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Overview
dale 3 A1

In this chapter you will learn the following:

* The process of science

* Discovery science
 Hypothesis-driven science
* Theory

* The properties of life

* Major theme in biology
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Biology and Society: An Innate Passion for Life
Ball Ja) (e B kadl) Candi jaaiaall g slial) ale

* Most of us have an interest in life, slaa¥) Jia csladl 8 alaial 4gal Lialaea

like having interest in fitness and e Ll G 2 ndh 250
healthy eating, taken a nature hike, o all) ¢ aall JSYI 5 4yl A8

visiting zoo or aquarium, etc. o il gl Bgan 5,45 5f ) 3

 Biology affects your everyday life in & Casl SY)
many ways (ex. Medical uses, Xx- Lol il e g olayl ke

rays, flu shots , etc) .
Al cilalaainy Slie) suac (3 yhy
- Life is relevant and important to o o
you, no matter your background or (& Y 5 dipall A2 5Y)

goals. Linio ¢l Al daga s Alea il 3Ll
lilaaf g cligly e el



The Scientific Study of Life
Blatl dialall Al jall

 Biology is the scientific study of life. Blall dalall A jall g8 sl Gle o

But
_ o S
« what is a scientific study?
Calal) Al N A e

Glall ad o oS ol Sy e o

« what does it mean to be alive?

To answer these questions, you need

to know: 48 yra ) ZUisd Al oda e dla
v"What is science? Calall 4 L v/
v"Nature and properties of life slall ailiad g danle v/

v"Major themes of life Blall Lt )1l sl sall v/



The Process of Science
alal) dilac

What is the difference between science and other ways of

trying to make sense of nature?
fAasdall agd Al glaal 5 A) ok alal) G AN 92 La

» Science Is an approach to understanding the natural
world that is based on inquiry (a search for information,
explanations, and answers to specific questions).
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The Process of Science
alal) dalas
* This basic human drive to understand our natural world is manifest in two

main scientific approaches:
s Agalal) maliall Cpadt ) Cpllae 8 eaal 5 ozdall Lialle agdl ol o il adlall 128 o

Discovery Science: which is mostly about describing nature
daphll Cia s e Q) g g zalell Caliss)

Hypothesis-driven science: which is mostly about
__ explaining nature.

Foal) s Wle 3l nia il g shaall el

» Most scientists practice a combination of these two forms of inquiry.



Discovery Science

alal) ciliis|

* Scientist seeks natural causes for doandy Clol elalall any o
natural phenomena. Al al Ll

« Discovery Science: the study of Sl A pal) oLl alias) e
structures and processes that we reakind Al Gllaall

can: B ye G otas 1

1. verifiably observe po pilae e o) yilae uld 2
2. measure directly or indirectly with the gAY (e B il
rrl?ilcproqs]:: (t)ozlss and technology, such as alaal Jie cla gl o<1

Des. anst Alasall S o

. Recorded observations are called <leslzall 2gi oo Al ecllall

data, which are the items of eoalall Gaal) L) iy
Information on which scientific inquiry " o T
IS based.



Figure 1.1: The protist Paramecium viewed with three different types of
MICroscopes
Alaal) (e Adlide £ 651 AN aa a0 g o gana) gy bl 1, JSA)

TYPES OF MICROGRAPHS

Light Micrograph (LM) Scanning Electron Transmission Electron
Micrograph (SEM) Micrograph (TEM)

i g 4y pgaa B CIASY) el 4y g B e (g ASIY) JEENY 4y 4o B gua
(LM) (SEM) (TEM)



Discovery Science
a glal) Cilic)

Data of discovery science are: +alal) GLESY il
L o - . e \ . - ..‘ ‘ LA \
(1)Verifiable observation sand Lo ol (e 281 all Jle J1I(1)
lulall(2)
(2) measurements.
Examples: A

e Charles Darwin’s described of the  .iq.yo « . , A g e
: : <abilal) &n ag ) P HLET e
diverse plants and animals he observed €5l sy sl S
In South America. A siall Syl 8 a5 il guall

