. Animal Husbandry°
This field in and carmg for livestock to improve their quality

and produstivity. 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 managé and conserve forests and wildlife. For this profession, 4-year
BS degree in Forestry is necessary.

10. Farming
The professionals of farming prepase 1%

w@@%@g@poultw farmes,
fruit farms. In such f ‘-\ aise animals for food and

other products. A 4- %@m in Agnculture or specific farming courses
Is require ssu)n

11




THE SCIENCE OF BiOLOS
T,

( .J"‘.

11. Biotechnology Q @@
Biotechnologists use2\bi sses to develop products and

technologies | i riculture, and more. A 4-year BS degree in
Biotechn required 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:

e 4 s s (1277 ¢
IO T, 8 L ALl A o
“We made every living thing.from W»@% Verse: 30)
aft hi

The Quran mentions @W ving things were created from
water. “

@)
Water isMs 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.

“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.

(Sura: Al-Mominoon, Verse: @ @@
o \O

Quran also describes the com @%@;ﬁﬁcation of animals.

Sl Sy 152805 2 HEATEI N AR AR PP
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25 55508 e by TERGE W Je i oAndes
“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 then
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. ;

0
1.5- SCIENCE AS A COLLABOBA@WW@O@@ |
Science is a collabora “““
OA - "

(fields) work to e complex problems. Interdisciplinary teams can
tackle problﬁm 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:

MWRICh researchers from various disciplines

Human Genome Project oSt P
The Human Genome Project aimed to sequence and )8
map the entire human genome. This project was |
completed in 2003. It involved researchers from

various disciplines, including molecular biology, %@ dm,'\‘f

genetics, informatics, and computer science.

) The Human

Fl? Gl ﬁﬂ
Y > enome Project
¥ a y |

Climate Change Research
Climate change requires collab

disciplines, such as a i@@
economics,w

13
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Medical Research
Medical research often depends on interdisciplinary collabrat;on For

example, cancer research involves oncologists (cn@ blologlsts

biochemists, geneticists, pharm m(&

The field and~ Al is highly
interdiscipl Lt involves computer science,
engineering, mathematics, neuroscience, and
psychology. This collaboration has led to
significant advancements in robotic systems,
autonomous vehicles, machine learning and S
natural I.anguage processing. | FIGURE 1.3: Robotic and
artificial intelligence

Robotics and Artifici

Space Exploration

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

fields, including astrophysics, planetary science, e ology, and
medicine. These collaborations ena@e @W@&e the cosmos.

St:lentlsts \'I\' i |costeps for doing scientific work or research. These steps
are called the scientific method. For biological research, these steps are called
biological method. The following steps are involved in scientific method:

1. Recognition of a scientific problem
2. Observation

3. Hypothesis

4. Deduction

5. Experiments

6

Results

1. Recognition of a Prob|em
The first step involves identi M@ c:entn‘tc problem (specific
issue or phenomeno ants to investigate. Such problem is

either aske or comes in bIO|OgIStS mind by himself. For
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example, a biologist notices that plants in an area-ar taller than
usual. He develops a scientific problem: * m responsible for the
increased growth of these pl ecomes the starting point

for a scientific inqui@m
O

2. Observati

Scientists“Mmake 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 C@mrecorded in
terms of numbers.

s m@i\ﬁw@o

On the basis of obsO

Ists . Lol Sk e S O
gevelop a <t dhdt may prove the | Information is also gathered by reading :
study. Such tentative answer of scientific ;_k“"w'e"gg i f°“'"”'ate ahypmh&m

problem is called hypothesis. Scientists - - - oo Bt
make many hypotheses for a single problem. A hypothesis has the following
characteristics:

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

® There is always a way to disprove the hypothesis.

@O@(@ﬁ@ _

4, Deduction

Scientists develop logical resultsfr Wﬁ. Such logical results of

hypotheses are calle m , deductions follow the pattern of
mssume that ‘if hypothesis is true ‘then’ what

"if-then" statemen dé@
might be W@%r example:

15




THE SCIENCE OF BIOLOGY ;
® Hypothesis: "Leaf discoloration and sturﬁplant are 3
o) i

caused by a deficiency of orﬁn
® Deduction: “If % ausing the symptoms, then adding

iro.*\;ég}{@g@lO rove the colours of leaves and promote plant
growtR.

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.

-

Experimental Group and Control 'group :

: p%t the o\ o
ey

beriment to test the necessity of carbon

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 Interr@'@rﬁl meetings

and seminars. @W@O

1.7- THEORY AN& _ |
When EXW ypothesis correct, scientists use such hypothesis
for makingfurther hypotheses. When new hypotheses are again proved by

16 | |




THE SCIENCE OF BIOLOGY

experiments, the original hypothesis becomes a theory. A theory is supported
by extensive evidence and is repeatedly validated by multlpl earchers. For
example, the theory of evolution ex ams me over time
through natural selection.

Scientists keep on tes s by domg experiments. They try their
best to dls eory. If a theory is proved again and again by
expenment 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.

Exnerh'nental
Hypotheses ~a Deductions f"\ Expenments

Observations

Further Further

Law/ == Theory/ == 2
Principle Sozalu’uonO ff\ﬂ?\e @?@E@
U

ults -

U\.—-'

Malaria is a common disease in many countries
including Pakistan. You will know how biologists &
solved the biological problem concerning malaria. §

-ii % ]

1 Observatlons

This disease was known to physicians of the
ancient times (more than 2000 years ago). In the .
last part of 19™ century, there were four major

observations about malaria. o @
® Malaria and m %@@elation.
@ Quininei ive drug for treating malaria.
% DrinMater of marshy areas does not cause malaria.

17




THE SCIENCE OF BIOLOGY

® Plasmodiumwas seen in the blood of malarial patients.

Pr T =n IR @u u 5 R s
1ch ar ian Laveran 8d : the [ €al: malaria”. Hetae 'the
fmm 5 malarlal patient ok‘ et Licroscope. He noticed some
r ; e\ isT was given a name - - Plasmodium. i

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 ‘ T

In order to test the deduction,
performed experiments. They ex
samples of 100 malariad

persons under mi é&é ollowing was the ¢
result of thé@&f\iﬁﬁents

® Most of the malarial patients had Plasmodium in thelr blood.

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 observations;

® Malaria is associated with marshes.

® Drinking water of marshes

When biologists considef yseérvations, they thought that Plasmodium
was not in th

18
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THE SCIENCE OF BIOLOGY

1. Observations - @@
O

In 1883, a physician, A. F. A. Kindg) lis -ﬁﬂ Some important
observations of Kin re;
e People WQ& %;SMOG had more chances to get malaria than

indoors;

® 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 Plas should
be present in mosquitoes.” @

@\
3. Experiment and Results m@®® |

In order to test th :
Ronald Ross f Important o | i T
experim j s. He was a British ’
army physician who was working in

India.

He allowed a female 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 FIGURE1.5:'RonaId Ross with his
infected mosquito (having Plasmodium) g e e o

to bite a healthy person. If the

hypothesis was true, the healthy person would have got malaria. But he did

not use human beings for such risky expefiment. @@

Ross performed his experiment again “ instead of man. He
allowed female Culexo ‘ a-sparrow suffering from malaria.
Then he studied som Uitoes at different times. He found that

d 19
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Plasmodium multiplied in the walls of the m@%&?@md then
|

moved into its salivary glands. He allow osquitoes to bite
a nat ¥ sparrows got malaria. When

healthy sparrows. Ross at
Ad ‘.. arrows, he found many Plasmodia in it. So,

he examined the blo

Aedes mosquito transmits dengue fever.

In the end, experiments were performed on human beings to_ test this

hypothesis. In 1898, Italian biologists allowed an gle: @@to bite a
malarial patient. The infected m » sd to bite a healthy
man. This person later @ @ . In this way, it was confirmed
ium
O

that mosquitoes tra and so are involved in the spread of
malaria.

Sparrow  Healthy ~ Sparrow
Eaget o SEarrow T ikt

got
malaria

FIGURE 1.6: Malarj n nd man is transmitted by Culex and Anopheles
mosquitoes respectively

20




: THE SCIENCE OF BIOLOGY

A 1cmbldlbgy (study of mrcroorganlsms)

o The mam sub-f‘ elds or branches of Biology include:

Branch
Cytology
Histology
Morphology
Anatomy
Physiology
Embryology
Genetics

Molecular
Biology

Palaeontology
Tax

Ecology
Marine Biology
Pathology
Immunology

Pharmacology

- Transfer of characteristics fron

-Study of;

Cells
Tissues

Form and structure of organisms

Internal physical structure of organisms
Functioning of body parts

Development of organism from fertilized egg

Fmalaii

assification of organisms

ts g

O 3 s SR
ates, proteins, lipids, and

relationships between organisms and their environment
Life in oceans
Diseases, their causes, and effects

Components of immune system and their role agamst
diseases | |

Drugs and their effects on the body

o Students of Biology can adopt careers like medicine and surgery, ftshenes
_ agnculture animal husbandry, biotechnology, hortlculture ferestry and

forens:cs

® The sc:entiﬁc method lnvolves basic steps like
prablem, taklng observatlons
performmg expenments ar °

i \‘ sc:entlf ic
k g deductions

2'I




THE SCIENCE OF BIOLOGY

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

® |If a theory is proved again and again by exwai@ mes a Iaw r

prmaple @@
\ \gon fact of nature

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
¢) Histology d) Ecology
2. The study of the processes of heredity and variation in livi @orgamsms is
y

known as:
a) Ecology m%a
c) Anatomy “@@ dyEmbryolog
3. Insulin made thr Is an example of the technique of:
a) Paragt 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
¢) Morphology d) Histology
5. Which branch of Biology involves the study of the classification of
organisms? :
a) Taxonomy b) Physiology

a) Making deduc’uons aking observatnons

c) Palaeontology d) Blogeograp@“
6. Which step comes between makin é&)rpo periments?
€) Summarizing re d) Analysing data

O
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7. Which of the following is NOT a characteristic of the scientific method?
a) It relies on evidence

b) It involves formulating hy o%ngx@W@o@
c) Hypothesrs \.MII(SJ ays ‘% -
d) It requires rfgo$

8. Cho sequence of steps of scientific method?
a) Observations — hypothesis — deduction — experiments
b) Observations — hypothesis — law — theory

¢) Hypothesis — observations — deduction — experiments
d) Law - theory — deduction — observations

9. People who slept near smoky fire had less chance to suffer from malaria.
Why?
a) Smoke kills Plasmodiumin their blood
b) Fire increases temperature and Plasmodium are killed in air
¢) Mosquitoes cannot tolerate smoke and are repelled
d) Smoke kills Plasmodium present in mosquitoes ©m
10. Experiments are very importantd'f\ lent ﬁﬁ@&m a researcher:
a) Always gets correct resul
b) Disproves man&& >

i gets some hypothesis proved
ove the hypotheses

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

B. Write short answers.

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

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

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

4. Differentiate between Morphology and Physiology
5. What is Computational Biology? @@E@
O

6. What is the role of obsepvati W@on in the scientific
method? O“@dk




THE SCIENCE OF BIOLOGY

1.

3. Science is a collaborative

7.

Link the study of Biology with that of Physics, Chemistry, Statistics,
Geography, Economics and Computer Science.

Explain how the study of Biology can lead-ta differentprofessional studies.

knowledge. Provéthi Dy giving examples.

How W& converted to theory, law and principle?
What are the basic steps a scientist adopts in order to solve 3 scientific
problem?

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

Write a descriptive note on the experiments performed by Ross.

D. Inquisitive questions.

1.

Why is it important to classify biology into differe a@@ﬁ@ch as botany,
zoology, and microbiology? How@c@gneﬁt scientific

?
research? o

- How can a scienti scientific method to confirm an observation
O
that a CM species grows more quickly in shady places than in direct

sunlight?



BIODIVERSITY

After studying this chapter, students will be able to:
~® Define biodiversity and classificaion.
* Describe advantages of classification.
® List the taxonomic ranks of classification. S
. D'SCUSSthehlstOW "‘-:?f'"iiia's_siﬁcét?dri-:scherries. 55

o GO@

List the three distinct domains into yehicH s\arebroadly classified into.

5 DESCﬂbE thecompf ations of-clas Yiklg ) 2

Ome 1o 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.

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 ki @\\prganisms.

However, they estimate that the total ind of j%ﬁﬁ%b arth is much
greater. Biodiversity is not e };Prﬁg‘f Séuj biodiversity in a place
altitude;-and soil type. Tropical regions have

depends on factors likg /i ié\ .
more biodiversit "\N‘? dlar\regions.
;\I'ENI\J sl 25 :
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Importance of Biodiversity

B'ibdi;vérélity' prdvides rhany essehﬁqb sef '
humans and the plap @L&f@% A

benefits of biodiversit “
Et:::»sg;sterrlq@‘ﬂmgi0 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
carbon dioxide. It helps to keep the climate
balanced.

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

Economic benefits: Biodiversity

agriculture, tourism, ar@%
2.2- CLW&I

Biologists have identified about 02 million kinds
of organisms. Out of these, 0.5 million are the

animals. It is only a small percentage of the total

e L))
@(@Rm

Y

0 4 oy

United Nations has
as

"The
designated May 22"
International Biodiversity Day.
It is celebrated to promote the
protection of biodiversity.

Some people don't resp_ect_E
: i ; ' biodiversity on the grounds !
kinds of plants and 1.5 million are the kinds of : hat it is useful for humans. i
| Rather, ' '

kinds, which live on Earth. Every year, biologists ! piodiversity on aesthetic and

W industries, including

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

they respect

discover thousands of new kinds of organisms. To
better study such a large collection of organisms,
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.

Aims and Principles of Classificati @@@W@o
The main aims of claswm
a. 10 W' les and differences among organisms so that they
can

died easily

. moral grounds.

b. To find the evolutionary relationships among organisms




Biologists classify drganisaisit : 'subgroups on the basis of similar

physical charac “ \ re times, they also take help from genetics. They
find Wﬁn arities and differences among organisms. Then they use
this indormation to know similarities and differences in their structures and

functions.
Advantages of Classification

{"n" catlo "'f""'allows biologists to group similar orgamsms tagether
aking it easier to identify and understand their characteristics,
m%atlonshrps and evolutionary history. It helps us understand the vast
_ diversity of living organisms on Earth. |

' Classification provides a framework for studying and comparmg
~different species. :

o It explains the inter-relationship amongst various organisms.

O __Iflt helps in the identification of new speaes @mg thew
'evolutlonary relationships.
' ides % age or biologists around the

munication in the study of orgamsms

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.

Kingdom: Domain is further divided into kingdo fg n@@@omam

Eukarya is divided into four klrfdo ‘@ Fungl Protista.
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Phylum (Division: for plants and fungl) Each "@
kingdom is subdivided into la Y

divisions.
Class: EaW@“mls dlwded 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:lt is the lowest level of classification. A
species is a group of similar organisms that can =

interbreed and produce fertile £ @@ ‘ ALN
reproduction) offsprin ‘ _
WWOKX SR

Eukarya Eukarya

Eukarya
Kingdom Animalia Animalia Plantae
Phylum or Division | Arthropoda Chordata Magnoliophyta
Class Insecta Mammalia liopsida
A O

Order Diptera e /‘Y\ﬂ \m\%@@o@ Fabales

—

Family (D@\WW%& Hominidae Fabaceae

Genus i W M}Jﬁ# la Homo Pisum

L=

SN
Species UL, Drosophila melanogaster | Homo sapiens | Pisum sativum

28
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2.4- HISTORY OF CLASSIFICATION

e The Greek phil 5 (384-322
BC) was classified organisms
into ups 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 Italian botanist Andrea Caesalpinia(1519-1603 AD) divided plants
into fifteen groups and called them genera.

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

class and species. @
15@%" D) created a
\ “ axaie kingdom, phylum,

e The Swedlsh biologist Carl

It was the earliest classification system in which all organisms were classified
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 darkqgigg@j of cell wall)

characteristics. So, a separate klngd%n m‘ organisms. This
@ rokaryotes (bacteria and

system also did not clea%the d

archaea) and eukaryote m\(‘

29
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(b) Three-Kingdom Classification Syste

Tt Sacbropee

In 1866, thé-.German zoologist\E
Protista for Euglena-like\o '

archaea) in the kin ~In this system, fungi were still included in the
kingdomw taxonomists disagreed about the position of fungi in
kingdom Plantae. 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.

In 1937, French

kingdom classification system. This system is based on;

® The levels of cellular organization i.e. proﬁ@é Id, archaea),
(el

uniceilular eukaryotic (Protigta) fa 1“ﬂ I eukaryotic (fungj,
plants and animca)l “ |
® The modes of n m otosynthesis, absorption, and ingestion.

