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UNIT ONE

BIOTECHROLOGY
1.1 What is Biotechnology?

Biotechnology is the use of microanganisms to make things that people want, ofien invalving industrial production. it & the
controlled use of micro-organisms for humsan benafit,

Mot all types of macoorganisms ara used in bictechnology.
Some microonganisms causs disease, olhars ara usetul fo people—ior axample, and they play a vilal role in decay and
recycling of nutrients in the environment
‘With the arrval of new technologies such as a genetic engineering, macroorganisms are bacoming mare usatul all the
fma.
The main groups are bacteria and fumgl, and vireses are baing more and more for genatic angineening
Many of the principles and some of the techniques invelved i bistechnology are anclent, but fast growing,
For example, fermentation, in which microorganisms are used, has been practiced for thousands of years io produce;
#  Alcohobs drinks lika bear, wine fella and s
#« Hread and injara
* Cheesa and yoghurt

Traditional Approach of Blotechnology invalve:

- W ® W

1. Making alcohalic dinks like wina, besar, g, fela and brewing baers,
2. Making bread and fnjera
1. Making chaase and yoghaurt.
One of e most useful microonganisms is yeast,
Whean yeasts have planty of oxygen, they respire aerobically, breaking down sugar to provide energy for their ceds,
and producing water and carbon dioxide a5 wasle products.
Buf yeasts are wsaful bacawsa fhay can also respire anaerobically.
Whean yeast cells break down sugar in the absance of cxygen, thay producs ethanal (alcahal) and carbon dioxide.
Aerobic respiration provides more energy than anaerobic respiration, alowing yeast cells 1o grow and reproduce.
Howeser, once ey eadst in large numbers, yeast cells can sunive for & long time in low-corygen conditions, and wil
braak down all fha available sugar fo produce ethanol.
The anaarobic respiration of yeast is sometimes rafamed 1o as fermentation (or alcoholic fermentation).

I. Making Alcoholic drinks

1. Beer production

" ® & ® @

In brewery process the grain is first "maied” (L ., sosked in water to germinaig)

During this: malting peniod the enzyme present in the grain converts the starch to sugar.
Then yaasls are added fo convert the sugar fo alcohal.

The bitter flawor of besr is pravided by the addition of hop flowars.

in tha praparafion of "Talla” Gesho is added fa give a bittar flavar for the Talla™.

2. Tej and tela production

e

¥

Tej i one of the aldest drinks in Ethiopia—it has bean known since atf least 400 BC.

When we make ta/ we need honey, water and gesho beaf or gesho siick.

Gesho givas a bitter edpa o tha braw, and wild yeasts found an the plant start the fermentabion gaing.

The veasts use the honey as a source of food. As yeast colonies grow they stan to respire anaerpbdcally, and this
producas athanol and carbon dioxide.

The alcohal content of tej varsas fram abouf & 1o 11%.

Tej and tella ara the mest commonly consumed alcohabs drinks in Ethiopia.
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3. Wine production

= Incontrast, wine making uses natural sugar, found i fruet such as grapes, as the energy source for the
yeast

We press the fruit and mix the juice with yeast and water.

We then let the yeast respire anaerobically until most of the sugar has been used up.

At this stage. we filter the wine 1o remove the yeast and put it in bottles, whare it will remain for some time to
mature before if is sold.

Yy

Most commercially sold wine is made from grapes, but wine can be made from almaost any fruit or vegetable — the
yeast does not care where the sugar it uses comes from!

Interestngly, alcohal in large amounts & possonous bo yeast as well as fo people. This is why the alcohol content of
the wine is rarely more than 14% — once it gets much higher, it kills all fhe yeast and siops fermentation

Wine is made from fermented grapes.
= The alcohol in the wine is obtained from the sugar in the grapes.
»  This conversion of sugar into wine is done by yeasts that are naturally cccuming on the grapes skin.
= This process does not require oxygen and thus the process s known as anaerobic fermentation.
= This process can ba summarized in the following equation:
CoHiOs— =2 5 2C:HsOH + 2C0,
Remember. yeast can respires agrobically in bread making, but must respire anaerobically fo make alcoholc drinks,

Il. Food production

1. Making bread and injera

< When yeasts have ingufficlent amount of axygen (i, &,, anaerobic condiion), they ferment glucose info COs and HeD
with the production of very litle alcohol.

% This process is used in the making of bread and injera,

% The CO: produced halps the dough to become lighter in weight.

% This process is calied “leavening”, | e making the bread llght and spongy.

% When we make mjgra, we gind the feff ar barlay and than add watar.

% 'We mix well and leave the dawgh f reom temperature for aboul two davs,

< Matural yeasts starl ta grow and respire in the daugh. At firsd the yeast raspires aerobically, although this may change
I anBenobe: respiration,

4 The yeast producas carbon daxida, making the mx rsa a litle and grang @ a tangy favor.

< 'When we cook the mixture, the bubbles of gas expand in the high temparature, giving injera its typical texture, which is
=0 good for scaking up the food.

% The yeasts are Killed during e cooking process

2. Production of Yoghurt

= Milk goas sour dus fo the production of a substanca called lactic acid by the action of bactaria an milk sugar (|lacicea).

¥ This make e mik o curdle (i, e, some pans of e mik solidify and separate fram the Squid part).

# The solids ara called curds and the liquid part is caled whey (A3 ).

¥ Tomake yoghurt, we add & starter culture of the right kind of bacleria to warm milk.

F  Oftan this starter culiura is just a small amount of yoghud we have already made.

¥ The midure reeds io be warm 20 hat the bacteria begin fo_grow, reproduce and ferment.

#  As the backara braak down 1ha lachose in tha milk, they produce lactic acid, which gives the yoghurt its sharp, tangy
tashe, This is known ag lactic fermentation,

#= The lacic acd produced by the bacteria causes tha milk to clot and soldify into yoghurt

#  The action of the bactena also gives the yoghurt @ smoath, thick texture,

= Onca the yoghurt-harming bactena have worked on the milk, thay also halp praveat tha growth of alhér bacieria that

nomnaly send the milk bad.
#  Yoghur, i it is kapd cool, will st almeest threa weaks beloea it goes bad.

(% CamScanner


https://v3.camscanner.com/user/download

#  Ordinary milk lasts only a few days - and than only if # is kapd really cold.
¥ Once we have made our basic yoghur, we can mix in lavorings, spices and frul,

3. Production of Chease
= Like yoghurt making, cheese making depends on the reactons of bacteria with mik changing the fexfure and tasse.
and also preserving the mik,

Chease making is very succasshul in preserving milk, and some cheesas can surva for years without decay.

Araund 200 different types of chease are made around tha world, bud the bases of production mathed is the same for

them all.

Just a3 voghurt making, we add a starter culture of bacleriz to warm milk,

The differenca is in the type of bacteria added.

The bactana in chaese making also cormert lactase o lactic acid, but they maka much more lactic acid.

A5 a result, the sold part, (curds) is much more sofid than in yoghurt.

Enzymes are also added 1o ingrepse the separation of the milk, These ofien come from the stomachs of calves or

ather yaung animals.

When it hes completely cyrdled. we can separate the curds from the Bquid whey [A3F)

Then we can use the curds for cheese making, The whay i3 ofien used in other dishes.

The curds can be wsad fresh, and can be seasoned or flawored. This is tha basiz of ayib in Ethiopia.

Alermatiealy, wa can cuf and mix the curds with salt alang with alher bactena or @van malds, before wa prazs tham

and leave them 1o dry out.

= The bacteria and modds added at this slage of the process are very important. They aifect the gevelopment of fe final
fiavor and {exture of the cheese as it ripens — a procass thal may take months or years, depending on the bype of
cheese being made, This is how the majenty of cheeses are made in counties such 25 the UK and the LISA,

#  Hare in Ehiopia cheese i fradiionally madea by first making yoghurd from fresh milk, extracting the butter by

continuous agitation, and finally bolling the remaning part to make the chesse,

- F % % @ L N ]
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Notice: Assignment; answer raview questions (page b and 7)
1.2 New Applications of Biotechnology
What is Genetic Engineering (genetic Modification)?
Genefic engineering (ganatic modification) invalves changing the genetic matarial (DNA) of an organism.

In this case we tzke a small plece of & gene from one erganism and fransfer it ko the genetic matenal (DWA) of 2 complesely
different arganism,

Genetic engineering (genetic modification) is the process of insaring naw genetic infarmabian inba axisting
calls in arder to modify a specty organism for the purpose of changing its charactaristics.