- Jane Goodall spent decades observing Al pe dgic Cacad Jlage cpa e
and recording the behavior of . .
chimpanzees living in the jungles of ? i (Al (s 3bedll dlslu Juaidis

Tanzania. 55 e



Figure 1.2 careful observation and measurement: the raw data of discovery science
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Dr. Jane Goodall spent recording her observations of chimpanzees

behavior during field research in the jungles of Tanzania.
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Hypothesis-Driven Science
dpd Al £ sdaal) alall

The observations of discovery science
motivate us to ask questions and seek
explanations.

As a formal process of inquiry, the
scientific method consists of a series
of steps that provide a loose guideline
for scientific investigations.

There is no single formula for
successfully discovering something
new.

Instead, the scientific method suggests
a broad outline for how discovery
might proceed.
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Figure 1.3: Applylng the scientific method to a common problem
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Hypothesis-Driven Science
*Most modern scientific investigations can be daalall Gladatl) Cain g (S
described as hypothesis-driven science. el &jéq.a ?j"s sl

« A hypothesis is: ; “4*4)55‘ d*“—‘)
FIVEUARERRETR

C)Aa.c . S:‘\AW'S\"“ o

*a proposed explanation for a set of it
observations. Las Sl

-a tentative answer to a question or

ladme Dl 50l e B dua )i
A good hypothesis - predictions = experiments. | gall Q‘ | )58 (g% B dpa Bt

A good hypothesis Iimmediately leads to ol L Hlaa) Sa
predictions that can be tested by experiments. i) had  olall u;l.f){\ SUAl
The scientific method is therefore just a b s e el anllall
formalization of how you already think and act. i q\j" <atl) Jaslls

-Scientific investigations are not the only way of g, jhall cucad dalall Culaaal)
knowing nature. danlall 48 ymal 3us )



Theories |n Science
alal) (b &y b

« Accumulating facts I1s not the

' i L) Caagll W N S 3
primary goal of science. s gl Gl w8 ) S 3

ol

- Facts in the form of verifiable (e @asill o8 JS& 8 850
observations and repeatable A il ) clbhadll)
experimental results are essential to Al 4y )5 ) Sl AL
science. il aladl Tia ol Le ST

 But what really advances science are - Jiuﬂ h}fﬂc;j;j:
new theories that tie together a K P e A "

number of observations that - ) ‘d‘a =
previously seemed unrelated. S el (8 plell 51 50 s
* The cornerstones of science are the Ak

explanations that apply to the
greatest variety of phenomena.



Theories In Sclence

alal &

* People like Isaac Newton, Charles
Darwin, and Albert Einstein stand out in
the history of science not because they

SOy (o Blas) Jia (i) o
@ D08 Gl ol g el

discovered a great many facts but s8&S) agil Cuvn Gl alall G L

because their theories had such broad
explanatory power.

What is a scientific theory, and how is it
different from a hypothesis?

* A scientific theory is much broader in
scope than a hypothesis.

A theory:

1. is a comprehensive explanation
supported by abundant evidence, and

OV OS1 8 S B gilaa
A il 3 i) o iy il
FRNR

Sy dale 4 k0 Al o
T i e ling

(o Gl Al g dgale 45 5k o
Apa

9 cSJgéj:\JJi dac s Lol C).u-']

2. is general enough to spin off many (= wa=ll calay) gl S L dale 2

new testable hypotheses.

Baaall Glus 8l sl



Theories In Sclence

alal &

* Theories only become widely ool Al e et ih iyl o
accepted by scientists if they.
-l 1) elalal)

1. are supported by an
accumulation of extensive -

and varied evidence and Ao il of Lean Al de giia 2

2. have not been contradicted
by any scientific data.