On this basj s were classified into five kingdoms: Monera, Protista,
Fungi, Plan 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

pProposed by Whittaker.

o e
ication Syster

In 1977, American microbiologist Carl Woese (1928-2012) added a taxon i.e,

domain above kingdom. He classified organisms into three domains e,

Archaea, Bacteria, and Eukarya. It was actually a division of the otes in
it

two domains i.e, Archaea and Bacteria. While all @O placed in a
single domain e, Eukarya. This_clasifi @ on the differences
between Archaea and Ba&%iigﬂ\@%

A\

| WN\NM 30 '
\
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(a) 2-Kingdom System

I Kingdom
~ Animalia

(b) 3-Kingdom System

| Kingdom
| Animalia

Kingdom
‘Animalia

(d) 3-Domain System
Archaea Bacteria Eukarya

FIGURE 2.2: Different Classification Systems

2.5- DOMAINS OF LIVING ORGANISMS @ i’S\f\\

The following are the main charm‘m e domains of organisms.

1 Domam Arch -
These are thwyr\@:utwe 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.

WO . |
FIGURE 2.3: Diversity in domain Archaea

31
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environments ‘\m
extremely agidic’environments).
Zf.'_'_":_",Damam Bactena

This domain contains bacterla and cyanobactena 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 play important

role in nutrient recycling.
t ycling “@Ya @

3. Domain Eukarya

The domain includes ﬂ& nd multicellular eukaryotes They have
complex eWﬂs ith nucleus and other membrane-bound organelles.
i

This domaity'contains kingdoms protista, fungi, plantae and animalia.

Bacterial cells are smaller than o Netive Arye-eé
Eukarya cells and have no chem|% apsu ohtain more complex

nucleus. extre @t structures.

B

WW “m 2.4: Three Domains

32




2.6- CLASSIFICATION OF DOMA] Eu

Q
(a) Kingdom Protista “

Kingdom Protista ryotes | Certain protists are parasitic and cause
which are (eally r colonial or ! diseases. For example, Plasmodium
filame imple multicellular. Simple causes malaria and Entamoeba causes
multicellular means that they do not have . a type of dysentery called amoebic |
multicellular sex organs. There are three ' dysentery. '

types of protists. SRR

______________________________

[

of chitin. Slime molds and water molds are examples. @

FIGURE 2.5: Common protists
(b) Kingdom Fungi

This kingdom consists of fungi. They are e e
heterotrophic. Fungi get nutrients in 3 . Some fungi 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 :" -éht’ibfictic, called penicillin, is derived |
food from decaying matter present in their from the fungus Penicillium,

surroundings. Fungi are eukaryotic and {_ SEE
have cell wall around their cells. Their cell wall is r@l@b@@m (a

Polysaccharide). Most of the fungi are m
smuts and molds while 3 few are upicel@|




| sooversy /|

Smut funglw adstbol- ~  Bracket fungi Sweet Tooth Fungl
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 attijen o@@m living and
non-living. They are acellular i.eg are P cells and do not have

organelles. A virus co ‘\ﬂ‘ 4
protein coat. The etabolism. For the synthesis of their proteins
and to incwm%umber viruses become parasites in._organisms (plants,

34
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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

aﬂd are also not included in classification
system. Prions are composed of protein only m
nd Viroids are compos of cir a ;

S e e N L B S

Table : C

haracteristics of the Domains and Kingdoms of Life

=pymee

= T

King Protist igi  Plantae  Animalia
Prokaryotic Eukallryo-ti'c Eukary'o'tic Eukaryotic Eukaryotic
. Absent Present Present Present ~ Present
_ Archaebacteria: polypeptides Present in Chitin Cellulose and Absent
~and proteins some, various other
Eubacteria: peptidoglycan types polysaccharides
Modeef - Autotroph or heterotroph Autotroph or Absorptive  Autotroph Ingestive

Nutrition heterotroph, hetero @©m heterotroph

or ‘ EW j
Muiﬁ\. Absent in all Q ﬁ@ Presentin  Present in all Present in
cellularity \\N‘[WU “ most most all

o
A
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Coronavnrus is a wrus, identxﬁed in late 2019 in Wuhan Chma It caused a pandemlc of_ ]

resplratory iliness, called COVID-19. The virus pr[marrly spreads thro iratory droplets
when an infected person coughs, sneezes, talks, o spread by touching |
: ;u:f_a_ces contaminated with thei - ver nose and mouth can help to

_prevent the spread of
shi:_!rtne-ss of breatt
some ' o severe resplratory problems, especnalfy in older adults and people
' w:th underlying health conditions. Washing hands frequently with soap for at least 20
seoonds or use of hand sanitizer with at least 60% alcohol can also prevent the spread of
dlsease Vaccination plays a crucial role in protecting from COVID-19. Vaccines help immune
system to recog nize and fsght the virus, reducmg the severity of the dlsease

A B AR e P R N T e I e S R S e e e o 2 g A e e SR ST R S MR P B R o

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 system of W organisms is termed
as binomial nomenclature. ‘1 @
Cag Nahiz > “Scientific Nama_s_ _
Allium cepa S

. Solanum tuberosum

- Solanum esculentum
'.;:_Apis cerana
Panthera tigris
Homo sapiens

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 s name of an
@ em provides a

he language of a particular




| Ryt e T O
O A S dsT 4
- qF B JEenyy O > /
f il sesdalr = sl

® 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. m
@og%d by the same
or 'dozens of plants with bell
ird" is used for crow as well as for raven.

® In some cases, several diﬁ‘ercgn -‘r-_;r

common name, e.g. ‘bl Q}
shaped flowers. Si

® Comm ‘have 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 nomenclatura

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

1. For scientific naming, words are taken from Latin lang

2. Every scientific name has two pgrar@w&@a ways comes first
Q

followed by the spec

les na
O
3. Every scientific n %m ave to be unique because the same name
cannot ’Naming two different organisms.

4. The first part of the name ie. 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 Italics. .

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




The groups into which organisms are classified are known a
ranks or taxa (smgular “taxon”).

The highest level of classification is the domain.

Living organisms are broadly classified into three domams_
Bacteria, and Eukarya.

The members of kingdom protista are unicellular or simple multlﬁ
organisms and have eukaryotic cells.

® Fungi are eukaryotic heterotrophic organisms w

® Plants are eukaryotic multlcglul @@ Sve multlcellula
organs. e
. ﬂ‘\};\@xg

® Animals are [ticellular heterotrophs whlch mgest faad
i zed cavities. ¢

ruses lack any of the characteristics of the three domams or Slx-\
of life; therefore, they are not included in the classrflcatle

The scientific name of every orgamsm conststs of_twa pa
of the genus and second is the name of lts spec:es. S

A. Select the correct answers for the following questions.

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

a) Species b) Genus

) Kingdom d) Domain
2. Which characteristics is unique to orgamsms | @@@a?
o)

a) Cell walls made of pept:do
b) Presence of a nucleus
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Pt P
d) Lack of ribosomes c 3

o N/
. Which of thes% W@&& to bacteria?
a) Do not hav |
b) W peptidoglycan

¢) Mostare heterotrophic |

d) Have chlorophyll in their chloroplast.

. Which of these organisms belongs to the domain Eukarya?

a) Escherichia coli b) Yeast

¢) Coronavirus d) None of these

. 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
. Which kingdom includes organisms that are primarily unicellular,

eukaryotic, and often heterotrophic?
a) Archaea S ®m&§©

¢) Fungi 2 lantae
. Why are fungi ophic organisms?
a) Have chijtir(n I
O
b) natrients

¢) Reproduce by spores

d) Cannot prepare food

. Why it is impossible to classify viruses within traditional biological
kingdoms?

a) They lack cellular structure and organelles.

b) They cannot perform photosynthesis.

c) They are smaller in size than bacteria.

d) They are parasites.

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

humans?
a) Homo sapiens b
¢) Homo Sapiens o ‘ Sapiens
10.Which informatio c‘i\i@ ow-the scientific name of an

you
organism? Q
a) Kingdo b) Phylum and genus
<)

species d) Class and species
39
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Write short answers.

What are the seve

Write the tax ion and corn?
Whawmodiﬁerences 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.

U Why cannot we classify viruses in any kingdom?

1. How does binomial nomenclature facilitate clear communication about
organisms across different languages?

C. Write answers in detail.
Discuss biodiversity and its significance in maintaining the Ith of

ecosystems. @ @@
Explain the importance of classiﬁgat'a i aﬂ how it helps us

sht"orgahisms.
Describe the Linna assification in detail, stating the seven
taxonomic g Felationships.
Com contrast the domains Archaea and Bacteria, focusing on their
key characteristics. | |
Describe the diagnostic characteristics of the four kingdoms within the
domain Eukarya.

6. Discuss the challenges of classifying viruses within the traditional three
domains of life,
Explain the rules and guidelines for suggesting scientific names to
erganisms.

D. Inquisitive questions.
1. How might placing an organism in the incorrect taxonomic group

Ioc{@@ to

pomial

affect conservation or scientific studies?

2. Imagine you discover a new organism. What st@ﬁ

classify and name it according tp% ii a

nomenclature?




Chapter 3

THE CELL

After studying this chapter, students will be able to:

Describe cell as the basic unit of life.

orgéhelles-) :
Describe cell

&

ecrahzatlon

Compare W|th dlagrams the structure of

'of Iabour and how it apphes within cells (acmss
ellular crganfsms (across celis)

Define stem cells as unspecialized cells,

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
functions necessary for life. In
this chapter, we will explore the
fascinating  world.  of cells,

uncovering  their %

structures and vital
living world.

Cell is like a City

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

services), and other structure rem or break
wastes (like waste disp @m just like
aci ai ‘3“ ent\2 é:il has a nucfeus that

unction of the cell.




THE CELL

3.1- CELL

The cell is the basic unit of life. Just as brick lo@@mg blocks of
ganisms, including plants
e smallest bacterium to thy

Most re very small, and cannot be
seen with the naked eye. Despite their size,
cells are very complex and carry out all
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 discovered tiny

study the details of

However, in t % ury the quality of
microsc ved. In 1831, while studying
plant cells under 3 microscope, a Scottish .
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.

L )

The cells of bacteria, fungi,

some protists (algae) have a rigid non- =
living wall around cell membrane. It is Middle
called cell wall. It provides shape, strength, |#% 'a;:fn -
protection and support to the inner liA V® % wall .
matter (protoplasm) of the m i = Pimary wall
cell wall is made of t Smiddle

lamella pg&w a3 condary wall FIGURE 3.1: Layers of plant cell wall
| 42




Cell wall

Cell membrane

Vacuole o

WW

Mitochondrion

Chloroplasts

Pore in cell wall
(Plasmodesmata)

Ribosomes Golgi vesicle

Nuclear envelope

Golgi apparatus

Rough
Chromatin enqoplasmlc
: reticulum
Nucleolus

Cytoplasm

Smooth
endoplasmic
reticulum

WRN (_XX Mitochondria
Intermediate SR ey Cell membrane

filament
Cytoplasm
Ribosomes Microtubule
Rough
endoplasmic
reticulum Centrosome

Nucelus Microfilament

Nucleolus Lysosome

Chromatin Smooth
endoplasmic
reticulum

Golgi
apparatus

m.& Structure of an animal cell
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The primary wall is present just above the cell
membrane. It js mainly composed of cellulose
hemicellulose, and pectin. Cellulose) f '
that crisscross over one anot \{
sls

\oﬁ.
primary wall. Middle .‘:m ..

ogether the
primary walls cells. It contains
magnesiumy )

M and pectin. Some plant cells FIGURE 3.4: Cellulose fibresin
€.9. xylem cells make secondary wall on the primary wall

inner side of primary wall. It is mainly made of

cellulose, lignin and other chemicals,

' Plasmodesmata ' (singu!ﬁr::
The cell wall of algae is also composed of fzﬁ'asmOdesmaJ are the channels
cellulose. The cell wall of prokaryotes is made of {in cell walls that allow the:
peptidoglycan (a single molecule made of . exchange of molecules b‘-’tw_ee;”l:'
amino acids and sugars). The cell wall of fungi is : adjacent cells. e
made of chitin. :

Cell Membrane @W@O@C@m

All cells have a thin and_elastj € around the cytoplasm. It is
selectively-permeable. 1 €w molecules to pass through it while

blocks many Ws . _
Cell membrahe”js Ccomposed of proteins and Iipids and small quantities of

protein molecules are submerged. The lipids and proteins can move laterally.
Due to these movements, the pattern or “mosaic,” of lipids and proteins
constantly changes. Carbohydrates are joined with proteins (in the form of
glycoproteins) or with lipids (in the form of glycolipids).

membranes.

apparatus, endoplasmic reticulum, and lysosomes are also b%ﬁded by




O Glyf_c_allipid Glycoprotein Another i|p|d cholesterol, is |

of calt \ Protein attached mner sides of

AR ARCAGOCOA0E <ﬂ@ Cholesterol is

AR -;_;;" . *,{ b ‘” apsent in the membranes of

WNe= ’ l&‘t‘,’ ‘}')‘ ’;‘:\’ | most bacteria. :'

Lipid (§592 22 _ AT O : .
bilaye | M{ S A

OO KON i | FIGURE 3.5: The fluid- mosaic
model of cell membrane

Inside Proteins Cholesterol

of cell

Cytoplasm

It is the jelly-like substance that fills the inside of ===~

a cell. It is a complex mixture of water, proteins, &Ytosolisa liquid part of the
enzymes, salts, and other substances. Cytoplasm & 'oPlasm  that includes
provides a medium for organelles to move and | Mo/ecules and small particles, |
function. It also helps in the transport off § 2 rivosomes, but T

membrane- b und anelles.
materials throughout the cell. It acts as the sute i i

for various metabolic reactions e.g, Glyc ?
(breakdown of glucose). It als 55 of the cell.
O
Nucleus
O e N N
All euka S have a prominent nucleus. In

The nucleus serves as the cell's |

animal cells, it is present in the center. In mature ' “control center”. It oversees

plant cells, it is pushed to side due to a Iargeé‘ cellular activities by directing
central vacuole. The nucleus is bounded by a: '

- the production of proteins.

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 chromatln conde nd takes the
shape of thick chromosomes. . control aII the

activities of the cell. DNA




w

Nuclear,
envelope

Chromosome
Nucleolus

Chromatin Nucleoplasm

FIGURE 3.6: Structure of Nucleus and t:hromosc:mem

The prokaryotic cells do no.t contagn

©
amrg @W@ﬁgmeir chromosome
is made of DNA only ang @\r

= 4

thin tubes and filaments present throughout the cytoplasm.
It consists of three parts i.e., 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
Intermediate filaments are rods made-of vari ns, mainly keratin
and vimentin. They anchor the é& er organelles in the cell,

They also make cell-to-

(0]
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Endoplasmic

reticulum SRS
Microfilaments
Intermediate Mitochondrion
filaments Microtubule
FIGURE 3.7: Cytoskeleton
Ribosome

Ribosomes are tiny granular str
the sites of protein symifless
freely in the cytoplasm | so attached on
the surface ofMOplasmic 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.

unled-"channels present throughout the

It is a network of meﬁ%@ }
cytoplasm of euk ' re are two types of endoplasmic reticulum.
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Rough Endoplasmic Reticulum Rough endoplasnic reticulum (RER)

(RER): Numerous ribosomes are

attached on its surface. RER 5 é

serves Fhe functlonOQ Kﬁ> o)
synthesis, “ i
Smooth @g@@@ﬂfé Reticulum |
(SER): It Yacks ribosomes. It is

involved in lipid metabolism
and in the transport of
materials from one part of the

Smooth endoplasmic reficuium (SER)

cell to the other. |t 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 o@@@

In 1898, an Italian physician C illoGa -mﬂ et of flattened sacs in
the cytoplasm. Thesed‘ tt 3 *‘-.-. Cisternae are stacked over each
other and make a s’t%t n as Golgi apparatus. It is found in both

plant and ani .1t modifies proteins coming from rough ER and packs
them into $mall 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

Cisternae ! In 1906, Golgi was 3 ‘:
awarded Nobel Prize for
physiology and medicine.

:.::’;';f;;or | 3 _ @@@m AR
e \@W
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Lysosomes were discovered By _Be} - .
These are small m angrbowd e Ies that contain digestive enzymes.
Lysosomes are pr ‘ -
Lysosoﬂwm from
Golgi apparatus. Cell
engulfs the food
material in the form of
food vacuole. Lysosome
fuses with food vacuole
and its digestive
enzymes . break down |particte

the food present in | \.

vacuole. Lyscsomes also
have  enzymes for

breaking cellular wastes. FIGURE 317 W@ﬁ
They also engulf the \é

damaged organelles - Lysosomes can store certain molecules
for Iater use.

on of Lysosome

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

Mitochondria are  double Ribosome
membrane-bounded organelles | DNA
present only in eukaryotes. The
outer membrane of
mitochondria is smooth but the
~inner membrane forms many
folds. These folds are calle
cristae (singular crj
increase the surface
respiratio

inner
membrane

Quter
membrane

FIGURE 3.12: A Mitochondrion

-like material is called _matrix. Mitochondria contain
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their own DNA and ribosomes. The ribosomes of c@@re more

similar to prokaryotic rlbosomes th

Plastids are ' n \.- Ided organelles present in the cells of plants and
photosy protists (algae). There are three main types of plastids:

chloroplasts, chromoplasts, and leucoplasts.