= Modem applications of botechnology include genetic engineering
1. Io change crops and animals;
2, o produce new medicines; and
3. fo provede nenw Bnengy SOouncas.
Amiang the new applications of biskachnology in the Sald of agnculture is genetic engineering.
Genatic engineering = a fechnique of changing an arganism's genotypa by inserting genes fram other organisms
into its DMA,
By this technique an organism is "programmed” 1o make u=eful subsiances and develop new characters,
Some naw applicabons of botechnology also take place in an indusiral satting.
Many advances in agricutture ara fhe result of ane of tha impariant new areas of biclechnology — genelic enginesring
(a0 known as genetic modification),
Genedc enginesring is used ho change an organism and give it new characierisics which people want 10 ses,
Genehc matanal (OMA) carmas the mstructions for a new arganism, found in fhe nucleus of avery cell.
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# You ke small pieca of information — a gene — fram one organism and transhar it to ha ganetic mataral (DMA) of &
completely difierent organism

= 3o, forexample, a gene from one of hman cells can be "cut out™ using enzymes, and fransfemed to the ol of a
bacterium

«  Dur gene camies on making a human pratem, aven thawgh it is now in a bacierium.
Scientists have found that genes from one crganism can be transferred 1o the cells of anather type of animal or plant at
an early stage of their developmant.

%  As the animal or plant grows, it develops with tha new, desired characterstics from the ather arganism.

The Technology
A lot of new bictechnology refies on growing large numbers of micro-organisms on an indusinial scale i large vessels,
known as farmanters.
I & lod of micro-crganisms are grown together, they can easily use up all the cipgen avadable and even poison each
ather with waste products.
hdg«al fermenders uswally have a range of features ko overcome the problems that stop & cullure growing
satisfactarly.
They react o changes, keeping the condiions 83 stable as possibe,
This, in burn, maans wa can cblain tha maxemum yield.

G S B

Indusirial fermenters usually have:

1. &n oxygen supply — bo pravide axygen for réspiration by the micra-organisms
2. A gtirrer — 1o keep the micro-organisms in suspension, meintan an even temperature, and make sure oxygen and food are
distributad evenfy
3 A water-cooled jacket - o remowe e excess heal produce by the respining micrg-arganisms - and rise in lemperature &
usad o heal waler, which is constanty ramowvad and replaced with maora cald watar.
-l Iltuurlnu Ingtruments - for continuous manitoring of fackars such as pH and iemperature so that adjustments can be made
it pacessary. Draw figure 1.8 page B

Agriculture and
Genetically modified Crops (GM crops)
F o ldeally, genetic modification could lead 1o better, less expensive and more nutritious food as well as less-
harmful manufacturing processas.
Resistance to Insects is just one usaful characieristic being enginesnad into crops.
Oihars inchuca resistance ko herbicides, which ara chemicals to destroy weeds, and resistance to viral infections.
Some transgenic plants may soon produce foods thal are resistant o rof and spollage.,
Sinca their introducian in 1996, genstically modified (GM]} plants, like the soybeans have bacoma an mportant
companent of our food supply
¥ In 2007, GM erops made up bo
1. 52 % of sovbeans,
2. B&% of colbion, and
3. 80% of corn in the Linited Slates.
#  Ona bype of modification, which has aleady praved parbcularly usehd 1o agrculiura, uses bactarial genes that produce
& pratein known as BY toxin,
= 'Whia this baxin i harmiass io humans and mosd othar animals, anzymes in the digestive sysbams of msects canvart Bt
% a form tha kills he ingects.
#  Planis with Bl gene, then, ;
& Inaddition, they produce higher yields of crops”
¥ And engineers are curmently deseloping GM plants tha

Genetically Modified (GM) Animals
# GM animals are also becaming more impariant to our food supply. For example, about 30% of the milk in U.5.
markets comes from cows that have been injected with harmones made by recombinant-DNA technigues 1o increase
milk praduchon.

»  Plgs can be genatically modified bo produce more lean meat or high kevels of healthy omega-J-acid,

YoV W Y

(% CamScanner


https://v3.camscanner.com/user/download

Health and Medicine

Biotechnodogy, in #s broadest sense, has shways been par of medicine,

Early physicans exiractad substancas from plants and animats to cura ther patients

- ® ¥ @ ® F ® ® @

Taday, recombinant DNA fachnolagy is the source of some of the mest imporiant axcifing advancas in the prevantion
and tregtment of disease,

One interesting development in transgenic technology is godden rice.

This rice confams incragsed amaunts of witamin &, also known as beta-carotene—a nuirient that = assanal for
human hegith,

Provitamin A deficiency produces senious medcal prablems, including infant blindness.

There is hope that previtamin A-rich golden rice wil hel prevent thesa problams,

Other scientists ane developing fransgenic plants and animais that produce human antibodies io fight disease,

In {ha future, fransgarec animals may pravida us with an ample supply of our own proteins.

Sevaral labaratarias have angineered transgenic sheep and pigs that produce human protens in their milk, making il
easy 1o codect and refing the products

Many of thaza pralains can ba used in dissase prevantion.

Wi genstically engmneared baclana are cultured on a large scals; thay can make huge quantities of prabain.

‘Wi now use tham o make a number of drugs and hormones esad as madicnes.

Tnﬁ?ugenmkﬂly engineered bactera make exactly the proten nesded, in exactly the amounts needed, and in a very
pure famm

Far exampla, people with diabatas need supplas of hoemone insulin.

This harmone was axtract from the pancraas of pigs and catle, buf i wasn't quile 1ha same as human insulin, and tha
supply was quite varable,

Both problems hizve now been salved by the introduction of genetically engineered bacteria thal can make human
insulin.

Bistechnokogy atso makes il possile io develop vaccines more easily,

A rumber of sheep and olher mammals have been engingered to produce life-saving human profeins in their mik
These are much more complex proteins than these produced by bacteria, and have the potential o save many
livers.

For example, genetically modified shaep can make special blood-clotting proteing in Teir milk

These can b2 used for people with hemophilla, so they are no longer al risk fram receiving contaminated Hood,

Application of biology in energy production
Evenyone needs fugl of some sort 1o provide them with enengy
it might be drect energy such as a heat bz cook on, or it can be indirect enengy - heat being used to make electricity,
for axampla.
The ganaratian of biogas from human and animal wasta is becoming mcreasingly important in both and devaloping and
the developed world, This depends on bistechnology,

Biogas Production

Biogas is a flammable mixture of gases. formed when bacteria bresk down plant matenial, or the wasie products of
animats, in anaerobic conditions.
Biogas = mainty methane, but the composition of tha mixbura varies depanding an what it put inlo the generator and
which bactenia are pregent

The components of biogas
Components % in the mixiure by valume
Medhans &0-50
Carbon diceide 1545
Waler 5
Hydragen sulphide 0-3
Crthar gasas including hydragen 0-1
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# Ta produca biagas, you collect dung or plant matarial, which contains a high leval of carbobydrates. and put # info a

biogas generator or digester,

Then you add a mixed population of many different types of bacteria which are nesded to digest the cabohydrate,

The bactersa you use are similar ko those i the stomachs of uminands such as cows or shaep,

Some of the bactara break down the callulose in plant cell walks.

Oihars braak down tha sugars farmed, fo produce methane and other gases.

The biogas produced &= passed along a pipe inda your home, whara yau burn & bo produce heat, light or refrigeration.

Thie bachersa invalved in bisgas production works bast at a temperature of around 300%, 50 biogas generasion lend 1o

wirk bast i hot countries

Howewar, the process ganaratas haat (tha reaciions are exothermic).

#  This means thaf if you put some heat enangy in at the baginning 1o start fhings aff, and have your generator well
insulated o prevent heat loss, bicgas generators will work anywhers:

= Thie waste matenal we produce from sugar factories, sewage farms and rubbish tips all has e patential to act as a
starting pont for tha producton of biogas.

Maore Biofuels

" B ® & ® @

# |ncountries such as Ethiopea, plants grow quickly. Sugar cane grows about 4 - 5 maters in a yaar, and has a juica
which & very high in carbohydrates, particularly, sucrase.

»  Maize and sweel potatoes also grow fast, We can break down the starch in maize kemels or potabo ubers info
glucase, using the anzyme carbohydrase.

#  'We can convert the carbohydrabas wa graw inlo clean and efficiant fueks.

Ethanol based fuals

= I sugarsich productks fram canse and maze are fermenbad anaanchically with yeasi, the sugars are broken down
incomnpletely to give ethanol and waer,

= You can extract the ethand from the producls of fermentation by distillation, and you can then use i in cars and ofher

vahadas as a fuel.