ALals Al aS) 35 8 e Baains ]



The Nature of Life
slal) dayua

L 4
LR 4

Biology is the scientific study of life.
Bladl Lualal) Al jal) g8 slialy) ale

What is life?
foladl Ala

What distinguishes livings from nonliving things?
fdall ,ul) oo dal) cld glial jia

* We recognize life mainly by what living things do.
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Properties of life
3@\ uailas

Order: all living things exhibit complex but
ordered organization

Aadaia o pal LS g Baine dall SN pan Jaay ol

Regulation: organisms can adjust its internal
environment, keeping it within appropriate limits
Crania LAl 5 dalalall Al dal) S s ;s
2\.3...»\_'14]\ J}JAJ\




Properties of life
slaall Lailad

Growth and development: Information carried by

DNA controls the pattern of growth and

development in all organisms.

Jaai oSy (5 5 5ill el Lgleny Al e sladl) el 5 gl
Al LS s 8 dgaiill 5 gail

(c) Growth and development

Energy processing: organisms take
In energy and use it to perform all of
life’s activities.
Al 8 doal) culwlKl) dEUal s
Alal) Al aven Sl Lgalasin

(d) Energy roessing



Properties of life
slaall Lailad

Response to the environment:
all organisms respond to the external
stimuli.
G gall Catod dpad) LAY avea Al dalatinl
A sl

(e) Response to the environment

Reproduction:

organisms reproduce their own Kind.
A daalall g g dal) clalSl Flasin) ;FLaiiuy)

(f) Repoduction




Properties of life
31,3&\ uaibad

Evolution:

reproduction underlies the capacity

of population to change (evolve)

over time.

).\..puuic Q\S...d\'é)ﬁ ;\thuiu‘ﬁ\ :)}LJ
sl )5 e aa (L shad)

(9) Evolution



Grouping Species: The Basic Concept

* There are a diversity of known o )
living species that have been !5 0o Ae 5iie 4o sana cllia
Identified. s o 3 A el dpal) LEIS)
* To make sense of nature, ) Gl Jray cdanhally gl Jas

people tend to group diverse

i - o Aag Wb daliadl) palisll s
items according to similarities. —~°" " et e

-4-)1 :~.~l\



Grouping Species: The Basic Concept
(sl 2 ggdal) 181 931 apan

» Aspecies is generally defined as a group

) :\.C LA \ ~i q-‘ . ...
of organisms that (e Ae ganaS Lasae £ 53] iy 23 ay

. : Al sl el
* live in the same place and time and G Al
- have the potential to interbreed 9l s OSall (a3 il
with one another in nature to b ) Lpmay pe e 5, Ll
produce healthy offspring. )
Al 4 )3 Z WY dalall

« Taxonomy, the branch of biology that ) . : C L
C)‘ 4'—\-,13‘)(\?59&})50‘&)5“—“:""‘4"5\

names and classifies species and . ; ;
arrange them into a hierarchy of i

laas as o | cile
broader and broader groups. SR O s e e (0 A



The Three Domains of Life
Blaadl A5MAN ¥ Laall

Y el

Domains

Sl Al 5 i) A

Prokaryotic or
eukaryotic
cells Bacteria Archaea Eukarya
8) gil) Aali8a LA
81 gl Aty g

Skl U_ah_ ol q.nl\

Kingdoms
&&, l Plantae l Fungi l Animalia ! Protists

Most of the first three are multicellular Single or multlcellglar
LAl saasie oW1 AN clllaal) alaes o) 3 s iUl alass
LOA aaxta
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DOMAIN
ARCHAEA

DOMAIN EUKARYA
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Figure 1.7: The three domains of life 7
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The Three Domains of Life
Blaadl 45BN claall

These three multicellular
kingdoms are distinguished partly
by how the organisms obtain
food..

Plants produce their own sugars

and other foods by
photosynthesis.

Fungi are mostly decomposers,

digesting dead organisms and
organic

wastes.
Animals obtain food by ingesting

(eating) and digesting other
organisms.
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The Three Domains of Life
Blaadl 45BN claall

Those eukaryotes that do not fit into
any of the three kingdoms fall into a
catch-all group called the protists.