Chioroplasts are green i brar
plastids. They are present in the membrane membrane

cells of green parts of plants
e— Ribosome
o & \’L
{ ‘ ‘. " ..

and in algae. They contain
photosynthetic pigments e.g.,
‘--.-“-»-a T ™ 1hytakoid
Granum

DNA

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 to repar ﬂg\@
glucose. O

FIGURE 3.13: AChloropIast

Like mitw 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 pigmehts 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.
d in the
inthe cells of those

stems, seeds, roots etc.

Leucoplasts are plastids that have no pigments.

storage of starches, lipids, and pro
parts of plants where fn is ﬁk




Vacuoles

S e et A

These are single merh'brmahe.—;boand' sacs filled wit

fluid. Animal cell may have many m TN
. nces. ‘Why are the vacuoles

vacuoles. They contain
Some freshwater org amoeba and (called the wastebins of
sponges have tle* vacuoles which collect and ?the"ce*lﬁls? ;'
pump out a-water and other wastes. Some cells “tiiiiiili il :

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

Most mature plant cells have a : 1
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 V] i e
cyole in plant and animal cell

pushed to a side. Th&')s outwa SR
pressure of the vacuola{i@@
turgid. This pr p\edlled turgor pressure and the precess is called

tcplasm and cell wall makes plant cells
turgor. The r pressure helps in maintaining the shape of cells.

Vacuole

e\ @@m

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 centrioles in which both centricles are at right angles to each other. In
animal cells, the pair is called a centrosomeand 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,w spindle

fibres, which are responsible for the separation ' o auring cell

division. The cells which have cilia @r ain centriole near cell

membranes. These centri sal bodies. Basal bodies are
responsible for the fo % and flagella.
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Cilia and Flagella |

Some cells have thin, tail-like projections called cilia
flagellum). Cilia are short in length and are usually n
longer but less in number. Eukaryotic cilia and flagell
which surround a single central pair of microtubules.
basal body. Prokaryotic cells also have flagella but
Prokaryotic flagella are made of a protej ca

\

movement.

]

' Pa'ramecium

Microtubules

FIGURE 3.15: Structure of Centriole

Euglena

Tabie : Brief Comparisonbetween Pla-'n.'gt and Animal _Cel'ls

Flagellum

(singular cilium) and flagella (singular
umerous in number; while flagella are
a consist of nine pairs of microtubules
Cilia and flagella

thee, GO ;2_
ES‘@@ tion of cilia and flagella _is_-

nnected to the
etely different.

Cytoplasm | Jelly-like, with Between plasma Provides the site to
o : | organelles in it membrane and cell organelles, site of
E S | : nuclear envelope metabolic reactions
‘g Cell | Apartially permeable | Around cytop @ ( @ &ntts cell contents;
o mernbra"nel | membrane that fO"Ef @37 ©1-controls what
g; ; | aboundary ar%&@ substances enter and
E L eaiee] oyt (\, leave the cell
= | Nucleus @\\Jﬁ%@kﬁﬁ ot oval In the centre in Controls cell division;
= WW organelle containing animal cells, on a controls cell activities

i | DNA side in plant cells
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Cell wall A tough, non-living Around the out5|de Prevents mechantcal

outer layer made of of plant cells support; allows water
cellulose e ﬂ%\ U@@@o pass
Large A fluid-filled space @W\%éﬂw” Contains salts and
Vacuole surroun % ells water; helps to keep
membr plant cells turgid

Ch[oroplasw r?eWe Inside the cytoplasm | Traps light energy for
containing chlorophyll | of some plant cells photosynthesis

Plant Cells Only

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 Cell Structures

@ Plant cells have a rigid cell wall made of ce Ew @@@ structural

support and protection. ‘
® They contain chlo responsible for photosynthesis.
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 Ammal Cell Structures |

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

® They contain lysosomes, filled with en g@@ﬁ%wn waste
ials. ibute'4 @ up and recycling.




® They lack a rigid cell wall, allowing them to change shape easily. This

flexibility is crucial for cell movements, @ch@mte blood cells
Q

: moving to sites of infectiocr)i_ 0 fmw
3.4~ CELL SPECIALIZ Q@S&

e are different types of cells. Each type has a
special stry é'performs special function. When cells are formed by cell

division, are all similar. After their formation, celis 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.

In multicellular or

—

Upper
epidermis

Mesophyil Cells: These are green
cells present in leaves. They are
specialized for photosynthesis. They
contain large number of chloroplasts,
which contain the green pigment
chlorophyl! necessary for capy

Mesophyl
cells

Lower
epidermis

maximum n of light. showing mesophyli cells

light energy. Theip m |
arrangement in lgwo able for  FIGURE 3.16: Internal structure of leaf

epidermis  \ B

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 co gcg@@is Skeletal
muscle cells are long, striated. The are attac @ ey are voluntary
in action and their contragtio “ eton for body movements and
locomotion. Cardiac mus ranched and striated. They are found in
the heart wall dnvoluntary 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 regulate blood flow.

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 transmit them

to the cell body. Axons, the longer extensions WU@C)@@
nerve impulses away from the cell b@&@ 1
Red Blood Cell (Erythroci%@

ood cells are
specialized to car rom the lungs to the
body's tissues. y are biconcave disk-shaped cells.

This shape provides more surface area to absorb and release oxygen. They are
55

Dendrites |
" Cell body

— Axon

FIGURE 3.19: Neuren




ria, and en

re haem b@@@
Rﬁ%ﬁsm filled
@ ith haemoglobin

doplasmic

FIGURE 3.20- Red blood cells

Liver Cell: They are also called hepatocytes, They are e
specialized for a lot of important functions Iike:z:-a_‘ i ammornis
storage of glycogen,

detoxification of toxic
clotting proteins of

BENSTI00mes

activities required for makin
mitochondria provide the
Expansive network of
synthesis. There arg

neutralize toRR

collect and transport their secretion (b

Liver Lobuile (unit of liver)

Py

Division of labour refers to the

perform specific tasks mare
: Q)

enhances efficiency and f

Division of l.abour

a@
rts of a system to
; undamental principle that
biological systems (both within and

across cells). W o
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THE CELL o
i p@@m the various
organelles that each carry out distin L!\"f-' ecessary for the cell's

survival. For instance, mitoch energy, endoplasmic reticulum
synthesizes proteins ysosomes break down waste materials. In

this way, the | each organelle contributes to the cell's overall
survival, . 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 rise from a

single cell (zygote). The zygote is an ursp ‘ : atit has the ability to

make new cells which ca @ & specialized cells. Such

unspecialized cell thﬁ%ﬁ@ lity"to make a variety of specialized cell
(@)

Within Cells: Within a cell, this concept is exe

types is called st

During de ment, 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.

Stem cells

“‘n

Nerve cell

Epithelial cell Fat cell

gells
FIGURE 3.22: Differentiation of stem cell into specialized cells
57
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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 makagd blood cells and immune
cells.. . 5 m%“ . _

T Wihite ¢ In some parts of the body, such

’
L =

" ' bloodcells | as the gut and bone marrow,
- adult stem cells regularly divide
=40 produce new tissues for

Red bone [ @a : ma nff-' anc nd ?.paf_

marrow e ¥
¥ Stem cells \
=4 Red G0

e ‘ blood cells @0@@

@)
FIGURE 3.23: Stem ¢ 1% is
W@o

Platelets




The cell is the fundamental building block of life.

The primary wall of the cell wall is ma @emicellulose.
The secondary cell wall | ade
il

The cell membrane is ilayer W|th embedded proteins.

Cytoskeletorww\\” 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.
Chloroplasts are responsible for ph8to
Centriole is formed of 9 grou

0 i |
protein). %@ |
Nucleus is oval in shape and is surrounded by a double
membrane calfléd the nuclear envelope. '

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

Mesophyli 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.
m oxygen from the lungs

Red blood cells are a type of blood- a
to the body's tissues aﬁx = Fivi‘

exhalation.
Stem cells ar erentiated or unspecialized cells that can differentiate
into specific cells.

%,,
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A. Select the correct answers for the following questlons

1.

The process of cellular respiration occurs in: @
a) Nucleus % chondna

c) Ribosomes m m%@ d) Golgi apparatus
The smoow &
synthesis o

reticulum (SER) is primarily involved in the

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 @G@sis

c) Lipid synthesis ;%@ﬁ@&s@ esis

Which cell organelle i I5.{pvo ﬂ ard modifying proteins?
a) Nucleus Qﬁ b) Mitochondria

¢) Golgi ap d) Endoplasmic reticulum
Which cell organelle is responsible for breaking down waste materials?
a) Golgi apparatus b) Nucleus

¢) Mitochondria d) Lysosome

Which of the following cell structures is mvolved In maintaining cell
shape?

a) Cytoskeleton b) Centrioles

¢) Nucleus d) Lysosome

Which specialized region of the nucleus is re @@ﬁﬁor ribosome
assembly? Eé

a) Nucleoplagm ““ ﬁ&;@@@ Eﬂ;cleolus

¢) Chromatin d) Chromatin

What is the tion 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 “@Q_& W entnole

c) Plasmodesnﬂ d) Vacuole
1. WhICh @anelle plays a crucial role in energy production
el?
a) Endoplasmic retlculum b) Golgi ap'paratus
¢) 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) Mesophyl
13.Which organelle can double its number by itself?
a) Ribosomes b) Lysoso
¢) Mitochondria u-t ratus
14.Which of these are @m@ ace of rough endoplasmic
reticulum?
R:b b) Lysosomes

ndrla d) Vacuoles

B. Write short answers.

1. What are the main functions of cell membrane?

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

3. How do lysosomes contribute to the cell's functioning?

4. 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?

5

6

/. What could happen if lysosomal enzymes sto oiéwperly?
8. Why are the cristae importapt f ﬁﬂ: ?

9.

T

How are chro related?
0. Which typﬁ @m onsible for sending nerve signals?




i . A

1. What do mesophyll cells do in plant leaves? m
2. How would you define a stem cell? - w@o@(@
15.Name the chemical compou«%@@%@ -

a. Cell membrane %%m ~Fungal cell wall

c. Plant cel o d. Bacterial cell wall

e. Ribosonves f. Chromosomes ;

it o sl

14, Label the parts of these cell diagrams?

C. Write answers in de O

' Explain'the fluid mo @ e cell membrane.
. Describe tW nd functions of the cell wall.
*. Discuss thexomponents 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?

8. Write any four differences between 3 plant cell and an animal cell.

J. Describe the concept of division of labour and how it applies in
multicellular organisms. Give at least three examples.

10. Write a note on cell specialization. @w@o@@ﬁ@

D. Inquisitive questions. Q
I. What impact might mit«@ m Ction or absence have on other

organelles' abilj erate in a cell?
2. What may happen if the coordination between the ribosomes and the

nucleus were to fail, and why is it so important?
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Chapt e

CELLCYCEE

After studymg thlS chapter students wull be able to

o Cempare the processes of m:tos#s and mEIQSIS
° Qutlme the srgmﬁcam“e ef mftas:s and meto g o

The cell follows a regulasseri \% e “cell cycle” during its life.
This series includes sta owth, preparatlon, and cell division. The
process of i5ion 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 ts formation
¢ divided in two

to its division into two daughter cells. 2 \3 (I

main phases i.e. interphase and t
Q

Interphase Q“m

This phase about 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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S | - cEucycE
prepares itself for next division. Interphase consists of th wing three
phases:

©

O

G1 Phase (First Gap Phase): wo@the Mitosis phase. It is
also called the gro @ this phase cell makes proteins and
organelles and rc ze. Cell also makes enzymes that are required in
S phase Wﬁ@ﬁﬁcation 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
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After interphase, the cell : SR
enters the division phase =~ ~
and divides into the Many &lis st
daughter  cells.

s) remain in GO for indefinite perlods Some cell (e g.
events of ce :
- cells of liver and kidney) remain in GO phase temporarily. ,

controlled special | - Other cells (e.g. epithelial cells) do not enter GO andl

genes. All phases el contlnueto divide throughout life.
in a sequence. :

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

Table: Maln Phases in Eukaryotlc CeII Cyle

Phase e --_._:_._"Description _ _
‘The cell prepares for drwsnon and goes through growth in size and

lntorphm | DNA replication. -
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. R IR

Gap 2 (G2) The cell grows further. Cell e ures r @Meucomplete
Phase for division. r-\ O ﬂ

Gap 0 (GO) The ¢ its 8’ ing, often to carry out
Phase _ | spea i& xi?qc‘ap aII cells enter this phase).

its t:c m terll all to two new, identical
MPhase es gene aterial equally in 0 new, i tloa

AN
=

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.

Phases of Mitosis

The German biologist, Walther Flemming dlscovered the events W}oss in
1880s. There are two major phases of tosus
cytokinesis.

A. Karyokinesis: Karyo |V|5|on of the nucleus. it is further
divided into four

NRNN®
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i. Pro ﬁase
P O

During prophase, the @ﬂial condenses and makes

thick visible chro chromosome consists of two sister

chromatids a ™ a single centromere. The nuclear envelope and
nucleolu 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,

Two spindle fibres from both sides_ bind_ wj @O@@mosome. The
chromosomes attached with spin @@ themselves along the

equator of the cell. In @“m med called metaphase plate.
i\
W‘N} Nucleolus

Chromatin
Daughter cells

Centrosome

Spindle

Kinetochore

Chromosome
~Prophase (2 chromatids)

Attached
spindle

1 -
g{d‘ <

{
‘ ‘L Free spindle

o=

FIGURE 4.2: Phases of mitosis
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iii. Anaphase
The spindle fibres attached with chromosomes pull toward th s. Due to

this pulling, the chromosome's S|ster chromatids ay, there
are two similar sets of chromatids, &%@@ poles of the cell.

iv. Telophase m
In this phasew ope forms around each set of separated

chromosomes cleolus reforms. Both sets of chromosomes unfold back
into chromatin.

B. Cytokinesis: It is the division of cytoplasm. In animal cells, a furrow
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.

Cleavage furrm@ @@\N Je\d

Ring of Daughter cells

Cell wall Cell plate

Y

I \ \élm sis: (a) in animal cell (b) in plant cell
\ f




Significance of Mitosis
Growth: Growth in organisms means an

increase in size. It occurs due to @:r dse m ? °f sbout 200 trlon
\ | hese cells were formed from a '

in the number of cells, Mita!
ing ne i single cell (zygote) at the start of your !

crucial role in growt a«n
9 hfe Millions of cell divisions occurred'

cells that ar | he Orlgmal Ce”S whlle your body was reaching itsi

Cell Replacement: Many cells are | present form. In each of these divisions !
constantly dying in our bodies. For | the genetic material was equally:
example, the red blood cells and the cells | dlstnbuted between the daughter cells.
of the walls of intestine and skin etc. -!t haPPeneCl through mitosis. e
These are replaced by new ones which | ‘

.-.-._..‘

Regeneration: Some animals can
régenerate parts of the body. For this
purpose, they form new cells by
carrying out mitosis in the cellsoofc(/\

Q

remaining parts. Q :

O : '
Asexual reproducti ﬁ ' IS a | arm regenerated .
means for uction. For FIGURE 4.4: Regeneration in sea star
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.

Bud

New
Hyd ra |

FIGURE 4.5: Budding in Hydra

Errors in Mitosis
Sometimes the process of mitosis

goes wrong. For example, during the anaphasE g@l the sister

chromatids of a chromosome may fgll t ult, one daughter

cell receives both sister chro @ ther will receive none.
Chromosomes may also uring mitosis.

If the genes Wfb mitosis are mutated (changed), the cells continue to
divide. Due to this uncontrolled division, masses of cells are formed. These
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masses are called tumors. If the tumors remain i tion, they
are called benign. If they mi rat@a es they are called
malignant tumors Qf& sis(spreading of disease).
4.3- Mk

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-I and Meiosis-II.

Meiosis-| @@m
In meiosis-I, the homologou O @g @Wplmd cell separate and so

two haploid daug ﬁ@ g-. dced. It is subdivided into prophase-|,
metapW telophase-I.

Proph !

During this stage, chromatin condenses and takes the shape of chromosomes.

Fach 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.