Car engines needs special modification ko be able o use pure ethanol &3 & fuel, bul it i not a magor job,

Many cars can run on a mixture of petrol and ethansl without any problems al all

Advantages and disadvantages of ethanol as a fuel

Ethanol is afficand, and it does not predwcs odc gases when wa bum it

It is much bass poluting than cormvenbional fuels, which produce carbon monaxida and rfragan ceades.

In addition you can mix ethanc! with conventional petrod 1o make & fuel known as gasohol.

This increasingly beng done and reduces pollution levels considerably, although there i 51l some pollution from the

pefral part of tha mix.

Vsing sthancd az a fuel i3 & carbon-neutral activity,

= This means thera is no averall increaza in carbon dicxida in the abmasphana when we burn athanol.

The biggast dificulty with using plant-based fuets for our cars i that | takes a ot of plant material o produce the

ethancl

= Asaresult, the use of ethanol as a fuel has largaly bean bmited 1o couninas with enough space, and & suitabla
climate, fo grow a lot of plant materal as quickly as possible.

L

W

Femmentation

Ethanal
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#  Hara in Ethiopia, we have that capability. Wa might develog biogas ganarators, which can break down the emcass
glucose into methane, anoiher usaful fuel,

= Genefcally enginesred bacienia or enzymes may be able ko break down the celubose in straw and hay and make it
avadable for yeast 1o make more ethanal.

Unit Two — Heredity
1. Thread-like structures in tha nudieus are called chromosomes,
The genatic infarmation will be passed from parent to offspring trough chromosome,
DA carries all the instructions needed to make all the protaing in our cells,

L. N

Chromosames coma i pairs known as homologous pairs. 5o paople have 23 pairs, iomaloes have 12 pairs and
elephanis have 28 pairs of chromosomes

9. Sciantists can photograph the chromasomeas in human calls when they are dividing and arrange them in pairs %o make
a special picture known 35 2 karyotype.

B. Human karyobypes show 23 pairs of chromosomes. In 22 of the pairs, both chromaosomeas are the same size and
shape, regardess of whether you are a boy or a grl, These 22 pairs of chromesomes are known & the autosomes.

7. Agrl has 8 pair of two similar X-chromosomes, but a boy has one X-chromosomes and anather, much smaller, Y-
chromosome, These are the sex chromasomes because they determine whether you are male or femals,

8, Everyone inhents an X-chromosome from their mother. If this joins with the sparm camying anather X-chromosame.
yaou wil be a girl. If it jons with fhe sparm camying a Y-chromasoma, you wil be & boy.

9, X-chromasomes camy information about being female, but they also camy information about many other things—ike
fhe way your blood dols, and the formation of your teeth, body hair and sweat glands. Y-chromosome mainky
carmes irfgrmation about maleness.

10. The chromasomas you inherit from your paranis carry all the mformation neaded ta maka a new you. The infoemation
i kept in the form of genes.

DNA — iz a nuclei; 2cid containing the genelic instructions used in the development and Tunctioning of all known living
organisms and Soma virusas.

Homologous chromosomes — are & pair of chromesomes having the same gene sequences, each derived from one
parent.

Autasomes — are chromosomas that are not sex chromosomas.

Double helix — is tha pair of paralal halices nbartwined about & comman aos.

Polynucleotide — is long chains of linked nucledlidas

Karyotype — is map of the chromagomes in e nucleus of a single cell,

The Human Genome Project — has cost anaund 3 bllion US doliars sa far. Scantists
have worked about e 3 billlon base palrs thal make up human DMA -and have shown fal everyons shares araund
99.98% of their OMA. It looks as if human baings hawe anly batwean 20000 and 25000 genes, {ar fewer than scientists

| originally predicled.

11. Each gene is a small saction of 2 DMA A gana is a unit of hereditary matarial located on fhe chrmosame.
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OMA is a long malecule, made up aof tea strands twesled togather fo maka a spiral known as a doubda helie
Thie big DNA molecule 5 aciualy made up of smaler molecules [nuclectides) pinad together,
& nuclestide consists of a phosphate group, a sugar, and a base.

in DA there are four different bases thal appear Gme after time in different crders, but always paired up in the same
way. The bases link tha bwo strands of the DNA malecule togather.

izenes are made up of repeating pattems of bases In the DNA,

Body cells (also known 83 samalle cells) divide to make new cells, The ced division that takes place in the nonmal
bady cells and produces identical cels = known as mitosis.

Az a result of mitasis, every body cel has the same genetic information.

In asexual reproduckian, the cells of the offspring are praduced by mitosis from the calis of their parent.
This is why they contain gactly the same genes with no vansty,

How does mitosis work? Bafora a call divides, il producas new capias of tha homaolagaus pairs of chromosomes in
he nucleus

Each chromesome forms two bdentical chromatids, Then the chromatids divide indo two identical packages, and the
rest of the cytoplasm divides as well fo form two genetically identical daughter cells.

Once e new cels have formed, the chromatids gre again referred 1o 85 chromosomes,

The daughier calls each have exactly the same mnumbsr of chromosomes as the ariginal call. Cel division has 5
stages: 1. imerphase, 2 prophase,  J metaphase 4. ansphaseand 5 felophase,

. Most of tha time you can™ ses the chromosome in fhe nucleus of the call, even under the microscopa. However, when

a cell iz splitting in two, the chromesomes become much shorter and denser, and will 13ke up special colors called
stains. Al this stage you can sea tham undear the microscope. Tha nama
“chromesome” means colored body referting to what the chromosome loak like when thay have 1aken up he stain.
The cells af aarly aremal and plant embinges (known as stem cealls) ara unspecialized.

Each ona of the stem cells bacomas any ype of cell that is neaded.

In many animals, the calis become specialized very early in lde

By the human a human baby is bom, mast of is calis have bacoms specaalizad for a paricular job, such as lwvar celds,
sion cels and muscle cels.  They have differentiated,

EurnEl nfthaﬂ' gEﬂE!E I'E'ﬂa b=en amtnhnd an an:] ulhars have been switched off. This means thal whan a muscle cel

Liver cells can only produce mors liver calls. So in adult animals, call division is mestricled because diflerenfiation has
QCoumed

Some specizized cells can divide by mitosis, but this can be used only to repair damaged tissue and replace wom-
aut cells. Each ced can only produce identical copies of itsalf.

Owr red blood cels have a finita life bacausa they lack thair nucled as thay mature,

Wom oul red blocd calls are destroyed, at a rate of around 100 billion per day, by our spieen and liver, Forlunately, mitosis
fakas place in our bona mamaw just as guickly ba make 1ha new rad blood calis we nead.

Qur body cells ane lost & an amazing rate — 300 milion cells de every minute. Fortunately mitosis takes place all the time

8
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| %o replace tham,

32, A cedl normally containg a fced number of chromosomes that wsually ocour in pair, such a cell is referred to as a
diploid cell and is symbolized by 2n, &.g. each human bady call {somatic call) canfains 46 chromosomas i. & 2n = 46,

3. The Cell Cycle — Cels go through a sesies of events known as the cell cycle &s they grow and divide
H. During the call cycle, a cal

» Orows,

= prepares for dyision, and

= divides ta form two daughier cslls,

Each daughter cell then moves inta: 1. a new cel cydla of activity, 2 Growth and 3. Division

35, The Prokaryotic Cell Cycle — the process of ced division in in prokaryotes is a form of asexual reproduction known

as binary fission.
36. Onca the chromosome has been replicated, the tawo DMA molecules attach 1o difierent regions of the cell membrane.
37, & nabwark of fibers betwaan tham stratches from ane side of tha call ta the other.

38. The fibars cansinct and the cell is pinched inward, dividng the cyloplasm and chromosomas betwean two nawly
formed celis,

38, Binary fission results in fha produciion of two ganatically identical calls.

=

The Eukaryotic Cell Cyche — the sukamyatic call oycle consists of four phases: G1, 5, GZ, and M.

41. The length of each part of the cell cycle — and the keng$h of the enfire call cycle—varies depanding on the fypa of
cell,

42, The ldz of a call as one cell division after ancthar separated by an in-betwaen period of grow is called interphass.