Most protists are single-celled; they
Include microscopic organisms such as
amoebas.

But protists also include certain
multicellular forms, such as seaweeds.

Scientists are in the process of
organizing protists into  multiple
kingdoms, although they do not yet
agree on exactly how to do this.

laall (o sl ae caniii ¥ Al el 31 gill Claas )
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Major Themes in Biology
slal) ale A dui ) cile g gall

Five unifying themes will serve as touchstones throughout our investigation of
biology.

;\:\Aij\elb&M;@i&;&&h@ﬁhﬁ&_ﬂsﬂym&m U)S..ju}u

Major Themes in Biology

Evolution Structure/ |Information Energy |interconnections
gkl Function Flow Transformations | within Systems
adh gl

{8Ual) Y ga3 A3} (3213 Jayh )




1.Evolution

okl

As you have a family history, each
species have a branching tree of life that
extends from a common ancestor.

For example, all bear’s species share
common ancestor. Bears, squirrels,
mammals also have common ancestor.

What can account for this combination
of unity and diversity in life?

The scientific explanation for the
common characteristics found
throughout diverse species is the

biological process called evolution.

Evolution is
the fundamental principle of life and.
the core theme that unifies all of biology.

1=
sla soad al g o8 IS (8 ¢ Jlile &l el o Ly
Calidl Al ¢ i anen & HliE QU Jars e
& yidie Cialis Wb calpaill 5 ccaalindl g cdpall @l jidall
& silll 5 5o gl (e g dall 138 sy O Sy 3 L
¢ slall 3
g 8835 sall AS Jilial) (ailiadll _alall il
Blassall Zaa ol gl dleall & de siiall &) V) cla]
skl
A skl
s 3ball _uluY)

lall IS o 5 A ) g gaa sl



: o
Giant panda bear | ‘

Ancestral pectacleds ua bea&
Bear
Oth sl bea’

Common Sun bear t
ancestor of all

modern bears American black bear

Asiatic black bear ‘

Common & e
Polar bear ‘
ancestor of polar bear
and brown bear

~“'

Brown bear

Figure 1.9: An evolutionary tree of bears
Al) (e Ay okl B ki 11,9 JSdd)



1.Evolution
PR
* Life evolves. sall ki s

« Each species is one twig of a branching
tree of life extending back in time
through ancestral species more and more sl MR e e 0 G i Al e i)

remote. ; .
_ o AS) 5 ) Al
« Species that are very similar, such as the o ; .
brown bear and polar bear, share a more 3l @all Jie das 4 Liial) ) 51 &l s

recent common ancestor that representsa . .. el A ;
relatively recent branch point on the tree 3 s S & et

Of Iife. ] Bw\ .é . ™ ‘;D ’1." N ajrjh &)é .~! .

ball 3 jad (e aaly Gual g 50 (S

Natural selection: ekl elany)
Lg;d\ c"s.’:\gﬂ\ claiy) &)Lu.c leaﬂ\@)h
» The theory of evolution by natural selection,

first described by Charles Darwin more than <= ST a5 50 JsY Cr ol D1 Lgdeas
150 years ago. e 150

« Environment  “select” only certain <l 0o ddee ) )5 Slaw Laid " A" danl)

heritable traits from those already existing.
LJ2ally 33 g sl



Observing Artificial Selection
(s LlhuaY) o EidYy| 48 ya

Artificial selection: SPSURURNIRCEN]

 Is the purposeful breeding of

: , 3adY) Gl gaall g cabilall daala 4 i3 .
domesticated plants and animals by Y] Sl gadl 5 lilall Adda 4y 5 a

humans. i) U8 e
Examples: e ool LS mnnity il 6

« Humans have customized crop plants
through many generations by selecting
different parts of the plant to accentuate 21328 a5 Y il
as food.