CELLCYCLE

Non-sister
chromatids

Sister
chromatids

FIGURE 4.6: Crossing over
Other events of prophase-I 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-| !
The tetrads attached with spindl
they form metaphase -

fibres from both pol%
O

Amphasw
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 6@

©

ToNics

e

z e of meiosis-1, two spindle
IR-one pair of homologous chromosomes.




Spindle
Centrosome

Prophase-| ] Prophase-|

< S

Telophase-| An
B
. m‘\\@
Meiosis-l| OQ“ : Gt
MeiosisMsembles mitosis and consists of four phases: prophase-l|,

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

aph

In prophase-ll, the nucleoli and nuclear envelope disappear, and the
chromatin condenses. Centrioles move to the poles, forming spindle fibres.
During metaphase-ll, spindle fibres attach to the kinetochdres of
chromosomes, aligning them at the cell's equator. In anaphase-ll, spindle
fibres pull sister chromatids apart toward opposite poles. Finally, in telophase-
ll, 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. |

L}



FIGURE 4.8: Phases of Meiosis-II
Significance of Meiosis

1. 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. @ @©m
In flowering plants, specialized cells:n @w meiosis. The daughter
cells, called spores hayv Pﬁﬁ@%@Qromosomes. These spores grow
into new generation i | ers. This generation produces gametes by
mitosis. The%@ﬁ@&é’m to make zygote with full set of chromosomes. The
zygote undergoes mitosis and develops into new plant.
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2. Meiosis brings genetic dwem
Crossing over creat u gen s on chromosomes. Each

chromosome in the es a unique set of genes. When diverse
gamete ents combine, the resulting zygote is genetically
dlfferent both parents. In this way, meiosis contributes to genetic
diversity in populations.

Cells of Parents
with homologous

chromosomes
Meiosis

Gametes

with homologous
chromosomes

FIGURE: 4.9: Meiosis creates cells with new combinations of genes
Errors in Meiosis
During meiosis-l, chromosomes separate while during meiosis-Il 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%T&

A ANERE

rphase (S phase) before both divisions.

Similarities

1. DNA replication o

2. Both with a parent cell that has chromosomes in pairs.
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ﬁﬁome VISIb|e

apparatus

mf a spmdle

se, anaphase, and telophase. However,

- and meiosis-Il.

melow
In botk \divisions, sister chromatids separate. In mitosis, it happens during

Cytokinesis occurs at the end of both divisions. During cytokinesis, the

3. In both divisions, chromatin condenses and chromosomes
during prophase.
4. Both mitosis and meiosis inyolve
5. Both involve pro etap
l.e., meiosis-
6.
anaphase. In meiosis, it happens in anaphase Il.
7
cytoplasm divides and two new cells are formed.
Differences

Table: Difference between mitosis and meiosis

Mitosis -

Meiosis

A parent cell divides only once, two daughter
~cells are produced :

A parent ceil undergoes rsrons, four

daug‘_gfr\ il AT .l

W c}gome number is reduced by half

daughter cells.

Chromosome number in daughter cells C
remains the same as the “
Variations are -

Wew—w 5

_' Variations oocur-dué- to crossing-over

« AN
Occurs in Somatic cells.

Occurs in germ line cells.

Homoiogous chromosomes do not form Y
pairs, S otEs dsiates

@ fe Hornologous chromosomes form pal r

o T £

No crossing over occurs durmg prophase

Crossing over occurs during prophase’

Single chromosome alsgns to form B
metaphase plate. |

_ -Homo{ogous parrs ahgn to form a metaphaca
| plate.

# ]

During anaphase, chromosomes break ano
individual chromatids are pulled towards
poles.

During anaphase-l, individual chromosomes
are pulled towards poles.

Occurs for growth, deveiopment. and

maintenance of multicellular orgamsn'rs

M

%ﬁ@\i&muuw :
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Meiosis-1

Meiosis-Il

Homologous
chromosomes

Synapsis
&
Crossing over

Pairs of
Homologous
chromosomes

| attached to spindle
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' ' CELLCYCLE

e Cell cycle is series of events startmg after cell ¢ w 0 @@@t division.
® By mitosis a cell divides in @@@ and each daughter cell
receives the same es as were present in the parent

cell
» DuringMof 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.

e 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, growth, celI eplacement,
regeneration and asexual reproduction

half the number of&

® During pr .!\ losis, homologous chromosomes form pairs. The
non-sis hromatids 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.

® Meiosis maintains the chromosome number in next generatuon by making

haploid gametes. Meiosis produces variations W
| Y\fg\ 0 @Rﬁ

Y\R\ \\,\
QN ¢
WY 28




A. Select the cdrrect answers for the following questions.

1. In which phase of cell cycle, maximum growth occurs in gell?

a) M phase h

¢) G1 phase Q @@@%} Shase

. In which phase of ce %ﬁé& osomes duplicate?

a) Mitosis eﬁ b) G1 phase
c) G2 phaw d) S phase

. 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.

. At which stage of mitosis chromosomes line up in the centre?
a) Prophase b) Metaphase

¢) Anaphase d) Tgopé@m
. If you observe a cell in which nyclegr mearpiice orming around two

sets of chromosomesé hat .. 3!:‘.@ this?

a) Anaphase %%@ b) Telophase

c) Prophase o d) Metaphase
. How does the centrosome contribute to mitosis?

a) Initiates DNA replication b) Makes mitotic spindle

¢) Forms the nuclear envelope d) Duplicates organelles
. Centrosomes make mitotic spindle in: .

a) Animal cells b) Plant cells

¢) Prokaryotic cells d) All of these

. 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 m
AL

b) 4 chromosomes and 8 chromatids @Wa
¢) 4 chromosomes and 4 chro@;ﬁ@@

d) 8 chromosomes an% tds
meiosis but not mitosis?

. Which evenw
a) DNA replieation b) Chromosome alignment

¢) Crossing over d) Nuclear division
12
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10.Why is meiosis-|I necessary after
a) To replicate chromosomes

nafl@@w
b) To reduce chrom “

) To separate si c atids

d) To enwm recombination

B. Write short answers.

Enlist the events that occur during the G1 phase of interphase?

What is the main purpose of the S phase in the cell cycle?

During which phase of mitosis sister chromatids separate? i
How does crossing over contribute to genetic variation in meiosis? {
What is the role of spindle fibres in mitosis?

How is cytokinesis in animal cell different from plant cell?

What is the difference between prophase of mitosis and prophase-| of

meiosis-|? @W@
8. How does meijosis differ from mito%_ijs @m%@&e number?

NOoUbhwn-

9. What are the key events of ana
10. What is the function
11. What are sister
12. How is mi

e during cell division?
ids;-and when do they separate in meiosis?
ated to the process of regeneration?

C. Write answers in detail.

1. Describe the events that occur during the phases of mitosis.
Describe cytokinesis in animal and plant cells.

3. Describe the significance of mitosis.

4. Describe the events that occur during the phases of meiosis-I.

5. Describe the significance of meiosis.

D. Inquisitive questions.

1. What role might mistakes in the cell cycle checkpoin y@!@’@ﬁ
emergence of cancer? o ﬁ 0
2. Why do skin cells divi%@@ ut an organism's

existence, Wr@ S permanently exit the cell cycle?
' O
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Char 5

TISSUES, ORGANS, AND ORGAN
SYSTEMS

After studylng this chapter students will be able to:

L O

.‘. :'--Dlsﬁﬂgt]léh between txssues organs and organ _systems Nith
~ plants. e :

o.-"Enhst the diﬁ'erent typ' o tis

~ humanbody. T\
é"i'iﬁlscuss th_ 'o \N*‘ & that come tagether to form the human body
» Describe ff '\ antages of hameostasrs e
» Discuss how 'vanous organs and organ systems of the human body work to mamtam
: g.fhamecstasw : ; A | !

‘» Discuss the dlﬁerent }ypes o tissue that come together to form the leaf. \_
¢ Explain plant physnology in terrns of structures and roles of various plant organ& s

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 they perform the functions of life.

@y@@here are different

5.1- LEVELS OF ORGANIZATION

Organisms are built on a pattern of inc
levels of organization g—:;r;e\,ld impler and higher levels are
increasingly complex. organization in multicellular organisms
begin with t X Nkt \aitd smakest level i.e., the atom, and progresses to the

Iargest and%st complex level i.e., the organism.
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to Z

property of an element. For 2 u ‘!- dgen, oxygen.

different pr '

protein; C acid.
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. O@@@

Tissue: In multicellular organi E&E@W sues. A tissue is a
group of similar ce w er to perform one or more
specific functions.-E tissues include: '

e In awﬂo

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

o Muscle tissue — enables movement (e.g., cardiac muscle in the
heart).

e |n plants;

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

o Vascular tissue — transports water and nutrients (e.g(( lem and

phloem). ﬂ@c’@@
Organ: An organ is a structurs m lated tissues working

together to perfor g S” Examples of organs include:

s

e |n ani
and

] mps blood through the circulatory system),
acilitate gas exchange)

e In plants; Leaves (conduct photosynthesis), and roots (absorb water
and nutrients from soil).
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/- Organ System: An organ system consists of ti@@ws that work
o)

together to perform related functi W es”of organ system
. O
include: ; : gﬂm

- Q ;

e In animals - @% stem (transports nutrients and oxygen
thr he"body) and digestive system (breaks down food and
ab 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.

+ FIGURE 5.1: Levels of organization

In organisms, the comp :
level do not work solely. Instead, they &
interact. Due to their interactions, thay+
Create new functions c e RIS By
properties. These i hat 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:

81
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O

1- From Organelles to Cells; | “have specific functions.

hin a cell, they create a complex

However, when the; 0
system capable of arious cellular processes, such as cell division,
energy production.

protein

2- From 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- From Tissues to Orgaris: 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
blood throughout the body.

4- Frcm Organs to Organ Systems: Multiple organs working together form
organ systems, which carry out vital functions For
system is composed of organs lik :
intestines, and liver. These ' ot dlgest food but the
coordinated act:on ble the digestion and absorption of

nutrients.
(o}
5- Froi@@@arnwwstems 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.

Roots Roots are us .
absorb water and -

that the

eir growth

82




TISSUES, ORGANS, AND ORGAN SYSTEMS

Roots: Roots anchor the plant in the soil and m mj essential

minerals from the soil. Roots als st@r plant uses for their

growth.
Stems: Ste @@Iowers and fruits. Stems contain vascular

ms su
tissues (wlMam) 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
sexual reproduction.

In plants leaf is a complex organ made of various re The major

tissues that form a leaf are: @ﬂ
1- Epidermal Tissue: T M ade of epidermal tissue

(epidermis). The upper sually covered by waxy cuticle, which
reduces water l ides protection. The lower epidermis also contains
guard cells. een two guard cells, there is a tiny pore calied stoma (plural
stomata). Stomata control gas exchange and the loss of water vapours.

2- Mesophyil Tissue: This tissue is present between the upper ancd lower
epidermis. It consists of cells which are rich in chloroplasts. It is the site of
photosynthesis. 1ere are two types of mesophyll in the leaf.

* Palisade mesophyll: 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 gaseg e leaf.

phloem tissue. Th N[N : leaf conducts water and minerals from the
1O Teaf cells. Phloem tissue transports the products of
photosynthesus (sugars) from leaf cells to the phloem of stem.
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epidermis

Palisade

' mesophyll
é-.—Spongy mesophyll

Xylem

Phloem

il Lower
Stoma>": — : epidermis

FIGURE 5.2: Tissues which make the leaf organ

Guard cells

Organ _SYSftéms"ianlants

An organ system consists of organs th W@%@@@m essential

functions. Unlike animals, pla anisms, so their organ
- systems are less comp} ain organ systems i.e., the root

system and the sh m root system consists of roots which anchor
the plant. -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.

Flower
Helps in
reproduction

Leaf
Shoot ; . Performs
system photosynthesis

Fruit

Root
Absorbs water

syst A o~
%‘m and minerals
MR 5.3: Organs and organ systems in Plants
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5.3- ORGANS AND ORGAN SYSTEMS IN Hi, d .
Organs i in Human Q‘@@ S i
Various organs a ;; E ;ljman body, each with specific functions. Here
are a few Mmpodant 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, |nclud| nng blood,

producing bile, and storing glucose
Kidneys: The kidneys are r waste products from the

blood and producin T

Stomach ach is a muscular organ that breaks down food using
digestive enzymes.

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 responSIbIe for
the partial digestion of proteins. It also stores food. It is composed of the

following tissues: m
1- Epithelial Tissue: The inner wall “'- E?elial tissue. It is
glandular in nature s es \ ‘ s lines the inner wall and
protects it from a =" also secretes gastric juice that contains
enzyme W proteln digestion and hydrochloric acid for activating

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

3- Muscie Tissue: There are threS a g@ scles: the outer

longitudinal layer, the middl e inner oblique layer. These

muscle contract an @ ith the gastric juice.
4- Quter issue: It is the outermost layer that encircles the

stomach supports it. |

Epithelial tissue

Ceonnective tissue

Musclie tissue

Connective

i T A 2 \ o e L s
T e _?:- W v e
a A 4 (8
3 ) oy \
i LN i
R , . e
.
¥

v-examples of organ systems WhICh 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 (windpipe), and bronchi.
This system is involved in the exchange of gases OXY . @rbon dioxide)
between the body and the enwro d

Muscular System: I@ scles which attach to bones. These
muscles contract S. It allows movements and locomotion in the
body.
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Cartilage

Bone

Skeletal Digestive Respiratory
system system & system
Brain

Skeletal
muscles

Spinal

Blood
vessels

Blood
Muscular }} circulatory
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.

i [ﬂ’%" wa maintain a

k"& omeostasis is defined

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

T T e S R
. i . ;

R TR v o LA L : b U
Homeostasis plays a \O“ A in\su orting overall health and well-being. For
example; o

® Each Cell is 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.

5O T

® 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 PG 0@@@@generate
heat. o
%@@@ﬂ
QOIS
Body el ~ Body temperature
Nﬁ&m °C - rises above 37°C

[N

 Sweat glands secrete

 sweat. As the sweat

_evaporates, heat is lost. .
- from the body.

Muscles start shivering.
Shivering generates
heat.

Normal body
\ temperature
Body temperature

rises to 37°C Q‘YA A Rl 6 37
oay temperature

it
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rises. In this situation,

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 of Organ Systems in Homeostasus -

Several organ systems work together for homeostasw 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 bod ' ?mqgen for
cellular respiration. It als exg@jm;S ide from the body.

Cardiovascula e regulating body temperature

and pH le sures that all cells receive the necessary
S (Pproper 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. | @
C’m@@@@@@@
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TISSUES ORGANS AND ORGAN SYSTEMS

- _ hcttons

her to perform a specmc

fu nctton

e Organelles are the subunits of a (S m
® A tissue is a grou%“ ‘@%

® Organs- s made up of more than one type of ttssues havmg -
~ relatedfunction that work together. . -

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

® The epithelial tissue of the stomach secretes gastric juice, whlch contams
mucus, HCl 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.

° _xyiem and Phloem are the vascular tissues T%b@@@nspomng

- water and nutrients.

® Homeostasns is deg- d
_mtemal enwronm

o aintain a relatively stabde
changes in the extemal enwronment

- together for homeostaSts

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.
¢) The individual parts are more important than the whole. i
d) Its parts interact to perform more functions.

2. Which of the following demonstrates the I s @@ion of the ,
body, from simplest to mos
a) Cell - Organ —»d’ gan ystem
b) Organelle — Ce rgan — Organ system

_M_



2 TISSUES, ORGANS, AND ORGAN SYSTEMS

c) Tissue — Cell - Organelle - Organ — Organ system m .
d) Organ system — Tissue — Cell — Organell O@@
3. At which level of organizati s&@@ $ between body and

environment? ®)
a) Organelle leve] | \é{\i\@@ ria
b) CelIuWﬁMﬂ/eolar cells
c) Tissue'evel 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
9. 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 @G@
¢) Epidermis %ﬁi@@ em

7. What is the primary tissue in a leaf?
a) To transport j% er parts
b) Totr er 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
¢) Phloem tissue d) Spongy mesophyll

10.In a plant, which of the following is the prima 5{@@ ower?
a) Transporting water and minara &@W@

b) Supporting leaf grg w

¢) Facilitating reﬁrgf%m g

d) Regulati thange

pollination
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B. Write short answers,

Enlist the levels of organization from cellsto o am@ ‘
. What are the major roles of the pithelialsi In the stomach?
. How do the smooth muscl ﬁ&@ e stomach’s function?

2

3

4. What is the fungti € mesophyll in the leaf?
5. What is the OOt system in plants?
6 :
-
8

- W Stasis, 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
ii. Root system and shoot system
iii. Epidermal and mesophyll tissue
iv. Palisade and spongy mesophyl|

C. Write answers in detail.

—

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

2. What s a tissue level? Explain plant and anj u

3. Describe the tissue com “"How does each tissue

contribute to the di e stomach?