43, Inrapidly dividing tisgue and in cancer cells, inerphase may only be a few hours. In other tissues, or in adult animal,
inferphase may last for years,

44, Intarphasa is divided inba threa parts: G1, 5, and G2
1. G: phase: Cell Growth

#«  Calis do mes! of thar growing durning 1ha Gr-phasa.
# nthis phasse, calls increase in size and syrithasize new proteins and organelles.
# The Gin G and G: stands for “gap,” but tha G and Gz phases are actually periods of mbansive growth and
activity
2. & Phase: DNA Replication
The 1 phase 5 folowad by the 5 phase.
The & slands for synthesis,
During the 5 phase, new OMNA is synthesized when the chromosomes ane replicated,

= The cell @l the end of the 5 phase contains twice s much DMNA as if did at the beginring,
3. G; phase: Preparing for Cell Division

. 8 @

= When DNA replication is completed, the cell enters the G2 phase
= G2 & usugly the shorest of the three phases of inlerphage,
During the G2 phasa, many of the organelles and molecules required for cell division ane produced,
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#  'When the evants of the G2 phase are completad, the cell is ready to enfer the M phase and bagin ba pracess
af call diision
M Phase: Cell Division

&
L]
-
-

The M phase of cell cyde, which follows intarphase, produces two daughter calls.
The M phasa takas its name from the process of mitces.

During the nomal cell cycle, interphase can be quite long,

In conrast, the process of call division usually takes place quickly,

"Nrupﬁhﬁ/

45. Inaukaryoies, cell division occwrs in two main stagas.

1.
2

The first stage of the process, division of the cell nucleus, 5 caled milosis.
The second stage, the division of the cytaplasm, is called cytokinesis.

#  lnmany cells, tha bwa stages may ovarlap, so thafd cyfokinasis begins while miosis & slill taking place.
Mitosis

What evanis occur duning aach of the four phases of miosis?

Biologists divide the events of mikgsis into four phases:

G L B B

1,Prophase 2. Metaphase 3. Anaphase 4. telophase
Prophase:

The first phase of milcsis, prophase, = tha longest and may lake up 1o half of tha tatal ime reguired to complete
mitasis,

Durng prophasa, the ganebc matarial inside the nucleus condenses and tha duphcated chromosomes bacoma
vizible,

Cutside tha nuckus, a spindle starts (o form.

The duplicated sirands of the ONA molecule can be seen to be altached akong their length a1 an area called the
cenfromers.

Each ONA strand in the duplicated chromogome & refemad 1o &5 8 chromatid, or sisler chromatid,

When the process of mitosis i complete, the chromatids will have separated and baen divided the new daughier calls,
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Spindle fibers exiend from a region called the centrosome, whara finy pased structures called centrioles are
Iocabed,
Plant calis lack cantriales. and urgamze apmdlaﬁ [il'EIE‘"[H"IJ-ITI their cankrasoima regions.
The centricles, which were duplicated, di erphass, siz B [N ;
&g prophase ands,

«  fhe chrmamosames coil more tightly,

= e nucleslus dsappears, and

»  the nuclear membrane breaks down
Metaphase

< The second phage of milosis, metaphase, is generaly the shortest,
% During mataphase, tha cantromeras of the duplicated chromasomes line up acnoss the cenbar of the call,
< Spindle fibers connect e centromere of each chromosame o the tao poles of the spindle,

Anaphase

The third phase of miogis, anaphase, begins when sl Aligs s
Onca anaphasa begins, each sistar chromatid = now DEI'IEJ-I:hl'Ed an W

Durng anaphase, the chromogomes separate and move along spindle fibers to opposite ends of the cell,
Anaphasa comes fo an and when fhis movemant stops and tha chromosomas ara compledely separated into two
Qroups

Telophasa

% Following anaphase is telophase, the fourth and final phase of mitosis.
4% [Dunng lefaphasa. tha chromosomas which warea distincl and condensad begin to spraad oul indo a fangle of
chromatin.
< A nuclear membrane re-forms around each cluster of chromosomes,
% The spindle bagns fo break apart, and tha nudecius bacomes visible in aach daughber rudeus.
< Mitosis is complete. However, the process of cell division hag one mone siep o go
Cytokinesis
Az the resull of mitosis, o nudei—each with & Juplicate sel of chromosomes—are formed,
All that remains to complede the M phasa of the cycle is cyfokinesis, the division of the cytoplasm itsalf.
Cytokinesis usually ocours at the same fime as telophasa
Cyfokinasis complates the process of cel divisian—it splits ana call info twa.
The process of cytokinesis differs in anmal and plant cells

g and begn fo move apart.

The length of the cell cyce vanes considerably. It can take less than 24 hours, or it can take several years, depending
an which cels are mwahad and af which slage of l#e. Thare are many cydies during the years of grawth and
deselooment. but it shows down once puberty Is over in the adult.

Cytokinesis in Animal Cells
Dunng cytokinesis in most animal cells, the cell membrane is drawn inward until the cytoplasm is pinched into two
nearly equal paris.
Each part containg its own nucleus and cytoplasmic organelles,

Cytokinesis in Plant Cells

Cytokinesis in plant celis procesds differently. The osll membrang is not fexible enough to draw inward because of the
ridged call wall that sumaunds it
Ingtead. a structure known a3 the cell plate forms halfway between the divided nucleuses,
The cell plata gradually davelaps info call membranes that separate the twa daughtar calis.
A ced wall then forms in between the two new membranes, completing the process

Meiosis
The repraductve ongans in humans, as in most animals, ara the ovaries and tha testas. This is whera the sex calls (tha

gemetes) are made. The female gametes, or ova, are made in the ovaries; the male gametes, or sperm, are mage in
the bastas.
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In plantz. the sax calls ara the pollen and the owales. Tha calls in the reproductve crgans (aksa known as germ calis)
divide to make sex cells, The cell division that in the reprodusctive organ celis are and produce gametes is knoan as
MEEis.

Melosls is spacial form of cell dvigion whene the chromosome number = reduced by half,
‘Whean a cell divides ta farm gamedes, the chromasomeas are capiad so there ana four sets of chromatids.

The cell then dividas o fiorm bwo identical deughter celis, These cells then divide again immedately, without fhe
chromatids doubling agam, in the secand maiofic division.

These forms of four gametes, each with a single sl of chromosomes, Therefone, meiosis is the division of the sex
calls resulting in dawghier calls with half the onginal numbar of chromesames.

The gametes join iogether at fertilization; the new call that is formed contains the normal number of 46 chromosomes
in humans (23 chromasomas fram our father and 23 chromosaomes fram our mather).

Melosls is & process in which the number of chromosomes per cell is cut in half through the separation of hamelogous
chromosomes i a diploid call (2M].

Onca testis can produca over 200 milkon sparm each day by meiasis. As most boys and men have bwo working lesies,
thal gives a total of $00 milon sperm produced every 24 hours] Only one sperm is nesded to feriize an egy. However, as
each Bny sperm neads to traval 100000 times s own kangth ta reach e ovam, Sawer than one in a millian ovar complede
the joumey — s i is a good Ehing that plenty are mads.

Meiosis usually involves two distingt divisions, calied melosis | and mesosis N,
By the end of meiosss |1, the dipiaid cell becomes four haplaid cells (N).
Meiosis |
Just prior bo melosis |, the cell undergoes a round of chromosome replication during interphase,
A5 in miiosis, each rephcated chromosome consists of s identical chromatids joined af the center.
1. Prophase |
After inkerphase |, the ced begins to divide, and the chromasomes pair up.
Each chramosame appsaars in fie condensed form with two chramatids.
Homologous pairs of chromosomes associate with each ather,
in prophase | of maiosis, aach replcaled chromosoma pairs with its corresponding homologous chromosome.
This pairing farm a structure called 3 tetrad, which containg four chromatids.
As the homologous chromosomas foem tetrads, they underga a process called crossing aver.
First the chromatids of the homologous chromasomes (non-sister chromatids) cross over one another,
Then, tha crossed sachons af the non-sistar chromiatids—which confain allales—are exchanged.
Crossing-over therefore produces new combinations of alleles in a call,
2. Metaphase |
Az prophase | ends, a spindle forms and attaches o each tetrad,
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Durmg mataphase | of mesasis, pared homalogous chromasomas lina up across e center of the cell.
3. Anaphase |

As the cell moves inka anaphase |, tha homolagaus pairs of chromeesames separata,

Durng anaphase |, spindle fibers pul each hemologous chromosomes pair toward opposite ends of the cell,
4. Telophase | and Cyfokinesis

When anaphase | is complete, chromesomes cluster at opposite ends of the cell,

The nuclear membrana reforms around each duster of chromasomes. Cylosmeses folows lophase |, faming two
new cells,

Maiasis | razulls in two cells called daughbar calis. Howaver, bacauza each pair of homalogous chromosomas was
separsted, nesther daughier call has fe two complete sets of chromogomes that & would have in diploid cell

Thosa two sats have been shuffled and zorled almast Bka a deck of cards. The tywo cells producad by meiosis | have
satg of chromosomes and alleles that are different from each other and from the diploid cell that entered meiogis |,

Maioszis I
The two daughier oglls now enter a second meiolic division (meiosis 1),

Unli&ea the first division, neither cell goas through a round of chromosome replication bafare anlering maiosis 1.
1. Prophase I
A5 the cell anfar prophase |, thair chromosomes—each consisbng of two chromatids—bacoma visible,

The chromosomes do not pair to form tefrads, because the homologous pairs were already separated during
miekosis L

2, Metaphasa I, Anaphase ||, Telophase Il, and Cylokinesis

Metaphase Il: Dunng malaphasza of mesasis I, chromosomeas ling up n e centar of the gach call.