Aalias o) jal Uial) gk e saae Jual

. o b Lo Aol AglEn) Ay a8 o o
« The power of selective breeding is also T ;
apparent in our pets, which have been Ja) e Lo i a3 (Al edandV) Ll pa

bred for looks and usefulness.
. Bﬁw\j )@_LAM



All the vegetables shown in have a common ancestor in one species of wild mustard (shown in

the center of the figure).
(IS T s 8 sedan) Jasall A5l o1 Y1 e aaly 8 @l jide Cal & jedann 5 udl) aren

Cabbage Brussels Broccoli Cauliflower

from sprouts  from from from flowers from flower

end buds from side stems leaves and stems  clusters
buds

Figure 1.13: The artificial selection of food crops
L3 Jualaal) e ollaaY) sliiy) 11341 JSill




People in different cultures have customized hundreds of dog breeds as different as basset
hound and Saint Bernard's, all descended from wolves.

«Saint Bernard's s basset hound S adtisall QIS QY3 Gl auaddy () ga gy Adliaal) CEE) & )
AL e Al g 5a

Artificial
| Selection

gLy
S Lkl
Gray wolves Domesticated dogs
dgala 1) LY daty) ooy

Figure 1.14: The artificial selection of pets
ALY il gaall elial) e LYY 11,1484




2. Structure/Function:
The Relationship of Structure to Function

808 ol el (s ABNal) - A o1/ JSued)-2

The correlation of structure and
function can be seen at every level of
biological organization.

Example: at organ level,

lungs, (function) to exchange gases with
the environment: oxygen (O,) in, carbon
dioxide (CO,) out.

The (structure) of lungs correlates with
this function.

* Increasingly smaller branches end in
millions of tiny sacs in which the
gases cross from the air to your blood
and vice versa.

 This structure provides a tremendous
surface area over which a very high
volume of air may pass.

O iy ) (S Al gl 5 JSael) Lol
(o> sl aalaiill G glise (e (5 slse

Oleall G sie e 1Al dias e
) e Sl Jalid (dida ) i )
(2C0O) 0580 2l 3 ((20) CrmnsY)
X
Al gl o3y s ) (USn ) i
Oha 5 5 il g 5 il 5yl Fia 5 e
(e Gl ) Lgad Jaiss Al 3 peall &) sall
(oSl Sl 5 ey ) o) gl
O Sy Al dndass dalioe JSoell 138 jigrg
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2. Structure/Function: &
The Relationship of Structure to Function

I8 gl JSue) s A8l A8 611/ JSsed)-2

At cellular level, cells display a LAY (e i ¢s glal) (5 ginall o o

correlation of structure and .. )
function. @LJMJ dS:t@J‘ O &4\)3

- As oxygen enters the blood ool & aall Y eV Jsd0 pe o
In the lungs, it diffuses into

red blood cells. el oandl el LA () s a8 ¢

« The shape of red blood cells ~ Aabwe slpeadl all L3A S5 A5
provides a large surface area b s 0 €t w
over which oxygen can e R O et R
diffuse. 7 L CpaaSY!




3. Information Flow <=

=™

Cila glaal) 39S
For life’s functions to proceed, OS5 o) g ¢ slal) dlga aiudt (S
mformatl_on must be L
* received,
* transmitted, and Al
* used. 4 4iia
In every cell, information (in the form Aadiiie

of DNA) are transmitted from

previous cell to it. JSE 3) e slaall a3 o3y cdla JS 3
: SRR 3 el
Even your very first cell, the zygote e A8l 208N (e (o5 (e

(fertilized egg) contains information  dagll) 458501 (5 giadc S V) Glila s
passed on from the previous L .
generation. diadl (e Ll o Slaglae e (Rpaddll

In this way, information flows from Gl

generation to generation, passed down S s e e slaall 38555 ¢ 44y yall a3y
encoded within molecules of DNA. ;
S paeall Al jaa )y e ¢ i



3. Information Flow _‘{sa
il glzal)  FaN il

« All cells use DNA as the chemical material 39S DNA J) LS aen a2iid o
of genes, the units of inheritance that ) ~ )
transmit information from parent to Ji5 ) &) 5l las el AibasS
offspring. el 1 A0 e e glal

- The chemical names of DNA’s four L) i AL Sl elassl) jlaidl oy o
molecular building blocks are abbreviated el le DNA b 91 At 32
asA, G, C,and T.