4. Describe the ion of the leaf. How does éach tissue

contrib ctions of the leaf? -
5. Ho € organ systems come together to form the human body?

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

Explain the functions of various plant organs.

Describe the structure and function of the plant root system.

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.

1. How does the structure of epithelial tissue relat S@@‘m in different
parts of the body? 0

Q \ é > \
2. Evaluate the importance o ‘é"‘"\ orking in harmony and predict
the consequence@ ' one system on the others.
? QNNJ 92
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BIOMOLECULES

After studying this chapter, students will be able to:

s Define bsochemlstry/ molecular biology. S
_Outlme the various types of common biomolecules (Carbohydrates Protelns L1ptds DNA.
RNA) including their locations inside the cell and mainroles. .
- Define carbohydrates and outline the structure, function and sources of carbohydrates i
Identify carbohydrates as monosaccharides, disaccharides and polysacchandes

Outline the structure and function and sources of proteins with structure of o a«:lcﬁ‘s~ _

Outline the structure, function and sources of lipids. @@
Describe briefly the structure of DNA : i g ‘ wa

5@

3 pro‘t_etns

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 n ic acids

(DNA and RNA). They are mostly large in size and fée\}rfp;l% Iecules

Biomolecules play cruc:al roles m\ thecs g@ Sns in orgamsms
| ales and their functions.




'BIOMOLECULES.

I.ocatton in the cel T

Proteins

,Qe{lm

Endopfasmlc retlculum

Carbohydrates o Cytoplasm A@\X\B \Aéﬁfas source of energy
“ 0 Act as energy storage molecules

 Many Pproteins act as enzymes
- Some hormones are proteins

- Make membranes and many other

(Deoxyribonuclelc @

Nucleoid region

- Golgi apparatus ~ structures in cells
_ ' | * Lysosome, m:tochondna _Control cellular traffic
Lipids  Cell membrane Act as energy storage molecules
¢ Cytoplasm Act as heat insulators
Make structure of cell membrane
DNA ' * Nucleus (eukaryotes) Carries genetic information for the

development, funct;omng, and

Acnd) : (prokaryotes) : _charactenstlcs of organ;sm o

* Mitochondria
. ' . e Chloroplasts
RNA (Ribonucleic | ¢ Nucleus Carrles genetrc lnf tion from
Acid) * Ribosomes DNA C motem '
i * Cytoplasm VM ]

SR\BERS

Biomolecules make thg> Of protoplasm. The remaining 7%

of dry mass compr

| ins and inorganic substances like carbon

dioxide, acr salts
Table: Per h“ ge of a_agmql,ac_ulgs in the Dry Mass of Protoplas)
Blomolecules |
o Proteins
Nucleic acids 18
Carbohydrates 15
by Lipids 10 )

e
o

[}
L&
I

¢ substances Energy is used |
\ comp!ex molecules are bmke@

......................................................................................
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6.2- CARBOHYDRATES @ @@\?@
a e

organic compounds
s in water). They are also known as
. They have the general formula Ca(H20)n
. There are three classes of

"Carbohydrate" means hydra

Monosaccharldes (S|mp|e sugars) are made of smgle 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.

Ribose Deoxyribose

FIGURE 6.1: Common pentoses

6CH;OH

l

OH o
l 2I
H

Glucose Fructose
““@ mon hexoses

_WW______
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2. '-D-isacchal?idés_' i S

They are made of two monosaccharides units, They are Iess©u@@le in water
and are less sweet in taste. _ W@C@
Examples: %O @@@
® Sucrose (table S‘W 0
fructowca

* Maltose is made of two glucose molecules.

K>two Monosaccharides i.e., glucose and

Glucose Fructose Glucose Glucose
subunit subunit subunit subunit

q--..___.‘.-.--._..:_ ........

osaccharides units. They

the . most -abund'ant-
steless.

Examples: _ e i

® Starch is a storage polysaccharide found in plants. It js composed of
~ straight as wel| as branched chains of glucose units.

* Glycogen is the animal starch mainly stored in liver and muscles. |t

glucose units. It is found in th

* Chitin is a modified t is found in the exoskeletons of
crabs, lobsters andhj ~Italso makes the cell wall of fungi.

96 '

* Cellulose is 3 polysaccharide that a§ m%@ chains of
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Glycogen Cellulose

FIGURE 6.4: Polysaccharides

Sources and Functions of Car
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@m cereals.

o Polysaccharides:Starch is foundin c \ k:c
rice etc. \\j@x@@
Functions: O“@

o Carb ate the primary source of energy. Glucose is used by
cell produce energy through cellular respiration.

y,Darley, maize,

o 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).

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

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

i
%%@@@@@W@ o
m@&@? 2 97
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6.3- PROTEINS 2 @ “Y
Proteins are the m olecules in cell. They are defined as the

polymers of ami o . Proteins are important for the structures of cells,
They Mte in everything organisms do.

Amino acids

Amino acids are the organic ' """"" N
molecules that join in specific | Essential RIS “’#‘--Thesﬁ:al’e'fhe 09,
b d sequence to make | 2MINO acids which cannot be synthesized by:
e ‘er st : Ifﬁq.ur_quy:andare supplied by fog .
proteins. About 170 types of amino ¢ = el g \ :
; : § N clds:—These are 11
acids occur in organisms. However, |

ik o]

: : : ' dmijmo @dids) 1 at car .' synthesised in our:
20 types of amino acids parti (Badied) \\ ) \ v e
in making most of the iAS) X oo i
An amino acid j molecule_made of an amino group (NHy), a
carbo ), a hydrogen group (H) and a side group (R) which are
attached"to a central carbon atom:
R
I
H2N —IC — 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

CHs. H CHs
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AE)

fish, eggs, milk,

pulses, beans etc. ProteB ns in our bodies, including:
e Proteins are r% rt of all cell membranes.
) O - .
e So Ins e.g. collagen and keratin make almost whole structures

- of cartilage, hair, and nails.

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

* Some proteins are hormones. They regulate body processes.
e _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.

e Some praoteins called antibodies (part of our-i %@@;gefend

the body against harmful p%@ |
Q

6.4- LIPIDS T |

Lipids are Wﬁounds 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.
H

H— C— OH

H-C—OH

H—é—OH
H

Glycerol - @@m

Fatty acids are long hydrocarbon chains wit! @ FCOOH) at the
end. There are two types ¢ fﬂ@%@
S Fg } E 99



BIOMOLECULES i

* Saturated fatty acids have interna %@@nded with

maximum number of hvdromen 3 uﬂ ot have double bonds
between caﬂa % ateq

atty acids are solid at room

temperature
oy acids have one or more double bonds between
on atoms. They are liquid at room temperature.
; H H
HHHHHDO H H Al ?
A e e s e - it
. H=C-C~C=Cc~C-C-0OH H-c-c-c#° (,3 daiesss:
P e e T H
HHHHH H HH
Saturated fatty acid Unsaturated fatty acid

Main Groups of Lipids
1- Fats and Oils

Fats and oils are the most familiar
contain one glycerol and thr

Glycer m
s A

contain saturated fa are solid H— ?“ Fatty acid

at room te &g, animal fats. On the H— C— Fatty acid

other h M 0ils contain unsaturated fatty }[,

acids and so are liquid at room temperature Fats 5hd itk

e.g., plant oils such as olive oil, corn oil, and General structure

coconut oil. Glycerol

2- Phospholipids H

These lipids make the core of all membranes. H— ?~Fatty acid

A phospholipid molecule consists of one H~ C— Fatty acid
lycerol, two fatty acids and a phosphate |

g9y o Rias H— C— Phosphate

group. 'f_| group

Sources and | Ph ids

o e s das ol 6\ G@@ Cture

Sources <30

Sources of lipids from animals 3
of lipids from plants , Ive oil etc. Plants synthesize oils and




i _ BIOMOLECULES '

store them in seeds, such as sunflower oil, coconut oil, groundnut oil and corn
Functions @ @

e Lipids are the m Tﬂﬁ@ ecu es. They serve as a long-
term energ @ form of fats in adipose tissues. When the
body nergy, these stored lipids are broken down to release
fatty acids and glycerol, which can be used as fuel for energy.

e 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.

e 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. W@ @
6.5- NUCLEIC Acmg% Q@@@@
Nucleic audsw @cules that are composed of units called

nucleotides. A eotide is made up of three components:
1. Pentose sugar (ribose or deoxyribose)
2. Nitrogenous base
3. Phosphate group (POa)

Phosphate group

Wucleotlde

General structure

Pentose
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There are two types of nucleic acids:
1- Déoxyribohucléic:-Aci'd (9 NA).
(de-oxy-ribo- -nucleotides). In this

DNA is made of g \ -
nucleotide, the pe @ at 1S deoxyribose while the nitrogenous base may
be adenij Ine (T), cytosine (C), or

guamne

In 1953, US blologlst James Watson and Brltlsh*? ;
biologist Francis Crick proposed the double! ,, fw e ﬂ,smve,y of thef
helix model of DNA. According to this model: E auble helix structure of DNA. |

. RS ST B SR e s

* DNA is a double helix molecule. It is made of two strands of
nucleotides. '

* Both strands are coiled around each other.
* The nitrogenous bases of one strand make hydrogermnds with the

nitrogenous bases of the opposﬁe stragdw@ @

”
Strand Strand

W d&@ Double helix model of DNA
102
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The paring of nitrogenous bases is specm

forms a pair with thymine of @0

a pair with guar&
There are tw

e strand
Y, cytosune forms

%ﬂﬁfﬁ

onds between adenine and thymine and

thr onds between cytosine and guanine.

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 mformatlon to the next generatlon

2- Rlbonuclelc Acid (RNA)

RNA is single- stranded

consists of ribonucleotides.

ribonucleotide contains ribose s
instead of deoxyn

ribonucleotide,
base may (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.

(o Ribosomal RNA
Constitutes the
functional compo
ribosomes

Its stra nd

ur‘{“’% Anii

chinery for protein synthesis.

RNA Strand

N-bases

B Cytosine [] Adenine

é&@@ Uracil

103

FIGURE 6.6. Structure of RNA




‘“-e & consists of thousands of nucleotides.
10lecule, there are specific segme

of specific sequence of nucleotides that carries

n for the synthesis of 3 specific protein.

Segment
of DNA
(a gene)

MRNA

nts called genes.
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¢ Biochemistry is the study of the substances and chemical processes that
_occur within living organisms.

« Molecular biology is the s@ @@W@%@p function of the

biomolecules m
« Biomole !)% cules produced by organisms. They include

carbohy ipids, 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

« Starch is a storage polysaccharide @W ogen is the animal
starch mainly stored, m%
e Celluloseis a & ound in the cell walls of plants.

e Chitin is odified 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.
e Proteins are the most abundant macromolecules in a cell.
s 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.

. Protelns are an important part of all cell membranes.

» Lipids are organic compoundsd a @@er but are soluble
in organic solventso%

* Satu ratw%

ngle bond in carbon-to-carbon atoms
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Unsaturated fatty acids have one or more double bonds meen carbon

atoms, - @(}@@

Lipids serve as a long-term en @@@ e form of fats in adipose
tissues. c@%

Lipids are ess nents of cell membranes,

DNA | uble-stranded molecule while RNA is a single-stranded
- molecule. Both DNA and RNA are composed of nucleotides. o

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 nucleotides. i e form of
| éo@‘i@\@@!'

messenger RNA (mRNA) is called transcripti YZ |
Ribosome reads the nucleom@m RNA and joins specific

amino acids accordi protein. It is known as translation.

WWWO -

- 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

d) Make membranes ﬂ\

- How will you differentiate bety *Q@i s and polysaccharides?

a) Monosaccharides Wﬁ}

b) Polysaccharid e n taste.
QR
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¢) Monosaccharides are present in plant cell w ﬁa @@@

d) Polysaccharides dissolve easgj
3. What is true abog ell

uman digestive system.
ides 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
c) Collagen d) Keratin
5. Which component of an amino acid determines its unique properties?
a) Amino group b) Carboxyl group
c) R group (side group) d) Hydrogen group
6. Which proteins are involved in defence against pathogens?
a) Antibodies ‘ b) Myosm

¢) Fibrinogen
7. Which of the following are the@Am
a) Amino acids atty ac:ds and glycerol

c) Nucleotides 9&5& d) Simple sugars
8. HOWW fatty acids differ from saturated fatty acids?
a) They-have 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.
10. Which components make up a nucleotide?

a) Sugar, phosphate, mtrogenou @@Y

b) Amino acid, sugar, nltr
c) Fatty acid, phn@ nous base

d) Protei

e

nous base

107




| BIOMOLECULES

11. Which nitrogenous base is found in RNA but not in DNA?
a) Adenine b) Thymine

c) Uracil @@m
B. Write short answers. @@ﬂa

What are the main fu \OF arbohydrates in the body?
How do the thr p_of carbohydrates differ in taste?

Name twoW&onosacchandes 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.

T 08 od AU U e

Write a comprehensive note on the structures and roles of the three
classes of carbohydrates.

2. Discuss the functions of protelns o @@W@ @
What are fatty acids? @ e,

4. Describe the basic str and oils. Explain how lipids play role in
energy stw o

5. Explain the'double 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.

o

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

Roti(40gm), Burger, Cucumber, Egg, @@W@

fries(100gm),Carrot m
RV s
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ENZYMES

After studymg thls chapter students W|II be able to

De -:'ne metabohsm, catabctism and anabohsm wnh exam les.

efine enzymes and describe their charactenstlcs i
Desmbe and depict | the n_aechanssm of enzyme anﬁeﬂ
; "-cnbe'the factors which could mﬂuence enzyme acnvrty BT
'_'ig-;__ ,Bescribe cumpeﬂtwe and non-compeutrVe enzym_e _mha z-a AN

Enzymes are remarkabl protei : & ol chemlcal reactions that
would otherwise occu % ed In this chapter, we will study the
unique char

ymes and uncover how they perform their work.
We will al re 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 i.e,
catabolism and anabolism.

1. Catabolism involves the breakdown of
comp!ex molecules i.nto simpler ones, Hummlngbtrds e
releasing energy in the process @@es S
Examplesmclude (r@:}e@' S ned eaté
e (Cellular re% stantly to keep up therrg

glucose mto CO, ' energy levels. :
energy Qe R s SRR S e S R o
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e Lipolysis in which lipid (fat) is broken into fatty acids and glycerol,
which can be used for gettmg energy.

2. Anabolism involves buuld:n @%m simpler ones.
This process consd.j

J Photosyn CO2 and H20 are Jomed to make glucose
u t Oxygen is also produced as byproduct.

e Protein synthe5|s in which proteins are formed by joining the amino
acids.

Larger molecule Smaller units
Energy

t‘.w‘
Smaliﬁm or ' molecule
E 7.1: Types of metabolism

1.2~ _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 R it iR e :
‘Some RNA molecules,also act as'

' bo-““ is called’

gozZvVine: O beozymes are E

Chemical nature of enzymes: Enzymes are
predominantly proteins. Typically, th%y CQ

100 to 1,000 amino acids. “ Q 2 pri .rlly found in ribosome.
Q | They are also found in specnﬁci

G.lobulgr structure: .ss a three-: oiees and mena -
dimensional tructure. This structure' : _ e
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allows them to form active sites that can bind specifically to substr ﬁs.

Specificity of enzymes: Enzymes ar hI tions they
catalyse. They are also very spe Q&ﬁé su strate For example,
the enzyme amylase sp@ reakdown of starch into simple
sugars.

Intracellu extracellular 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
e Prosthetic groups tightly bind

ions. The organic cofactors are of two types. @
e are certain
vitamins (e.g., biotin) and

e Coenzymes IooO @@ e enzyme and may be released during
the reagti es include many vitamins and nucleotides (NAD

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.

Use of enzymes in different industries: Enzymes have extensive applications
in various industries. For example:

 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.

e Paper Industry: Enzymes degrad W&, viscosity that aid
in making paper. Q
@8@“
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e Biological detergent: Protease enzy @é} removal of
protein stains from cl @; used in dish washing
to remove re@

e Ferme y: Enzymes degrade starch and proteins to

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 Model @@m
!

Action “ Enapne
This mode y a German chemist FIGURE 7.2: Active site of

Emil F 894. 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.

Active site

Products

Enzyme-Substrate
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Th d I r d b A an b st\Dante shland in 1958.
is model was p opose y an ‘i P

According to-this model he a

interacts with the enzy
Products

wm
1 et

Changes in
FIGURE 7.4: Induced fit model of enzyme action

Active site active site

7.4- FACTORS THAT AFFECT THE ACTIVITY
Enzymes are sensitive to their w@a @ t of an enzyme is

affected by the followm% ct
1. Tempe @ Optimum temperature for

; ratur
W human enzymes (37°C)
Each enzyma&/works 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 !