Anaphase |I: As the cell enters anaphase |I, the paired chromalids separate.

O ol G

The final four phasas of messis 0 are similar b fhose m meiosis 1. Howaver, the resuf is four haploid daughter cells.
Each of the four daughter cels produced in mesasis Il receive two chromosames. These four daughter cells know
conain the haphokd number (M) — just two chromosomes each

Gametes to Zygote

The haploid calls produced by maiosis | are the gametes that are so imporiant fo heradity.
In male animals, hese gamates are called sperm, In female animals, generally only one of the cells produced by
miiasis is nvobeed in reproduction.
In anenals, the female gameda i called an egyg.
After it is fertilized, the egg i3 called & zygobe
The zygate undergoes cell division by mitasis and eventuslly forms & new organksm.
Comparing Mitosis and Meiosis
Mitasis can be & form of asexual reproduction, whereas meiosis is an early sbep in seusl reproduction

There are three ather ways in which these two processes will differ,
A, Replication and separation of Gametic Material
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Mitosis and meiosis are bokh precadad by a complaba copying, or replication, of the genefic matarial of chromasomeas.
However, the naxt sleps differ dramatacally,
In mitasis, when the bwo sels of gamabic matanal separata, each daughber call raceivas ane camplate sel of
chromosomes,
In maiasis. homolbogows chromasomeas ine up and then move 1o sepamate daughler calls.
As @ result, two alleles for each gene are segregated, and end up in different cels
The sorting and racombination of genes in maiosis rasull in a greater variety of possible gane combinations than
could result from mitosis,

B, Changes in Chromosome Number of the original cell.

Mitosis does not normally change the chromosome numier of the original cell
This is not the case for maiosis, which redwcas tha chramesame numbar by half.
C. Number of Cell Division

Mitasis is a single call division, rasults in the production of two genetically identical diploid cells, wharaas meiosis
requines twa rounds of cell division and produces four genetically different haploid cells,

The relationship between chromosomes, Genes, allales, and traifs [Characters of the organism)

In eukaryoles inheritance of charactenstics (trait] is the result of cellar strechres caled chromogsomes.

A chromosome is composed of @ molecula of inhentance called DMNA, anclozad within a profein coat caled histone.
There ane different sections of DNA molecules calied genes thal determing the charactenistics of an organism

A gene = a region or segmant of OMA for a particular characler (8.g. blood typs, skin color, tongus roding, sex, alc ).
A gene may have bag or more atermative forms called alleles,

An allede i= an altarmative form of 2 gana.

A characler (rail) with gimillar alleles in 3 pair is called homologous,

& characler (frail) with dissimilar alleles in a par i= called heterozygous.

In aach body call of an argansm, chromosomes axist in paired sats.

In sexuslly reproducing organisms one sel is parental (inhented from father), while the other i maternal (inhented
fram mothar).

For example, hsmans have 45 chromosemes (23 pairs) of which one sat (23 & paternal and the other set (23] is
malemal_

Gametogenesis

Meiosis occurs 25 part of & process known &5 gametogenesis, or gametes formation. In females this calied
aoqganesis. |n a baby girl, the first stage of meaicss s complebed befare she is aven bom.

The limy owaries of a baby gil contain all the ava she will ever hawe. The second meiotic division peaing a5 fhe eqas
malura in the gvanas during fhe cycle.

In males, meioses goesn't unil pubsrty, when the tests staris to produce sperm. The production of sperm & called
spemaloganasis, and camies on throughaut a man's life.

Each gamete you produce is sighfly diflerent from all the athers. The combination of chromosomes will be different,
‘What is marg, thens is same axchanga of genas befwaen the chramosomes during the procass of maicss, which
maans that no two aggs or sperm are tha sama. This introdweas a lof of vanaty inka a ganetic mix of the offspring.
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Mendelian Inheritance

Gregor Mendal {1822 — 1684} was the first parson b systematically study inharfance and formulate laws about heradity.

YY¥YYY Y ¥iyywyysuhy—a &

Mende did several experiments on garden pea plants 1o study the mechamsm of imheritance of characters.,

Mandel chose garden pea plants because of the following advantagas abserved by him:

Maturally they are self-pollinated when required they can be cross polinated

Attain matunty and completa thair ibe cpcla within a short paniad of e, iLa. three manths

Showed several variable contrasting characters (14 vaneties)

They ane cheap or easily avedable

The delivery of charactenstics from parent to offspring is called heredity.

The scientific study of heredity is known &5 genetics.

A trait is a spaciiic charactanstic, such as sead color or plant heaght of an indrdual plant.

Mendel studied seven different traits of pea plants

Each of these sewvan traits had two contrasting charactenshics, such as grean seed colar or yellow sead colar,

Mendel crossed plants with each of the seven contrasting characieristics and then studied their ofispring.

The offspring of crosses babween parants with different traits are called hyberids.

When doing genetic crogses. we call each onginal pair of plants the Py or parental. generation

Their affspring ana callad the Fy, or first filial, genaration {Fiius and filia are the Latin words far "son” and "“daughter).
In each crass, the nature of the other parem, with regand o each traif, seemed to have deappeared.

From thasa results, Mendal drew two conclusions. His frst conclusion farmead the basis of our curant undarstanding of
inheriance.

1. Anindividual's characteristics are determinad by factors that are passed from one parental generation to the next’

YUYW

Today, scienlists call the factors that are passed from parent to offspring genes.

Each of the trants Mendal studied was contbrofled by a single gene thal occurred in two contrasting varieties.
Far example, the teo conbrasting genes for pland height are tad (TT) and shoet (i)

The different fooms of a gene ara called alleles (a gana has two allelas).

£. Dominant and Recessive Alleles, Mendel's second conclusion is the principle of dominance.

-
=

This principle states thal some alkeles are dominand and ofhars ana recassive.
In Mendels experiments, the allele for 2l plants was dominant and the allele for shor plants was recessive,

Mendel's Seven Fy Crosses on Pea Plants

Canlrasing Traits Genaotype of Phanalype
Trabts Dominant and Recessive aleles oifspring of affspring
Seed shape | Round (RR) & wrinidad [ir) all Rr Round
aeed colar Yeliow (YY) & grean [yvy) all Yy Yallow
Seed coat all Gg Gray
Gray GG & white (ga)
Pod shape Inflated (D) & constricted (Dd) &l Dd Smaath
Pod oolar Green [GG] & yelow (gg) all Gg areen
Flower Pl [AA] & termingl (ag) &l Aa HAxial
positicn
Plant height | Tall (TT) & shart (tf} all Tt Tal
Usimg Punmett Square
Pure tall {TT)l pure shart (K] T T
t T T
Fi= hybrid fall == Al F: tall {hybeid tal) t T | Tt
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Punnett Square - is a simpla fabda that shows the possble combination of gamates of by parents.