.AG,CT

« Agene’s meaning to a cell is encoded in lelodo 3 BN il e Jee il @
Its specific sequence of these letters, just ) )

as the message of this sentence is encoded & LS Ll ¢ g pall oda (e daall
In its arrangement of the 26 letters of the 26 J lesi i 6 aleall o3a Allus ) Jua

English alphabet. ; )
A ¥ asal) e U s



Figure 1.17: the language of DNA
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3. Information Flow “i‘g—a
g.\l..njb.d\ d&u

 The entire set of genetic aisll il gleall e dklS de gens

information that an organism ,
inherits is called its genome. s oand alh (N L A

aA. h.a_)ﬁds.é\ .LS “ e
 The nucleus of each human cell e bR F @2

contains a genome that is about 3 sale O sal 3 sk aly asia
billion chemical letters long. )
il

* At any given moment, your CYT i i il ol s
genes are producing thousands of ~ bal gl

different proteins that control i .<aw i) dabisdl) culig
your body’s processes.



4. Energy Transformations:

Pathways That Transform Energy and I\/Iatter
dalall g ABlal) J gas ) Gl jlsall sd8Ual) Y gad

Various cellular activities of life are
work, such as movement, growth, and
reproduction, and work requires energy.

Life is made possible by

|. the input of energy, primarily
from the  sun, and the
transformation of energy from one
form to another.

Most ecosystems are solar powered.

Plants and other  photosynthetic
organisms (“producers”)

 capture the energy from sunlight
and convert it, storing it as chemical
bonds within sugars and other
complex molecules.

Jia cJandl o sLall daliaall 4 glal) ddaisY)
Al bl Jaall g ¢ iS5 gaill g 4S jall
¢ AiSan Canval 3Ll

O Ja¥) Al B ¢ Al e 1Yl
AT ) J8d ¢ Bl Jsadg ¢ uadd)
Al A3UAIL Jead Al lail) alaes

A guall doadl LS e Lo g g calilal)
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el gnd g el dail e 48] Jalal)
Gl Sl Jals AibiasS ol 5 S gy ja3
A sataall il 3all



Figure 1.9: Nutrient and energy flow in an ecosystem
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4. Energy Transformations:

Pathways That Transform Energy and I\/Iatter
Balal) g d8Ual) § g ) @) el +adUal) Y ga

» Chemical energy Is then passed through O AileaSl) A8ULY 5y gl aly ol
a series of “consumers” that break the L;m oSl e Al JDA

bonds,
¢ Jaal g )| &S
543 Al dBall e ) 8
* putting it to use. 25 dauin g
* In the process of these energy U 03 ALl g sa Alac ot

conversions  between and  within = Jigad &b dledala g Al Glull)

organisms, some energy Is converted to R TTIRIE
heat, which is then lost from the system. o= 2 o= s e

* releasing the stored energy and

ABE | PR TR

- Thus, energy flows through an J3& (e d8Uall aas o Al
ecosystem, NI
* entering as light and 5 e paS Jgaall

- exiting as heat. )l a8z g Al



4. Energy Transformations:

Pathways That Transform Energy and Matter
dalall g ABlal) J gas ) Gl jlsall sd8Ual) Y gad

I1. Every object in the universe, both A0l el e e oI 8 S S <Ll
living and nonliving, is composed of o A sl el el 0SS B IS S

matter. Bale (e (O 6SH

+ In contrast to energy flowing through ‘= ALl e AN B8 e padl) e o

an ecosystem, matter is recycled ol AU 20 Balll Ly e sale ] S
within an ecosystem. )
O Azl 5 AS0E o o8 Apall LAY apan (A o

« Within all living cells, a vast C ) .
i | : sy (oY) Al yiall Aila Sl oo Ll
network of interconnected chemical Jasniy (¥ ddayl yiall 4Ll &

reactions (metabolism) continually sale) e Al ) JSG cpe ) ety A8
converts energy from one form to
another as matter is recycled. Balall g



5. Interconnections within Biological Systems
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* The study of life extends from the
microscopic scale of the molecules
and cells that make up organisms to
the global scale of the entire living
planet.