20
well above the optimum g@‘m
temperature, heat breaks the j\ﬁr\i w/@

Rate of reaction

: \) P
bonds in enzyme mole Effect of temperature on enzyme
this way the globular str activity

enzyme s W
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denaturation of enzyme. It results in a rapid decre ‘ f enzyme
action. S\@@

2. pH “ k@

Enzymes Mﬁsutwe to

hydrogen ion concentration (pH) Optimum pH for Optimum pH for

of the fluid in which they work Pepia Lo tacl) trypsin (7.8)

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 R WY T S T

: ; 1 2-3 &4 -5 6 J=8" 9
have different optimum pH

v o SapES PG AN AL
values. For example, pepsin in Nl e o \o

stomach works in acidic medi 2 @ :; :5;\&\3 i
(pH 1.5 to 2.0) whil& I{W\B‘&“ .6: Effect of pH on enzyme activity

small mtes&Wg medium (pH 7 to 8).
3. Substrate Concentration

An  increase in  substrate All active sites
concentration increases the rate Sipica
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 is called J

saturation of active sites and '

reaction rate does not increase. W @m
J\M\V\

““‘@% RE y ik & Effect of substrate concentration

Rate of reaction

e L T

Rate of reaction

on enzyme activity

114




ENZYMES

7.5- ENZYME INHIBITION @C@@m
Certain substances, called enzyme irfhi % nzyme and decrease its
activity. This phenomenonj me inhibition.

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 Inhibiton @~

Some enzyme inhibitors do not have similarity t O@@mhe\y do not
attach to the active site of enzyme. Ri&@@@ to some other location
Il

of enzyme. This attachm all shape of enzyme and also the
shape of active site. ég ged active site does not fit substrate and
O

enzyme is inhj mples include heavy metals like mercury and certain

drugs used in cancer therapy.

Competitive
£\ inhibitor
’ :g?::;st:nth Non-competitive
- : inhibitor

So, substrate
cannot attach.

Competitive Inw e Non-competitive Inhibition

FIGURE 7.8: Types of enzyme inhibition

nges shape

of enzyme and its
active site.

So, substrate
cannot attach.
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The biochernical reactlons occurring ln In\n 0 0@%@5 are called

r
metabolism.
\! to orm large molecules In

are broken down into smaller molecules

In anabolism, smalbn
catabolism, lar ‘)

Enzymes oteins that catalyze (i.e. speed up) biochemical reactions
- Enzymes are highly specific to the reactions and also for the substrate.

Intracellular enzymes operate within cells e.g., enzymes of cellular
respiration. -

Extracellular enzymes are secreted outside the cells to catalyse reactions
e.g., enzymes working in stomach cavity for the digestion of food.

Cofactors are the non-protein molecules required by enzymes to be fully
active. |

Inorganic cofactors include metal ions like iron a%lm@@%s@m ions.
The organic cofactors are of twarty

Prosthetic groups m%@ @thich tightly bind with the
enzymes e. (e.g., biotin) and the haem group .
Coeane organic cofactors which loosely bind to the enzyme
e.g., many vitamins and nucleotides (NAD and NADP). :
Enzymes work at their maximum rate at optimum temperature and pH.

The catalytic region of enzyme molecule is known as active site.

According to the lock and key model, the active site of enzyme has a fixed
structure.

According to induced fit model, when substrate interacts with the enzyme,
active site of enzyme is reshaped to perform its function.

Inhibitors are substances that interfere Wlth and bl%;@ an enzymes
activity.

Competitive inhibitors res e. They compete with the
substrate for the sz&%‘ (o] an enzyme Examples are antibiotics.

A '\"N JRtitive’ in ibitor bmd.to a site on the enzyme other than the
active site. Exarnples are heavy metals and certain drugs used in cancer
therapy. L |
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. Primarily, all enzymes are; o mw
a) Nucleic acids %@@@ )Proteins
d

—

ENZYMES

. Select the"'c_brrect énswers i‘br the foilowli:ﬁg&c-l.ués'tidh | g
2O

c) Carbohydrates O%@ Lipids

Whichw& enzyme?

a) A chemical that breaks down food.

b) A hormone that regulates metabolism.

c) 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.

* ¢) Enzyme will speed up the reaction and remain stable.

d) Enzyme will become a substrate itself.

Enzymes are specific in their acgo be W@C’@@m
a) Their active sites fit spea@&@
b) They are a|way :
C) TheW \ & In reactions.

d) The 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. .C@!{-!‘!- e shape.
c) Attaches and blocks the ti@ < the cofactors.
AP

An enzyme work laced in an acidic solution with

a pH of 4.0. Ho the enzyme?
a) The@@&ﬁ}\?n

be modified, reducing substrate binding.
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@@&
ve in an acidic environment.

¢) The enzyme will gain a
d) The substrate ﬂ
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.

¢) No shape changes occur in active site or substrate.

d) Substrate attaches the enzyme at a site other that active site.

-

Co™

sed H ions.

b) The enzyme will catalyse reac@p

10.What is TRUE about the optimum pH values of the following enzymes of

el ol o

0 0N o

digestive system?

a) Pepsin works at low pH while trypsin works at high pH
b) Both work at high pH

¢) Both work at low pH

d) Pepsin works at high pH while trypsin works at low pH

B. Write short answers. @ @@@
an

| &

Define metabolism. Differentiat \d anabolism.
Which type of meta @ o) energy? Give an example.
S

Define an enzym ole in metabolism?
What _|
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.

C. Write answers in detail.

|
2.

Describe the characteristics of enzymes.
Describe how temperature extremes can inhibi - p and lead
to enzyme denaturation. 3 @@

How does pH affe% nz
Describe the facto e activity of enzymes.

Compare -Key and Induced Fit models of enzyme action.
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Chapter 8
BIOENERGETICS

After studying this chapter, students wili be able to:

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) reactions are fundamenta @mbolism of
organisms. In these reactions,ele

oxidation, moleculg) d duction, it gains electrons. This
electron flow is erating energy in the form of ATP during

8
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processes like cellular respiration and photosynthesis. Bioenergetics is the
study of energy transformations in living organisms.

8.1- ATP: THE CELL'S EN CURF
Cells use a special eneﬁ mr their
reactions. Thj nucleotide called
adenosine triphosphate (ATP). When cells
store energy, they make ATP. When cells
need energy, they break ATP. ATP molecule el

has three subunits i.e. adenine, (a nitrogen containing base) ribose (a five- .

carbon sugar) and three phosphate groups.

Phosphate groups

m Adenosine 0

TAdenosme monophosphate (AMP)

Adenosine diphosphate (ADP)

Adenosine triphosphate (ATP)

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.
Formanon of ATP

WW et T of ATP

FIGURE 8.2: ATP-ADP Cycle
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The breaking of one phosphate bond releases about 7.3 kcal (7,300 calories)
per mole of ATP.

ATP + H.O — ADP + P; + energy (7.3 Iical

In common energy reactions oply -energy bond breaks.
When this happens, ATW nosme diphosphate) and one Pi
is released. IWO is further broken down to AMP (adenosine
monophosp nd Pi:

ADP + H>O = 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 | @0@(@(&@

Autotrophic organismso g‘:%ne bacteria) use inorganic raw
materials to prepa ic food. The organic food is in the form of
carbohydrate arbohydrates 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 equatlon for photosynthesns is as follows;

6 CO; + 12 Hz. + photens - CsHuOs - 6 Oa * 6 HzO
carbon drexlde + water + Itght energy glucose + o ﬁn - water

O

Mechanism of Photosynthes |
Photosynthesis occurs O% i.e. light reactions and dark reactions.
Light reactio%’:\g@w}a& on the thylakoid membranes of chloroplasts. Dark

reactions take place in the stroma of the chloroplasts.
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1- Light Reactions §
During light reaction, light energy is used to E .

make high-energy molecules oA m 5
NADPH). Followmg et \i‘@ : nzyme aiso carries phosphate i
light reactions: K s CH“Ed NADR. -

; VM&J yll-absorbs light, two b g SEELBRE 2 e Sl i 5
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.

e Light also breaks water molecule. Oxygen is released while hydrogen
atoms give electrons to chlorophyll and become hydrogen ions.

e The electrons of chlorophyll, after the productlon TP, and the

hydrogen ions of water are mto NADPH
(Nlcotmamlde Ademn ate - reduced) )

Energy for the
synthesis of

WW@ E 8.3: Light reactions of photosynthesis
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2- Dark Reactions (Calvin Cycle)

During this phase, carbon dioxide is reduced to make glucos i@details of
Q(@ Su

dark reactions were discovered by Melv CaIv
dark reactions:

mmary of

CO2 molecules ?

co
3-ca

—carbon compounds to form 6-carbon
~carbon compound is unstable and splits into two
n compounds.

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.

The 3-carbon carbohydrates are also used to regenerate the original 5-
carbon compounds. This step also utilizes ATP.

B8
56,58
()
3 molecules of
6-C compounds

@@@@ 3888

5 molecules of 6 molecules of
3-C compounds ATR 3.¢ compounds

‘ NADPH ] / Glucose
*—-‘:mff A

388888 7. g g

6 molecules of

3-C carbohidrate SW@ @ m
FIG ?@%@tl ns of photosynthesis

_M_——
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Role of Chiorophyll in Photosynthesns

The thylakoid membranes of chloroplasts contaln plgments rophyll-a is
the main pigment. Others are called accm “and include

chlorophyli-b and carotenoids. @

Pigments absorb sunl%& :1 & e :
; | gments are the su stances t at :
chemical ene 0 osynthesns Only © absorb visible light. _Different

about 019 e light falling on the Ieafl pigments absorb lnght of dlﬁerent
surface is absorbed, the rest is reflected or . wamleng_ths/(cojgufs)

transmitted. The blue and red lights carry out “eo.oo .o ...
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.

R

When a pigment absorbs light, reactions occur in it and its electrons are
released. The high energy electrons pass through electron transport chain and
their energy is used for the formation of ATP a - NADP to
NADPH.

8.3- CELLULARR @8&“@@@

Organisms w@@@@%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

1- Aerobic respiration

'1‘.-—.--'--_——. -------------

tin anaerobic process, ;
is called aerobic respiration. It is the complete  many C-H bonds of

oxidation of glucose with maximum release of energy.: fwd are.
In its first phase, a molecule of glucose (6-C) is bro @_. |
down into two molecules of p rw@; ieh (3

molecules of pyruvic ac are ey ddized (all C-H bonds are broken)
and all energy is releas m

' unbreken
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2- Anaerobic Respiration (Fermentation)

.

Cellular respiration that occurs in the absence of oxyge anaerobic
respiration. In anaerobic respiration, g '“ﬂ ' «6‘-"« tely oxidized with
less amount of energyiTe . & is exactly similar to that of
aerobic res_piration[ @ F{\S Ucose is broken down into two molecules
of pyruvic %acond phase, pyruvic acid may-be treated in two ways:
A. Alcoholic Fermentation: g
During anaerobic respiration in bacteria and!
yeast etc. pyruvic acid is further broken:_;?;}.,
down into alcohol (CzHsOH) and CO.. This
type of anaerobic respiration is calledi @i = ooy o
alcoholic fermentation. deniinie et e
2(C3H403) ———% 2(C2HsOH) + 2C0O

Pyruvic acid Ethyl Alcohol

B. Lactic Acid Fermentation: - Yf@
ic Aci r ion = YJ@O@@

During anaerobic respiratio cles of humans and other

animals, into lactic acid (C2HeOs). This type of

pyruvic aci
anaerobiWﬁﬂv alled lactic acid fermentation.

2(C3H403) + 4H —  2(C3He0s3)

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
cufficient to fulfil the demand, the skeletal muscles carmut anaerobic

respiration to get energy. = ®§]@ 0@@

Scientists have usegfer nd bacteria for making useful
products for manki es. the fermentation in bacteria is used for
making ogurt. Fermentation in yeasts is used in brewing and
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baking industries. Similarly, the soy sauce is made through the fermentation
by a fungus.

0@@@
Mechanism of Cellular Respi @@w@
For the study of all céllular respiration, we will go into the
mechanisW' piration. There are three main steps of aerobic

respiratio

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-C)

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 comple 0@@%@’@ carbon
dioxide. It results in the formationé)f % - compounds i.e.
NADH and FADH: (Flavin deni% otide\" reduced).

A
WO“
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e < RES
g IRy
W O““m NAD

W

NADH

Acetyl CoA
(2-0)

CoA

2 CO,

Krebs Cycle

ADP

ATP

~N 1) o@©m

F.Gumm&@m 2

This ste n the inner
membranes of mitochondria 3ADP 3ATP O

During it, NADH and FADH: NADH NAD
change back to NAD and FAD

3- Electron Tran

by releasing electrons and | H.O
hydrogen ions. The released
electrons pass through an 2ADP 2ATP O,

electron transport chain and

release energy. This energy is FADH: ;'H" FAD
used to make ATP. At the end H,0

of chain, electrons and

hydrogen ions combine with FIGURE 8.7: Electr
oxygen and form water. @ %X

_ﬁ@m@}.—_—
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Use of Respiratory Energy in Body

Respiratory energy (ATP) produced duripg ¢
various ways: ' Q ‘@
t

1. Muscle contractio

AdivW- stances
Synthesis of biomolecules

. Replication of DNA and mitosis

& W N

Transmission of nerve impulse
Maintenance of body temperature

N o own

. Break down and elimination of toxins from the body.

Table: Difference between aerobic-‘an_d anaerobic réspiration
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Table: Difference between photosynthesis and resplratlon

TR

. P

AnaboIICﬁr %MK\@ m}‘%yocess

st ﬁ_"_____: . m m the Bond energy of food is transformed
WN f bond energy. | into ATP | ,

| Some bacteria, all algae, All organisms
- | and all plants

: Chloroplasts ~|n cyto.pllasm and mi'tochondrié
| In green parts only In all cells A

| In daytime only, in the All the time
| presence of light

Glucose
1l
3
m
Pyruvic acid : ﬁ
-8
Mz # 6 ;
Acetyl CoA s
B
o
-+
le)
o
=

FIGURE 8.8: An overvie OMMNPS reduced by the aerobic oxidation of
W o glucose
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‘l"ml'm““"“:&'v\* SRRl

In oxidation-reduction redoxi%@s

21 E

y @.m
5\ are transferred between |

molecules.

In oxidatign, fplegule'toses electrons.

In reduction, it gains"el.ectrons.

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 and
makes ATP.

During dark reactions carbon dioxide i is reduced to make gm%ﬁf
Anaerobic respiration is the mco Iet cose in the
absence of oxygen while aer % t complete oxidation of
glucose in the preser

During QWQ
acid.

During Krebs cycle, pyruvic acid molecule is completely broken down into -
hydrogen ions, high energy electrons and carbon dioxide.

e is broken down into two molecules of pyruvic

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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A. Select the corr ‘x : ¥ i i
. 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) Chlorophyli a b) Chlorophyll b

c) Chlorophyll ¢ d) Chlorophyll d

Which wavelengths of light are absorbed to maximum by chlor lIs? .
a) Green and blue o - : a. c’
¢) Red and blue @

When yeast ferm products are;
AICM b) Alcohol and water

¢) Lacticacid 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 ) Fer

How many ATP molecules are t Wﬁ%ﬁse molecule
during anaerobic respiration “@@

a) 2 “Q

b) 4
d) 36
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10.What is a common byproduct qfjana @W o i
a) Oxygen . m% t
c) Lactic acid ““m | d) Carbon dioxide
O

B. Wri ers.
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 ol

Which organisms carry out photosynthesis? Which cell organelle is
responsible for the absorption of light for photosynthesis?

7. State the main purpose of cellular respiration?

8. State the equation (in words or symb MQ@@@
9. Write a brief note on the rom in\aer respiration.

10. Define anaerobi 2 iration.

11. Wh ' ;ﬁ

12. Howdo muscles respond to oxygen deficiency during intense exercise?

roducts of anaerobic respiration in animals and yeast?

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

2

3

4. Explain the types and importance of anaerobic respiration.

5. Outline the mechanism of aerobic respiration. |
6.

D.

Compare the processes of respiration and photosynthesis. m
Inquisitive questions. @

@\
1. How does the structure of w gmwd release energy

efficiently? Q

FNNMC&X 1132



Chapter9
PLANT PHYSIOLOGY

After studying this chapter, students will be able to:

@

Plants exhibit remarkable efficiency

in

processes. This chapter will explore | environ

will

enable plants to no
transport
exchang gases with the

Define mineral nutrition in plants.
Categorize minerals nutrients of plants into macronutriep

sand
State that nitrogen is important in ézr S r’:‘ a
formation. é‘
Conceptualize tranépart e %%
Explain the internal ““‘ oot and root hair. ;
Deswﬂ e up water and mineral salts by active and passive absorption.
DescriBe'transpiration and relate this process with cell surface and stomatal opening and
closing. :
Describe temperature, wind and humidity as the factors affecting the rate of

nts.
chlorophyll

.