L b

Punmett square uses mathemabical probabdlity to predict the genotype and phenatype combinations in genetc
O55ES.
i represants e possible genolypes of the offsprng so produced, and the ratio in which ey will ocour,
It was named after the English ganaticist Reginakd Crundal Punneft
Mendel's Technigues
First. Mendal allowead sefi-palinatian and fertlization of differant linas of garden pea plants.
#  Ha took thosa lines which producad the same traf [phenolypa) generation after ganaration durng seff-
fartilization.
« Ha caliad thase true breeders or pure breeders.
He then crossed pure breeders for seven confrasting characleristics. Pure tall and pure: short plants, for example, wene
cossed.
#  [Far this, he ramowvad stamans from flowars of the tal plants bedora maturity.
&  This praventad seff-pollination.
Af Bower maturity, he fransfered poden graing from flowers of short plants to the stigma of tall plants,
»  He reciprocaied his experiment by removing stamens from shor plants and dusting them with pollen grains
from tall plants.
Mendel grew all sesds from F1 generation and noted the plants at maturity. Al of them were tall,
= Nendal caliad the frait axprassed m Fr as dominant, and the one masked. recessive.
& [n this case taliness = dominant and shortness i recessva.
The F1 plaris were allowed o self-pollinate. and produce seeds
Thess saeds ware collecied and plaried o produca F, the second filial generation.
# The second filal genarafion exhibded nearly 3 dominant fo 1 recessive frail in all Mendel's axperimants (3:1)
»  For example, when hybnid tall, Tt is self-polingted, it result;
1 true-breading dominant,

I: i
2 mat-true-breeding daminant and TJ]TT | T
t | TE [ #

1 Wue-breeding recessive
FyxFy=Fzand tha genotypic raio is 1: 2: 1and phenotypic ratio is 3: 1 and such croes is known as monohybrid
Cross which considers one trait only,

#  Homologous are characiers having identical allsles

Habtarozygous are characiars having non dentical allelas

Daominant is e expressad characier

Racassive is the hidden charactar

Phenctype is the physical sppearance of an organism

Genaolype & the genetic composition of an orpansm

Organesms that have two dentical aleles for a paricular gene—TT or tf (for height) are said to be
homozygous.

Oirganisms that have two different alleles for the same gene—such as Ti—are heterczygous.

YWV YWY YW

v

o D

Segregation

Durng gamete formation, the alleles for each gamets camy only one allele for each gene
Thus, each Fy plant produces twa kinds of gamefes—thase with the tall {T) alale and those with the short (1) allele.
During gamete formation, the alleles for each gene segregate (separate) from each ofher, 5o thal each gamele camas’
anly ane allele for each gara.
The alleles are paired up again when gameles fuse dunng fertilization,
4 capital better raprasents a dominant and a small letier a racassive labiar.

Mendel's Laws

1. Mendel's First Law: Segregation

Mendel's First Law: Ztates that only one allele specifying an alternative trail can be camied in & particular gamete, and gamates
cambine randomily n farmng offspring
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2. Mendel's Second Law: Independent assortmant

Mendel's Second Law: Sizies that genes located on different chromosemes ane inhenited independently of one anather,

Mendel's theories of segregation end independent assorment are 50 weld supponed by

axparimanial results that they are considarad "laws.”

Gamete is formad by laking one allele from each gana, and anly one gane type of gamete is farmad from homazygous

Test Cross

When an individual expressas the dominant phendtype, ils genotype is unknawn, it can be either heterczygous (hybrid)

ar hamoeygous.

Ta detarmine the ganatype, we must pardorm a bast cross.
An individual of unknown genclypa is crossed with an mdnidual having a recessive phanatype bacausa fo axprass tha

recesse trail, the individual must be heterozygous
A summary of Mendel's Principles

The inheritanca of bislogical characharistics is dedermined by individual units called genes, which are passed from

parant fo offsprng.

Where two or mane farms (alleles) of the gene for a single frait exist, some alleles may be dominant and others may

be recessiva.

In sexually reproduecng organisms, each adult has two coples of each gene—cne from each parent, These genes

segregate from sach othar when gametes are formed.
Alieles for different genes usually segregate independently of each other,
Dihybrid Cross
50 far, the experiments of Meanded that we have discussed imvolved onfy one frait {monohybrid),

Mendel also made crosses that invelved the inheritance pattems of two tralts in a single mating. This type of

cross i bermed as a dihybrid cross.

«  [Forexampla: Tall [TT) planks with round seads X Shart plants weth wninkled seads.

TTRR XM e TR 7

arganisms

Fr—THRr (&l fall and round saeds)
P2 == Zaif- fertilization of F1 = TR x TIRr

Gameles—TR. Tr, A . ir x TR, Tr. 1R, tr

Punnetl square showing sixbeen offspring produced from dihybeid cross,

\E&i& TR Tr iR
Male

ir

TR TTRR TTRr TiRR TiRr
Tt TTRr T TrRr Thr
iR TIRR TiRr TiRR fRr
ir TIRr Tirr fHRr frr

Fi % F1 == Fz {16 aflspring are producad)

9 tall rgung —=emeToRr  emmeme 316

3 tall wronkled —-T-mr e
Ty . pp— 316
1 short wrinkled — tir ——— 116

Phanatypic rabo === & 3: 3:1
Genotypic ratio =====1: 2 1: 24 2 121
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Phanatypic classes =====
Genotyplc classes s=zzash

Types of Dominance: 1. Complele dominance 2, Incomplels dominance 3. Codominanca

1. Complete dominance—s a stuation in which one of the alletes in the pair completely masks the other allele, and
axprasses ilsel,
Example; When pure tall [TT) crossed with pure short (8) all offspring become tall,

2. Incomplete dommance = some alleles are neither dominant nor recessiva. Cases in which one allale & nat complataly
dominant over anofer are called incomplete dominance.
In incomplete dominance, the heterazygous phenatype bes somewhers batween the two homozygous phenotypes.
For example: The F1 generation produced by 8 cross between red-flowened (RR) and while fliowered (WW) Mirabils
plants consists of pink —colored plants (R'W).

3. Codominance—The phenotypes produced by both alleles are clearly expressed,

»  Forexample: If pure-breeding red cattle are crossed with pure-breeding white cafle, the helerozygote so produced
will be roan (Mr&-Mr&).

= Anather example of codominance & AB blood type in humang,

There are three alleles for human blood type: These are 1%, 1%, and 9.

1. GIOUD A e A8 07 A (A 5 dominant over O)
2. Blood group B _iEE:urEﬂ {B iz dominant over 0)
Bilood group AE e AB (2xample of codomingnt)

More Human Inheritance

*  There are a number of genelic conditions which cause senous health problems and even death

=  Many ofher combmations hava a relatvely simple but vary noboaable effect. Ona of thase & albinism.

*  The high levels of melanin (black pigment) in Ethiopian skin gives a natural protection aganst LY radiation from the
sun but aven 50 if is s6ll sometimes useful ba have additional protection from sunscrean.

*  [People with paler sking are much more Bely to suffer severe sun damage

= Alhinism is a genetic condition in which nd melann pigment s farmead in e cals.

A How dwo carmiers can produce an abino chid?

=  Parental genotype  ——> A3 ¥ Aa A

= Possiblegametes ———Aanda x  Aands A|AA | Aa
# Possible F1 genotyps ——————» 184 28a - 1aa B [A8 | 8a
L]

Poszible F1 phanotypes ———— 3 nomal: 1 albing
B) How an albino and someacne with 8 normal phenatype bul heberozygous might produce an albing chikl or & narmal child?

=  [Parental genclype ———= fa ] a3 A a
# [Poszible gamales ——— Aanda i aanda a As | a8
# Poszible F1 genotypasare ———= 144 1aa a Aa | Ba
=« [Ppz=ible F1 phanchypes —— 1 narmal: 1 albing

) How an albing and a homozygous normal individual woukd never hawve an albing child?

Parental genotype —3 AR K aa
Pozsible gamale ———Aand A x aanda

# [Ppssible F1 genotypas —— A Ag
=  Ppasible F1 phenolypes ——> all normal

Alblnizm is pariculasly noticeable in areas whene most people have & high keved of melanin in the skin, such s Africa,
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The appaamanca af an albino in a family can appaar quite randoem. but it is the rasull of heddan recassive allelas.

Far exampla, in the inherited condition known as albinism the malanin pigmant in the skin, hair and ayes does nat
develop

The nommal alels for plgment 1o develop is A and it i3 dominant.

The allela for albinism, a, 5 recassive. Albinism is found froughout the anmmal kingdom and paople ara no excaption.
Albing irdividuals are very vulnérable to sun damage o thair skin, so thay have a greally incraased risk of dewaloging
SHT) CANCET,

They have to take great care to protect their vulnerable skin from sunlight

Their eyes ane also very sensitive i light and they often have problems with their vision = bul apar from ths they lead
complatety nomal lives.

if peaphe do not understand genelics, the amival of an albing baby can cause greal distress, and in the past, albings
aftan sutferad discrimination as & result of Sheir unusual appearance.

Howevar, far alinism and indeed any cfher ganalic frails, laoking at the family can shaw exactly how a characlenstc
has been passed on

Heredity and Breeding

Selective breeding

One way to improve the performance of a op plant or domesiic animal Is i salect the best possible individuals of that
type and use them o build up your siock

Selective breeding is used o breed for paricular trait

You need 1o select fue-breeding plants or animats, 50 it is mpoetand that the history of the organism is known

If the characieristic you want 1o select is recessave, it is easy to be sure that the parents are rue breeding

if thery shaw the characleristic, thay will be homazygoles.