The biosphere consists of

e all the environments on Earth
that support life, including soil,
oceans, lakes, and other bodies
of water, and the lower
atmosphere.

At the other extreme of biological
size and complexity are microscopic
molecules such as DNA, the
chemical responsible for inheritance.

S el eball (e ey BLal) Al )2
Goall il I Al LA 5 ey jall
ALesly (=Y S S allal) il e

O OS5 sl sl
alall acxi Al (¥ e bl s
el ) g cllasaall g 4 Al Gy 8 Loy

oSl 5 cailall Ciladaieall (e Wy g
(sl (g5l

5 onshsadl paall o AV Gkl
3aladl (DNA Jie 4 jene Ol s 2 L)
2550 o Al pusal) dila)

J
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Ecosystem: consists of all living and non- . . o N
Vi ' i i Sl % : | AUsall
living organisms in a particular area. sy dall o e (e O5Sh Ll o

.- .“ »..I . ‘; Z\AAM
Communities: all organisms in an )
ecosystem. o) aUaal) 8 daal) GLIKH aes laatiagll
Populations: groups of interacting e Cple&iall o @Y1 (e e gana (IS (e g U
individuals of one species that live within a el Iy | | :
communities. Slaainall Jal3 m a5 £ 58

Qi A e i s rdaad) Glnll)
Organisms: is an individual living thing. - ; |
SRR NN PWENG PSR SRS PR R S YEN

Organ systems and organs: An . ) . .
organism’s body consists of several organ 3 (rsae e (g sian Lgie JS g suac 5 gl Bae

systems, each of which contains two or L eadll e N1 o | A eall Jedn) €I
more organs (circulatory system includes (el 2o Vs il o) 53l e ) S
heart and blood vessels). ) Aliiall UMAY e de gane (pe (35S tAansY
Tissues: consists of group of similar cells B3 iyl g (g2

performing a specific function.



5. Interconnections within Biological Systems

A s) gual) AliEl) J31a Tt 2 B

Cells: The cell is the smallest LeiSay 3an 5 raal o4 41 LA
unit that can display all the ) o .

characteristics of life. Blall palbad ps g2 e
Organelles: Organelles are =hste oo e Sl el
functional components of cells,  Cauai il 55l Jie (LDAN Ak

such as the nucleus that house
the DNA. (S9sill (aasl

“L‘u' \.\M‘ ..&. ‘
Molecules and Atoms: B Sy jadl ) Al g il jal

Molecules are clusters of even ol ihaS Claa g (e Cile sana
smaller chemical units called .
atoms. Sl e



9 Ecosystems Figure 1.20: zooming in on life
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At each new level, novel
properties emergent that are
absent from the preceding one.

* These emergent properties are
due to the specific arrangement
and interactions of parts in an
Increasingly complex system.

*Such  properties are called
emergent because they emerge
as complexity increases.

oalbad ol chaa sl JS (8 e
ALl @l e e Baas

S 3 Ul Gatliadll sia D
A e JS5 deaa aUas 8 Baasl
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 Throughout our study of life, 6 b g cBlall Wia) 0 JMA e
we  will  see  countless L o
interconnections that operate at & Jaxi led pan ¥ Sl 3
and between every level of the bl ;

] ' ] \ . .
biological hierarchy. e
S _ o (o> sl el

- Biologists are investigating life )
at its many levels, oo il G sl agsy e

 from the interactions within ¢3aal) Ll ghie e 3Ll

the biosphere.
P Lg}mj\ .La..ga.d\ JAlhy &ile@tl) fpa o

* to the molecular machinery . o
within cells. AEL ENNEENRRRIREN R