PRV
el

- 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 osmotic adjustments in plants.
Autotrophic organisms obtain water,
carbon dioxide and minerals from their

s

carrying out essential life

[}
'
r
[}
L]
i
[

study the 08 ___mﬁ'nphilclor-ganjsms obtain their food

Xk‘ #IVES, ¢ from other organisms e.g, most bacteria,
nutrents, & ang all protozoans, fungi and animals.

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

environment, and maintain a stable internal environment.
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9.1- NUTRITION IN PMN@) @@w@°@©

Nutrition means the od is prepared or obtained and
converted into bo s for growth and energy. Nutrients are the
substancwmgyﬁy organism for energy, growth, repair, and maintenance.
Mineraf NUSHHEHIRPRIG G RE sy

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 are O utrients e.g.
iron, molybdenum, boron, copper, mapy vaﬂ\" orine, and nickel.
‘k

Following table descri m
lants.
oW

Table: Rolw ﬁi;eral Nutrients in Plant Life
Macronutrients | RoleinPlantLife L
Corbon | Major component of afl biomolecuies

portant macro and micronutrients in

respiraton

Phosphorus | ComPonent of ATP, nucleic acids, and coenzymes, necessary for

ulates the opening and closing of the stoma ()




rwolved in the actMtles @f yme &;phatosynthesis and

| respiration

Requlred in a large number of enzymes

| Involved i in osmosis of water

' Requrted;. _ln.-a nitrogen metaheiis‘m
Roles of Nltrogen and Magnesuum

Nitrogen is a necessary part Y @©
proteins, enzymes andHuclei '. L ) plants trap and digest small |
also a part of chloro ammals Such plants fulfil their needs of

1 mtrogen from the prey ammals ,
Hncreasing seed Wil s S aseatiasteR Rttt 7

oduction and improving the quallty of Ieaf Plant roots absorb
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.

Magnesium is part of the chlorophyll. It === siassdrianesdedniadesenrnnitpacs i
also activates many plant enzymes | When a plant faces N or Mg deficiency, ut
needed for growth. It also helps in fruit transports these elements from older to

formation and germination of seeds. younger leaves. So, the yellowing of | '
. leaves is seen in old leaves first. If

Plant roots absorb Magnesium in ionic | yaficiency continues, this Symptom ;
form (Mg?*). If sufficient amounts of | progressestotheyoung leaves %
magnesium are not available, plants SSISSIESRISETIGS

begin to break the chlorophyll in leav Th of leaves i.e.,
chlorosis. After prolonﬁed ma vées may also drop.

D BT
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(a)

(b

FIGURE 9.1: (a) Chlorosis due to Nitrogen deficiency, (b) Chlorosis due to magnesium
deficiency

9.2- 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 toe I

mlner

Plants get water a

Similarly, the food prepared by
leaves is transported to other,
parts of the body. In all land plants:
(except mosses and |iverworts),"l.

the transport of water, salts and;*

food is carried out by xylem and |
phloem tissues.  Xylem is:
responsible for the transport of:
water and salts while phloem is:
responsible for the transport of:
food. Before studying the;
mechanism of transport of water:
and salts in plants, let us see ha : O

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 region of lower solute

solute
S not_

concentration to a reg

S
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Internal Structure of Root and Uptake of Water and Salts

We know that roots are the organs which absorb a from the soil.
The internal structure of a root shows s that help the roots

to perform this functiog,% mm\x

Water & salts
moving through cells Pericycle Xylem Phloem
f _ Endodermis
Waterw@’w\\ﬂ ' Epidermis
movingthrough
cell walls Root hair

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 difference centration of

salts in soil and root hair, water moves 5 (passive transport) from soil
to the root hairs. Fro ' ith dissolved salts moves to the
other cells of epider s“

(o]

Cortex: It i&@%@ﬁne of cells just inside the epidermis. Water moves from
epidermis to cortex.
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Endodermis: It is the innermost boundary
of cortex that receive water from cortex.

twn pathways to fea h the

Pericycle: It is a narrow layer of cells : (l)“mmughthece“s.. o

present on the inner side of endodermis.

- '-—-.4.-\‘.—;——-»--——--

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 transparatlon occurs through stomata and is ed stomatal
transpiration. In leaves, water moves f e cell walls of
mesophyll cells. From the moist _
the air spaces of the Ieaf pours then move towards the stomata
and then pass t |

Upper ——t e
epidermis -

Mesophyll £
cells

FIGURE 9.3: Events of transpiration
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Mechanism of the opening and Closl_ng of Sto

Lﬁ‘ ‘n prratlon is a necessary ewl :
in the turgor pressur Alt‘hough transpnration is the Ioss
sausage-shaped the only | . of water from pFant but, yet It’
epudermal@@%ﬁf contain chloroplasts creates a pull on the water'
Their cell wall is thicker on the inside and | columns in the xylem tissue. of |
thinner elsewhere. When guard cells become Ieaves, stem and root. This putl 1s
turgid, they become bean-shaped. In this ! ible for the mﬁsport of,
condition, the inner sides of cell walls of both | w d salts from rcotto Ieavwes. -

[ 5/

guard cells move away from each other. So, ““*-
the stoma between them opens.

Stomata open and close because of é‘

Events during daytime: Thte 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 mis. So, water
moves from epidermal cells to guard cells b g@@@ cells become

turgid and their inner sides m r In this way, the stoma
between them open ntratlon remains high in guard cells
because they the5|s and prepare glucose in them. So, water
stays in th hey remain turgid.

Guard cells Epidermal cells

Chioroplast ——-

Vacuole

NJSJ ﬁ Open stoma 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 turg W @@‘@@es touch each

other and the stoma closes.

®* 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 stomat : more surface
area transpire more than th -r-- es In most plants
the number of s @‘“ rface is greater than on the
upper surface. @ ate of transpiration from the lower surface
is g 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 puil.

When mesophy!! 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 roots. The continuous water

column is created due to three reasons: (i) the for %@ among water
em v

molecules, (ii) the narrow dla terpof i) the force by which
water molecules are %@ essels.

When one wat ves up by the xylem of the leaf, it produces a
tension on trre water column in the xylem of leaves, stem and root. As a
result, the entire water column is pulled upwards.
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F
WWN&UGURE 9.5: Transport of water in plants

9.5- TRANSLOCATION OF FOOD IN PLANTS
We know that inside the plant body, food

is transported from one part to the otheri |
through phloem tissue. For:
transportation in most plants, glucose |s§
converted into sucrose. The mechanismf‘
of the transport of food in plants is called Sa

pressure flow mechanism. Acc &
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At the source site, food (sucrose)
enters the sieve tubes of phloem
by active transport. Companlo

Companion
cell

for this active mdm’es
higher soly 1

sieve tubes than the nearby

xylem tissue, water flows into

sieve tubes by osmosis. In this Mesophyll
way, the fluid pressure in sieve cell (source)

tubes increase‘s 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
tubes into the xylem. It reduc

fluid pressure in sieve %
b the

to higher WL
source tha ink, food flows FIGURE 9.6: Transport of food

. in bulk towards the sink.

9.6- GASEQUS EXCHANGE IN PLANTS

During the daytime, all plant cells are carrying out cellular respiration while their
green parts are carrying out photosynthesis.

* |n 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.

So, during daytime leay
] 0
the environment. Duri

is no photw ,
releasing carbon dioxide.

s are carrying out respiration while there
e plant is taking in oxygen from environment and
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. _ cOWE
Process of Gaseous Exchange mv SO R
In plants, the gaseg % ody and the environment occurs

through the su KV rmis of root, stem and leaves allows the
een the inner cells and environment. At some parts a
le 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

Air
enters Stoma

(a) - | (b)

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

OW@% '
WJ\\U cgl 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 Oxygem

During the day, plants use the arbo @ ‘n\i' n cellular respiration
for photosynthesis. Ho ?ﬁ&% Whe photosynthesis is not occurring,
carbon dioxide A\ e product. Plants release this excess carbon
dioxide th ir general surfaces and stomata.

Similarly, the oxygen produced 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.

: %@mxﬂa water by

1. Transpiration: During the d
hes of transpiration: stomatal

transpiration. You know that
transpiration, cuticu%x
O

Stomatal Cuticular
Transpiration Transpiration
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2' Guttation: At night, When Stomata arej‘-_ """""""""" e AT

closed, many plants store excess water in their { AAtIon S gliftbrent from dew
C@' Dew means the water

. 5 2 2 = X0
xylem tissue. This water is removed durin g-the 0 _
afops on the surface of leaves
day. Some plants, such as 2\ )3 : | j
e . - formed by the condensation of
specialized mecha tion to§ == : :
water vapours present in the air.

remove exces al night. Guttation e Lol T R
involves M@gﬁ of water droplets through small pores 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 leaves fall, plant body also
gets rid of these wastes. Some plants excrete their e@@ﬁﬁh special pores
by applying force. For example, rubb e@ﬁm '1atexes, Acacia (keekar)
tree excretes gums, cg %ﬁ% ( créte resins, and ladyfinger excretes
mucilage.

WWNN i\
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Latex from Rubber plant Gum from Keeker tree Resuns from coniferous tree

FIGUREQ 11: Excretlon 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 efflc icle on their

surfaces minimizes water los d d\an
keep their stomata t nsplratlon Examples of rnesophytes

include mai er, and rose.

2. Hydrophytes live 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 bodlsurface has
very few stomata. It is also covered with thlc u%(:& reduce the
loss of water. Some xeroph es )}gﬁ Cactus) store water
in their specialized stems or roots are soft and juicy
and are called\ ul ans.

4, Halophﬁés%e in habltats 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
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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 leaf of (2)- Broad leaves of
tomato (a mesophyte) waterlily (a hydrophyte)

(3)- Succulent stem of (4)- Salt crystals on the leaf of
Cactus (a xerophyte) a sea plant (a halophyte)

FIGURE 9.12: Osmotic adjustments in Plants

Ol
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3

ey

';-..' \‘/r'_\ = \,\
(AN ANCOL
are obtained or prepared
es for growth and energy.

+» Plants -‘-,;- '_:é’n for protein synthesis and Magnesium for chlorophyll
formation.

¢« 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 osmosis, moving
water into the plant’s vascular system. {

« Transpiration is the loss of water from plant surface through evaporation. b
i

« Water moves up the plant through xylem vessels, reaching leaves and other
parts. This process is driven by transpiration pull. |

ﬁl@@@m xylem vessels

» Water molecules stick together (cohesion O
mn from roots to leaves.

(adhesion) It allows them
e \ : i
» As water transplreﬁl\i it generates a pull in the xylem, drawing
e roots.

water

« Transport of food 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.

e The high concentration of sugars in phloem draws water from xylem into
the phloem by osmosis. It increases pressure at the source (leaves).

e 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. '

o At the sink, sugars are removed from the phloem. It reduces pressurée and
allows water to return to the xylem.

= 0 .:I;
¢ Stomata in leaves regulat @a@@@g@&@hw@ balancing the
8} L ]

needs of the pla Q
e On thwmadability of water), there are four types of plants
es, :

e, m Ohydrophytes, xerophytes, and halophytes.
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E)(ERCISE

- | a @.\«g@
. Select the correct anm M stions.

. Which of the fol

rients is required in large amount?

a) lron b) Zinc
¢) Potassium d) Boron
Which element is required by plants for the formation of chlorophyll?
a) Phosphorus b) Calcium
¢) Magnesium d) Sulphur
The primary function of root hairs is:
a) Transport of nutrients b) Storage of food
c) Increase surface area for absorption d) Synthesis of proteins
Root hairs absorb salts from soil by;
a) Diffusion b) Osmosis
c) Active transport Filtr g @©
Water moves from the soil intgroqs
a) Osmosis (m e transport
¢) Diffusion d) Bulk flow
The transgj @gulated by;
a) Mesop b) Guard cells
c) Xylem ' d) Phloem
. Under which condition, there will be high rate of transpiration?
a) High humidity b) Low light intensity
c) Wind d) Waterlogged soil
Which ion plays a role in the opening of stomata?
a) Sodium (Na") b) Potassium (K")
c) Calcium (Ca*") d) Magnesium (Mg*")
In most plants the fodd is transported in the form of:

a) Glucose b) Sucrose c) Starch os

e
10. What is TRUE according to the pressure flow @@ ransport?
a) Water enters the source, cr t|

b) Water is pulled fr

¢) Movement of f
d) Solut

is due to gravity
ow to high concentration
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11. Succulent organs are present in:
a) Xerophytes
c) Mesophytes

Q
. Write short answers. Q“m%

B

1. Define mi ion in plants.

7. Define macronutrients and micronutrients and give examples.

3. State the roles of nitrogen and magnesium in plants.

4. Define transpiration and its types.

5. How is the transpirational pull important in plants?

6. Transpiration is the loss of water from plants. Is it a harmful phenomenon?
If no, what is its importance?

7. Differentiate between:
i. Xylem and phloem
ii. Transpiration and guttation
iii. Hydrophytes and halophytes
iv. Hydrophytes and xerophytg >
v. Lenticular transpira
How do th EB

MBer and keekar excrete their wastes?

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.

Nescribe 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 bodies?

4

5

6.

7. Describe the process of gaseous exchange in ‘f‘ﬂ @@m
8 s fo

9

8
C. Write answers in detail.
1
2

W

Describe the mechanisms/adaptati axcretion of wastes.

9. Explain osmotic adj W ytes, xerophytes and halophytes.
D. Inquisitiv :

1. 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:

production . binary fission, buddi

You know'that 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 cuttin mraﬂing will
also be discussed. \ ,,\\w\ij\\ﬂ SR

10.1- TYPES OF @@M@SW

Some comm&&&je% s\ \ E’gxugl reproduction in different organisms are
Jsiisie

given W{R
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1. Binary Fission @
Binary fission means division in t m& od of reproductlon

in bacteria. During binany fis \’A-‘m{i‘ A replicates and-the daughter
DNA molecules mo 0, oppos sides. Then, the cell membrane pinches in.
New cells Wé’smed in the middle and so two identical daughter cells

bacteria are"produced.

) () ) (@@

1. Parent 2. DNA nepllcates 3. Cell membrane 4 Daughter Bacteria
Bacterium ' pinches in

FIGURE 10.1: Binary fission in bacteria

____________________________

Many protists (unicellular eukaryotes e.g. S
Amoeba Euglena etc.) also reproduce by blnary ' :I"me mlﬁnanam‘

ally by
flssmn In protists, the nucleus of parent _ Iy by
@ d ;

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 -
fungus). During budding, a part of the parent: Some a“'m"’_"seg hf"’" a!??__:
organism grows out from its body. This part is : bt s 'by'

buddi :
called a bud. When the bud has grown big, it may * ﬁ% @ m .......

separate from parent body or may rerpai nfm
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A bud forms Bud grows

and new buds form
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 sporangium bursts and (o %
spores are released. o\ xgﬂ .
Spores can towm
conditions due eir thick 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 ¢

They form endospores
environmental conditions. Even if the original

2 new bacterium. ®) Y\
RN
4: Vegetative Prop\ﬂ%@@ 2

is a methods! exual reproduction in plants. In this method, new plant is
oroduced from the vegetative part (root, stem or leaf) of the parent plant.
183

/



: PLANT PHYSIOLOGY

Vegetative propagation takes much less time to .ﬁ neration as
" 0115

L
compared to the sexual met m‘i sting are genetically
identical to the parentp agatiormay be natural or artificial.

e Natural t agation is a process where plants reproduce on
the ~using structures like stems, roots, or leaves. S
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 producing new plant.

: -
SO
i g

o 1):‘ '
A R R

ool

The fllowing types of

1. Stolon (runner): It is a
horizontal stem that grows .
above the ground. Astolon

Stolon New plant

has nodes where @ | (runner)

leaves and ro he' - /
leaves QMS 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 below the ground. It has nodes
where new leaves and roots grow. In_this wa p@ s from each

node. Ferns, ginger, and sugarca Sofadlice b Drhizome.
MC&X
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—— Tuber Rhizome

FIGURE 10.6: Vegetative propagationin  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.
Ao
@ ves. Almost all of a
~fun

ional leaves on the outside.