H the trait you want is dominand, you may need to canmy out a bast cross using a known homozygous recessive on fhe
parents to make sure they ane homazygous.

For selective breeding to woark, it is important fo use only the best animals whach have the charactens®ics you wand in
the braeding program.

This means that the male and female animals which have the characienstic you want should be allowed io mate, bt
animats which da nof have the characieristic should be castrated or pravented from mating.
Cross-breeding—hybridization

Hybridization (cross breeding] is crossing dissimidar individuals to bring together the best of bath organisms,
Hybrids—the mdriduals producad by such crossez—are often hardier than aither of the parents.
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Multiple Alleles
Many ganas axisl in sevaral diffarent forms and ara tharafare said to have mulliple allelas.
A gane with mora than two allelas is said fo have multipla allales.
One of the bast-known examples is coat color in rabbets,
A rabbit's coat oolor is determined by @ single gene that has at least four different allsles,
The four known aleles display a patiem of simpée dominance that can produce four coat colors,
Many ofher genas hawa muBiple allelas, mcluding the human genes for blood type.

Polygenic Traits

Many traitz are produced by the inferaction of several genas.
Trails contralled by wsgenes are said io be polygenic traits,
FPolygenic means “many genas.” Far exampla, at beast three genes are mvolead in making the reddizh-brown pigment
in the: eyes of fit Mes
Polygenic rafts oftan show a wide rangs af phanciypas.

The veriety of skin celor in human comes about partly because more than four different genes probably control this
frait

Genes and the Environment
Sciantific study showed that buttarflies haiching in tha shorter days of springime had levals of pigment in fhair wings,
making their markings appear darker than these halching in the longer daws of summear,
In ather wards, the arvironmant in 'Ahu:h tha huﬂ:aliai |nﬂuarb::as ‘H'IE Eu;pmﬁsmn |:|1’ thEtr genes fl:lr wing cobaraian.
Environmental conditions can aflect gane 5 £ e {raits
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UNIT 3
Human Biology and Health

L The Nervous
The Mervous System cofiects information about the body's internal and extemal enviranment, processes that
information, and responds b it.
These functicns are accomplished by the penpharal nenvous system and the central nervous systam,
The peripheral nervous system. which consists of narves and supporting calls, collacts informafion about the bady's
external and intemal envirenment,
Peripheral mervous sysiem s composed of crandal nerves and spinal nerves
Cranial nerves arise from the brain (there are 12 pairs of cranial nerves),
Spinal nerveas ansa from the spinal cord
1 pairs of spnal narvas branch cut fram the spinal cord, connecing the brain to diffarant parts of the body.
Cartain kinds of information, mcluding many reflexas, are processad directly in the spinal card.
A reflex is @ quick, automatic response tops a stimulus
The way m whach you pull your hand back quickly when picked by a pin is an exampla of a reflay
The Central Nervous System [CNS) , which consists of the braln and spinal cord, processes thal informabion and
craabas a respansa that is defvared to the appropriale par of the body thrawgh the peripharal nenvous system.

Peripheral Mervous system
zathers infarmation and 2ends 1 to he cenlral neraus system

[input |

Central Nervous system |
Pracesses the mformalion and farms a response

[Outpd |

Peripheral Nervous System |
Carries the respanss of tha candral nervous system o glands and muscles

Meurons: Kervous sysiem mpulses are ransmitied by cels called neurons
Types of Heurons: Maurans can be clazzified mbo threa bypes according o the direchan in which an impulse travals.

1. Sensory Neurons: Carry impulses from the sensa argans. such as the eyves, the ears, to the

spinal cord and beain,

2. Motor Neurans: carry impuisas from the brain and spinal cord to muscles and glands

3. Imtemeurons [Association neurans): Procass information and detarming haw an animal responds b shmul

They process information from sensory neurons and then sand commands 10 other intemeurans o Molor NEurons.
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=  Dalerminabon by intemeuron-— E.g. Is the immediate environment foo hat, oo cold, or just mghf?

*  The number of inkernaunons an animal has, and the ways those intemeurons process information, determng how
faxible and complex an animal's bahavior can ba.

*  Some inveriebrades such, as onidarians and worms, have very few internewrans,

=  Thesa animals ara capable of only smpla responsas fa slimuli. They may saim towand light or fawand a chemical
shimilus that sagnals food

= \ertabrates have more haghly denvelopad narvous sysiems with langer numibers of inBamaurans.

*  The bram is made up of many of hese intemeurons, That is why e behaviors of verebrates can be mone complex
fhan those of mes! invartebrates.

Structure of Neurons: Although neurons come in many shapes, and sizes, they 2l have certain fealures in common,

The lproest par of @ typicel neuron is its cell body, whach containg e mucleus and much of the cyvicplasm
Spreading cut frem cell body are short, branched extensions caled dendrites.

Dendrites raceirna impulses from ather neurons and camy impulsas fo tha cell baody.

The lang fiber that camies mpulsas away from the cell body of a neuron is the axon.

An axon ends n a senes of small swelling called aton terminals.

Meurons may have dozens of dendrites, but usually they have only one axen.

In mast anemals, axons and dendrites of different neurons are dustered into bundies of fivers called nerves.
Some nerves contain fibers from only & few neurans, but others contain hundreds or even thousands of neurons
In some nawrans tha axon is surrocunded by an insulabing mambrana known as the myelin sheath.

The myelin sheaih thal surrounds a single, long axon has many gaps, called nodes; where &n axon mambrang is
exposed. As an impulse moves slong the axon, it pmps from one node to e next

= This arangemend causes an impulse to travel faster fian it would through an axon withoul a myedin sheath,

# & ® ® 8 B ® & ® @

The Nerve Impulse

How does a nerve impulse bagin?
A nerve is a bundla of the long nawon fibars known as amons, whech are hald by connactive tissua.
In @ nerva, as in wiras of a belephone cabla, éach axan is insulated from the neighbars by the profacive myaln sheath,

How a Meural Impulse is transmitied?
* A resing naunon: @ nawon not fransmatfing an impulse the innar suritaca of e plasma mambrana is negatively
charged compared with the imterstitial Suid surmounding it
#  The rasting nauron is said to be eleciically palarized, that i, the inside of the memibrane and the intarstitial fluid
oufside ane oppositely charged,
When electrical changes are separated in this way, they have e pobential o do work
This difference in electric pobential between the two sides of the membrane is called the resting polential of the neuron

Wihat ks Responsible for the Resting Potential?

#  [resulls from the prasence of a slight axcess of nagatve ions INSIDE the plasma mambrana and a slight axcess of
posies ions inzids of the plasma membrans.
This imbalance in ion distribution = brought about by several fachors,
One of them is the sodium = potassium pump (Na® - K°). Az & resull of this pump, the ced actively transports Na* out of
fhe cell and K- info the call. This pump works against a concantralion gradiant.

=  Aboud three sodium ions are pumped ouf of the neuron for avery two palassium pumped in. Thus, more positive ions
are pumpesd oul than pumped in,

=  Hanca, tha posiive chames rasult from an axcess of sodium ian (Ma*) an the oulsida of the memirane. Some
poiagsium icns K+ also move to the outside of the membrane, The negative charged molecules like proteins and
organic phasphates within the neuron that are too big to dffuss oul,

#«  This diferanca in charga across the mambrane creatas a resting pobantial.

The Action Potential

In a depolarized state, there are mone positive ions in the ingide of the neuron than on the outside
The positive ians now on tha insida causa the adjacant saction af the membrane fo change permeability.
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#  n this way the impulss travels down the axon as a wave. Tha wave of dapolanzation is called an action potential (a
state of depalarization)
This is the actual wave impulse transmission of the wave of a neursl mpulse,
After the impulse passes a given sped the original polanty of the resling potential refums

Meurons are not cantinuous ‘wiras’ running about cur bady . Whanavar oné nawan ands and anoéher bagins thera is a gap
known @s @ synapse.

= The elecirical impulses that travel along our newons have o cross these synapses, but an elecrical impuise cannil
leap the gap.