5. Corm: It resembles the bulb but-doés
corm consists of stemy, nith 2 \(‘.

Dasheen and garli¢ fepro@ & by corms.
Yo

Fleshy
leaves

Bud Bulb

FIGURE 10.8: Vegetative propagation in FIGURE 10.9: Vegetativ
onion (through bulb)

opagation in
m)

o

T

oS

Suckers are new shoQ "ﬂ’%q‘“&' e base of the parent plant or from
its under ts. 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 - | @m 5 s N
The leaves of some plants (e.g, W@&odiﬁed for vegetative
propagation. Such leaves ha at argins. When leaf falls on ground,
the buds grow into%%iﬁ?@(”

= . 5

I o\ ]

Modified |eaf
/

Bud

FIG RE émmleaf of
5 @phyuum
W\
10.2- AM PROPAGATION

Artificial propagation includes the methods in which humans produce new
Plants by using the Vegetative parts of plants. |t includes techniques such as
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 | S

In some plants, 3 piece of stem or a piece of root can form a n lant. Such a
piece of stem or root that are cut from a plant a g@@i@ew plant is
called cutting. Cuttings are widel use ouseplants, ornamental

trees and shrubs, and some fr and grapevines are grown from
stem cuttings. Sweet p rom root cuttings.

AN



" PLANT PHYSIOLOGY

Point of

Parent plant
FIGURE 10.12: Using Cuttings for vegetative propagation

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. almond, plum, chs @@@ny ornamental
trees and shrubs. 5

Parent plant

New plant

FIGURE 10.13: Grafting

Advantages and Disadvantages of Vege :@@@agation

,.../f‘* ~
Advantages: Vegetative pro ,d . \t)o produce many new plants in a
short time. The new 7Tike the parent plant, so they all have the
his means useful qualities, like good fruit or strong

same goo rstics.
growth, are passed on to the next generation.
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Disadvantage: Plants produced through vegetative propagatron do not have
genetic differences. In other words, all the offspring are o it, they
are equally sensitive to enwronment ch@& m € same diseases

or pests. Qgg

10.3- SEXUAL N IN PLANTS

The majo 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 %ﬁe. j

Mitosis ™

FIGURE 10.14: Alternation of generations in plants

Life Cycle of Angiosperms : n" a @

In angiosperms, rower@ exual reproduction.

SRl !
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Parts of a Flower

The receptacle is the swollen tip of a fg)stg @,g@@marts (are

attached. It serves as the base that\ Suppg s structure.

O
Floral parts are in th r% f the foHowing four concentric whorls, or rings:
O

1. Calyx: e outermost whorl. It is made of green leaf-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 of the female reproductive
structures called carpels. A carpel consists of three m

i. The enlarged base of carps é&@@ ar
is the part whe e\ o8 v ) ced. Ovules

SAUES ring reproduction.

talk-like pért attached to ovary is called ¢
style.

iii. The tip of style is called stigma.
Carpel

/

| I ] L}

Ovary Stigma Style

Anther
Stamen

Filament

Stamen

FIGURE 10.15: Parts of a flower
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An anglosperm plant represents thmn When a flower

and make female and male
gametophytes The i

are small structures consisting of few cells
only. They Wthh combine to form zygote that develops into
new spor
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.
Mitosis
: X (3 times)

Meiosis Megaspore

V WG ary

Fusion J
nucleus

Egg

Megaspore
mother cell (2n)

Embryo sac
(female gametophyte)

Megasporangium
(Ovule)

FIGURE 10.16: Develop
O

The resulting stru ontains seven cells (one egg cell, one fusion
nucleus, n-functional cells), is the female gametophyte or embryo
sac. . ,
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2- Development of Male Gametophyte (Pollen Grain)

The pollen sacs present in anther act as micros gi @@@Dollen sac
contains many diploid microspo fospore mother cell
undergoes meiosis an % microspores A microspore
undergoes mitosis. r o-celled structure is a pollen grain, which is
the male ga e. One 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.

Microspores (1n)
Meiosis @ @
o O

Mitosis

© Microspore
mother cell
(2n)

Tube cell

Generative
cell

WY

FIGURE 10.17: Development of male gametophyte (pollen grain)

3- Pollination

ey Tt o -

The male gametophyte (pollen grain) : _ eanthertethe )

contains sperms while the femjcﬂe "'3'r;éjr.}6the_rﬁﬂoﬁrer':
gametophyte (embryo sac) contains  slf-po fination. '
egg. The pollen grains are transferred She e e

: the anther of one

from the anther to the stigma so that
the sperms can fertilize the egg. It is
called pollination i.e. the transfer of
pollen grains from an anther to a
stigma. Q

ower on a different
called cross-

B i

4- Fertilization m@
When pollW igma, its tube cell forms a pollen tube. This tube

grows thro 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 enerati Il of pollen

grain forms two sperms, which enter th m egg.
%ﬁ te. The zygote eventually

O
develops mto an emb d sperm fuses with the fusion nucleus,
producing nucleus. 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

@ P Pollen grain
/Meiosis @ (* T N (male gametophyte)

Microspores
wlination

Anther

Fusion
nucleus

Embryo sac
(female gametophyte)

Micropyle
Sperms

Egg

Endosperm

Poll
Endosperm : nucleus (3n) L

tube

Embryo

~ Seed (2n)
FIGURE 10.18: Life cycle of a flo r@@@
5-Seed and Fruit Fong tion @ Y

After fertilization, th
develops i
be mature

ps into embryo and the triploid nucleus
tissue. After these developments, the ovule is said to
nd is now called seed. The ovary changes into fruit.
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6 D I t fS h :’"T”'"""""""'"""'” ------------ e ,
ey e . In some ..: s, mvelop into
When seeds malture, they are dl5p968d ; \J ?ertihzanon G

seeds get SU'table onditi Ky@i o ville. 9o, there is no seed in fruit. This
embryos develop mt p\thjiéé (the " process is known as parthenocarpy. It |
sporophytes |

neration " results in seedless fruits e.g. bananas -

. and seedless varieties of grapes.

® _Bi_r.i'a'ry fission is the division in which the parent cell simply divides into two
'd'aug'hter'célls each genetically identical to the parent.

e In buddmg, the offspring develops from a small outgrowth or “bud” on the

o parent organism.

° Yegetatwe propagation is a method of plant repr c@ new plants
_ are produced from vegetative struc s or leaves.

e Cloning is the tech
~ of tissue take

ntical offsprings from small pieces
s or other suitable parts of the plant.

_ i o)
e Plants o different generations. The diploid generation produces
~ spores and is called sporophyte generation, while haploid generation
- produces gametes and is called gametophyte generation.
o The microspore undergoes mitosis and produces two haploid cells i.e, a

“tube cell which form pollen tube and a generative cell which divides to
~_produce two sperms.

° A germtnated microspore has a tube nucleus and two sperms is male
~_gametophyte generation of plant.
¢ Ovule contains one megaspore mother cell which undergoes meiosis and

.,-?-produces four haploid megaspores. In one ovule, only megaspore
remains functional. Here it germin itjs int {Mmetophyte

~ called embryo sac. | O

. Embryo sac consists ere is one egg and two other cells at

~ one enw% \pee Cells at the other end. There is a large cell in the
~ centre ontains two polar nuclei (fusion nucleus 1n + 1n).
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. Select the correct answers for the followm
. Which of the following organ Ee by bmary fission?
- a) Yeast o ) Bacteria

¢) Rhizopus “ d) Plants

. Whatis t%@}m method of reproduct'ron in yeast?
a) Binary fission b) Spore formation
c) Budding d) Fragmentation

. 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

c) Spores can only grow into new fungi in dry environments

d) Spores are produced to withstand harsh conditions

. What happens in some bacteria during harsh conditions?

a) Creation of a bud that detaches from the cell

b) Formation of thick-walled endospores @ @@@
c) splitting the cell into two ide W@

d) Fusion of two ba %@%
% A exa

3 Whlch W mple of vegetative propagation through
runners

a) Potato. b) Strawberry
¢) Onion d) Ginger
. Which plant propagates through tubers?
a) Onion b) Potato
c) Ginger ' d) Garlic

. The horizontal aboveground stem, which produces Ieaves and roots at its
nodes; | _
a) Stolon b) Bulb
¢) Rhizome d) Corm
. Which of these does NOT help a plant for vegetative @@@tion?
a) Rhizome

¢) Runner K& lower
. Which part of'tﬁﬂf m onsible for producmg pollen?

a) Stig b) Anther
c) Ovary d) Petal
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10.Which of the following is NOT a part of carpel?

a) Filament b) Style
c) Stigma O@@@
11. Which structure forms the % @ in flowering plants?
a) Pollen grain “ W b) Ovule
c) Anther d) Sepal
12.The rﬁ{@mg)phyte in flowering plants is known as:
a) Pollen grain b) Embryo sac
c) Ovary d) Carpel
13.1n 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 tia.ﬁe san nBIyC @v@sperms
S by two sperms
be cell by two sperms

1. Write ort note on budding in yeast.

2. Write a short note on spore formation in fungi.

3. What are the advantages of spore formation in fungi and bacteria?

4. Describe how vegetative propagation occurs through runners.

5. State how potatoes reproduce through tubers.

6. Describe the advantages and disadvantages of vegetative propagation.

7. Name the four whorls present in a flower any ;<o tell the components of

each whorl.

Briefly describe the formation of egg cell and polar nuclei within embryo
sac of a flower.

9. Differentiate between:
i. Asexual and sexual reproduct|o w@ @
ii. Binary fission in bacteru‘d‘@@
WW 165
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lii. Stolon and rhizome @ @ m
iv. Bulb and corm @@W

v. Cutting and gra @

egetatlve ro rt|f|<:|al propagation

Vii. ameto phytes

véi':. and corolla N

iX. Stamen and carpel

10. Label the given diagram of flower.

C. Write answers in detail. @ 33
1. Explain the process of binarylfj @ d describe how it leads to
the formation of fia

2. What do vegetatwe propagation? Differentiate among
diﬁerwm:ﬁctures modified for vegetative propagation.

Describe the ways by which humans can grow new plants by using the

vegetative parts of the parent plants? :

4. 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.

6. Describe how the female gametophyte (embryo sac) deyelops within the

ovule of a flower.
D. Inquisitive questions.

(W8

un

. Why are spores considered an adaptation for survival n harsh e % ironmental

conditions? a‘

2. How do asexual and sexu rep{bo @@w erently to genetic
diversity of plant p@

< How does the ate the process of fertilizagon in flowering

plan ?




Chter 1
BIOSTATISTICS

After studymg thls chapter students will be able to:

. Defme biOStatISthS and its uses.
_' Define and calculate mean, median a
¢ Sketch abar chart for a given sef{q

ey

You know that the sci A involves statistical methods. In the field
of biolog t, analyse, and interpret data for getting results and
for under Ing 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 { (,T\ Q \3\5\3

Biostatistics helps in plannmg E\%‘;&m s to ensure that the
data collected will be ansv&‘er the research questions.
For instance, in a chmcé\ ‘E\r\ﬂ g a new drug, biostatisticians determine the

sample s;i% &R 't6'detect a significant effect.

o1
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2- Analysing Biological Data @)3 S

&\C
Biostatistics involves applyin mm to analyse data. This

analysis can uncover nd patterns. For example, analysing

the growth ra it ér different environmental conditions can reveal
how fa light 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
In public health, bigstatisti

resources. 5
oS
@\u e-based insights that guide
policy decisions and

on COVID- ad to the implementation of COVID-19 vaccination
campai '

5- Public Health and Policy Maki&g

1- Epidemiology

Epidemiologists use biostatistics to study the distribution and determinants of
health 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. Foyinst tic studies
@ ges like diabetes and

use biostatistics to identify geneticia “\;

I
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3- Agriculture

In agricultural research, biostatistics helps i
effectiveness of fertilizers, and the resi

For example, com @
farming practice @ ical analysis.
4- cnni\@ﬂw

Biostatistics is crucial 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.

I th%p yields, the
e

pests and diseases.
heat varieties under various

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 hlghltghts the mo % r%a@ lue.

Mean

The mean, also kn ge is the sum of all the values in a data set’
dwuded o values. It represents the central value of a data set.
Formula

Sum of All Data Points
Number of Data Points

Mean =

Example

Consider the following data set representing the heights (in cm) of five
students: |

150, 160, 165, 155, 170.

Mean 504‘1’50*’165*155*1

s avgfgﬁ\gﬁﬂ
So, the mean heigﬁ&ﬁ@@&\ﬁ&\l\“l
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2- Median

The median is the middle value of a data set when t rranged in
ascending or descending order. If tbg m he median is
the middle value. If the) dlan is the average of

the two middle value “
Steps to M&dlan

1. Arrange the data in ascending order.
+1

2
3. If the number of values (n) is even, the median is the average of the values at

positions (%) and (-'21 + 1).

2. If the number of values (n) is odd, the median is the value at the position

|
Example
Consider the data set: 150, 160, 165, 155, 170.

1. Arrange in ascending order: 150, 155, 160, 165, 170.

s ok
it MU

So, thewmght 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 (1) = 4 (even).

3. Median is the average of the values at positions (%) = 2 and (% + l) =3

Median = 15521“" = = 157.5

"2'

So, the median height is 157.5 cm.

3- Mode @@ @CQ@
The mode is the va % equently in a data set. A data set

may have one , one mode, or no mode at all.
@]
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Steps to Calculate Mode

1. Count the frequency of each value in the data ﬁw@ @Om
2. The value with the htghes re u?ﬁ@ géﬁ

Example 1 Q@

Consider the 6 160, 165, 155, 160.

e Frequencies: 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.

e Frequencies: 150 (1), 160 (2), 155 (2).
o The values with the highest frequency are 160 and 155.

So, the data set is bimodal with modes 160 and W@ @

Example 3 g
Consider the data set: 15 170,

o Frequ 160 (1), 165 (1), 155:(1), 170.(1).
e All values 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:

2 O
1. Gather the data to be repre ente rn\ b@
2. Arrange the data »@% -L\ n’- théir corresponding values.
3. Draw W -axis) and a vertical axis (y-axis).
4,

Label the-x-axis with the categories and the y-axis with the values.
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5 Determine the scale for the y-axis based on the range of values in the
data set. Divide the axis into equal intervals.

6. For each category, draw a bar ith a ,@@g to its value.
ce

Ensure the bars are of e d evenly

O
7. Label each bar \@ name and value.

Example 2

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
1O
Speaes E 30 /‘Y\T\Y\W\\w / ,

aps .
1. Collect Data: W Mollected in the table above.
2 ata is organized in the table with species and their

cor spondmg number of plants.

3. Draw Axes: Draw the x-axis and y-axis.

4. Label the x-axis with the species: A, B, C, D, E. Label the y-axis with the
values i.e., number of plants. ;

5. Scale the Axes: The highest value is 25. Use a scale with intervals of 5 i.e,,
015710, 15,20, 25

6. Draw Bars: For each species, draw a bar up to the correspondlng number
of plants. |

7. Label the Bars: Label each bar with the spec énar@m its value.

i @\m%@@m




Chart: Number of Plan @ @@m

10

Number of Plants
v

i

Species A SpeciesB  Species C  Species D  Species E
Species

"feSults, 'predlctmg outcomes and informing pubhc health pol:cy
° -Mean is the sum of all values divided by the number of values. 6
¢ Means provides an overall average, useful for understanding general trends

e M_&dlan 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. | | g iAo

* Mode is the value that appears most frequently.
* Mode highlights the most common value, usefu 5 @@c&l Idata;..-._-;..}_

analysis. tiedte “

* Bar charts"’h": :"FP_ com: .- :;e d_
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PHYSIOLOGY

SRR S AR i

for the
What is the primanspyr %@%
a) To analyse fi @m

b) To Wﬂr&

c) To design engineering models

arethods to biological sciences
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 occurring 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 @@

If the data set is 5,8, 12, 1 2 @ 70
a)8 @) m )12
) 15 0“ d) 20
Whatlis the mean of the data set: 7, 8, 9,10, 117

a)7 b) 8
)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

c) 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 3,3,678299 what is the mode?
a) 3 b) 6

Q7 B@@@@ 9 |
If a data set has no repe W Frode’

a) The highes The average of the data set -
C)WO d) The median value
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9. In a bar chart, what does the height or length of each bar represent?
a) The total number of categories '

b) The value of the correspondmg category @ @@\?@
¢) The average of all values 5
d) The difference b m@% owest values
10. When const rt, which axis usually represents the categories?
a) Vertic Y. ams)

b) Horizontal axis (x-axis)
¢) Both axes equally represent the categories
d) Neither axis represents the categories

. Write short answers.

B
1. Define biostatistics.

2. What is the median of a data set?

3. How is the mean calculated?

4. What does the height of a bar in a bar chart represent?
5

o

1

Write answers in detail.

S\ ©
. Explain the importance of bi “ of public health. Provide
examples of how it k bublic health decisions.

P DISCUSS t etween mean, median, and mode. Include
exampl ere 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, 8,719, 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
e Bananas: 45

e Oranges: 2 o@©m
o Grapgs: 25O mmc&@@W@

e Mangoes: 15 %;
Ensurew and provide a title for the chart.
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. What is the mode of a data set? m