= Spwhen an impulse amives at hie end of a neuron, chemicals are released. Thasa chemical ransmitters
ineurotransmitiers| cross the synapse and are picked up by spacial racapiar calls in tha end of e naxt newan

# Infurn this starts up an electrical mpulza, which than travals along our next neuron. This is how impulses pass from
ane nedron to anather over our body

»  Synapses are very important for the co-ordination of nformation in our central marvous system, information that &
caming in from many different areas of aur body.
There are special syrapses bebween effector neurons and the muscles they stimulate.
These are known a5 neuromuscular junctions and they work in the same way as a normal synapse, excepl he
chemical cros=ing the gap causas the muscles to contract

An impulse is a bit ke the low of an alecine current through a wire. To sea how this accurs, el as examing a neuran at rast
The Resting Neuron: Neurons, like maost cells, have 8 change, or an ekeclrical potental, across their cell membrane,
#  Theinsice of a neuran has a voltage of =7 millvolts {mV} compared to e outside,
+«  This differanca, or resting potential, = rowghly coe-faantieth the voliage in a Aash ighi batiery.
Where does this potential come from?
Active transport proteins pump sodium iong (Na=) out of the cell and potassium ons (K*] into i,
Since bath ions are positively changed, this slone doesnt produce & polential acrass the membrane.
However, ungated patassium channed profeins make it easier for K+ ions than Na+ ons to diffuse back across the
memirane.
»  Becausa there is a higher concentrafion of K+ lons ingide the cell 85 8 resull of active transport, there s 8 net movement of
pogitivaly charged K+ ions out of the call,
&5 a rasull, fha inside bacomas negatively charged caompared ta the outsde, producing the resfng patanfal.
The Moving Imipulse: A rawon ramains in s resting staba unhil i recaives a stimules largs anough to start a nerve
impulse
An impulse beging when a neuron is stimulated by another neuron or by the environment.
Onca it begins, the impul=a moves quickly down the aman away from tha call bady toward the axon amminals.
In myalinated axons, tha impulse moves even mona ragidy as if skips from ane node ta the naxt.
'l'qfhﬂ actually happens during an impulse?
The impulsz iself is @ sudden reversal of the resting potential,
The neuron call membrana canfains Bhousands of "pated” ion channels.
At the leading adge of an impulsa, galed sodum channals cpen, allvaing positively charged Na+ ions o flow into the call.
The msida of tha membrane femporanly becomes mare pasitive than the cubsida, ravarsng the resting potental.
This resersal of charges, from more negatively chargad 1o more posifively charged, is called & nerve impuise or action
paoiential.
Onca the impulsa passas, sodivm gales closa and gabed patassivm channels apen, allowing K« jons ta Bow out.
This restares the rasting polential 50 that the newuron is anca again negalivedy chargad on the insida.
All the whie, the sodium-potassium pump keeps working, ensuring thal the axen will ready for more action polentiats,
A marve impulse is seff-propagating that is, the flow of ns a1 the point of the impulse causes sodum chennels just ahead of
it fo apen.
#  This allows the impulsa ba move apdly along e axon
[ In yaur own words, summarize what happans acrass a neurcns membrane when it is at rest and during an action potantial? |
Threshald: Mot all stimuli are capable of starfing an impulse. Tha minimum leval of a simulus that is reguired to cause an mpulsa in
a nauran is called s threshold.
= Any stimulis that is weaker than the threshold will not produce an impulse,
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A narve impulsa is an all-pr-none responss
Either the stimulus produces an impulse, or i does not produce an impulse,
The threshald principle can also be Hlustrated by using 8 row of dominoes,
B you ware 1o gankly press the first doming in a row, i might not move at all.
A slightly hardar push might make the domino testar back and forth but nat fall.
& push sirong enough 1o cause the first domina fo fall info tha second, and star ta whale row falling, is like a threshald
ghimuius.
i &l action polenbials have the samea strangth, how do we sense if a sbmulus, Bea bauch or pain, i strong or waak?
The brain datarmines this from tha freguency of ackion potenials,
& weak sfmulus might produce thrae or four achon pobantials per sacond, whils a8 strang ansa might rasulf in a5 many &=
100 per second, B you accidentaly hit yvour finger with a hammer, those action potentials fine like mad!
Synapsa: At tha end of the nawmon reachas an awan {erminal, which may pass the impulse along bo anather cell.
« A mobor nauron, for exampla, may pass an impulse o & muscle cell, causing fha muscl call to contract
= The paint at which & newron fransfers an impulse 1o another cell is called a synapse
& space calied synaphic cleft, separates the 2xn feminal from the adjacand cal.
#  The axon lerminal &l the synapse conlains finy vesicles filled with neurotransmitters.
Heurotransmitters are chemicals that ransmit the impulse 2083 3 synapse o another call
»  When an impulse arives at the synapse, neurciransmitiers are released from e axon, diffuse across the synaplic cleft and
bind bo recapiors an the mambrane of the recanmg cell.
i the stimulation excesds the cells threshold, 8 new impukss begins
Once they have done their wark, the neurstransmitiers are released from the receptars on the cell surface.
They are then broken down by enzymes in the synaptc cleft or taken up and recycled by the axon terminal

The Central Nervous System (CNS)
The Brain and spinal Cord

The conirod center of the ceniral nenous system is the braln,

Each of the major areas of the brain —the cenebrum, cerebellum, and braln stem—are responsible for process

and redaying irforrmatian.
»  Like the cantral processing unit of the computer, information processng is the brains pincipal task,
Most of the neurans thal enter and leave the brain do 30 in & barge duster of newons and ofher cells nown as the
spinal cord.
The spinal cord is the main communication link betwean the brain and the rast of the body.
3 pabrs of spingl nerves branch out from the spinal cord. connecting the brain to different parts of the body.,
Cerlgin kinds of information, including many reflexes, are processed direclly in the spinal cord,
A reflex is a quick, sutomalic response o a stimulus,
The way mn which you pull your hand back quickly whan pricked by a pin is an example of a reflex

1. Cerebrum
The largast region of the human brain is the cerebrum,
The cerebrum i= respansible for tha voluntary, or consciows, actibas of the bady.
A deep groove divides the carebrum into ight and left hemispheres,
The hamispheres are connecled by a band of fissua callad the corpus callous.
Each hemisphera deals manly with the oppogite sides of the bady,
Sensations from the left side of tha body go fo the right hemisphare, and thasa from the right side go fo the left
hemisphere. Commands to move muscles are delivered in the same way.
Each hemisphera is dividad inta regions called lobes. The four lobes ana named for the skull bonas that caver tham.
Each of these knbes are associzted with different functions
Cersbral Cortex

The cerebrum consists of two kayers, The outer layer of the cerebrum i3 called the cerebral cortex and congists of
densely packed nerva call badias knoen as gray matter.
The cerebral corfex processes information from the sense organs and controls body movemenis.
o Nis also whera thoughts, plans, and leaming abilies ara processed.
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Faolds and groowes on the oubar suriaca of the carabral corfex greatly mcrease is suracs arsa.

White matter: The inner kayer of the cerebrum ig known as_ white matier,

Hs white color comes from bundlias of axons with myedn sheaths. These amans may connact diffarent areas of the
carebral corex, or they may connect the cerebrum to other areas of the brain such as the brain siem,

2. Thalamus and Hypothalamus

The: thalamus and hypothalamus are found between the brain stem and the cersbrum,

-

The thalamus recsives messages from sansory recepltors throwghout the bady and then relays the infarmathan to the
proper regian of the carebrum for further processing

= Just balow the thalamus is tha hypathalamus.

¥ The hypothalamus is the confrol center far recognition and analysis of hunger, thirst, fatigee, anger, and body
famparature.

#  The hypothalamus also helps to coordinate the nervous and endocring sysiems.

4. Cerebellum

% The second kargest region of the brain is the cerebelum,

% Infarmation about muscle and pint pasition, as well &5 ofhar sensory inpuds, ane sant bo the canabslium.

< Alihough the commands to move muscles come from the cerebral cortex, sengary information allows the ceredbelum to
coprdinate and balance the achans of thaga musdas.

% This enables the body 10 mova gracafully and aficandly.

5. Brain Stem

% The brain stem connacts tha brain and spinal cord. Lacated just tha cenaballum, tha brain stem indudas 3 regions—
the midbrain, the pong, and the medulla oblongata.

% [Each of these ragons regulates the flow of information betwean the brain and the rast of tha body.

< Some of the body's most imporant funclisns—including the: regulation of blood pressure, heart rate breathing, and
swallowing—ars controlled by the brain stem.

Brain stem coes e wark of keepin:

Addiction and Brain

How do drugs change the braln and lead to addiction?

bl

b

<
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Synapsas maka fe brain work by transfarring massages from cell o cell, doing the conscious work of thinking and the
less conscaus work of producing feelings and emations,

Maarly every additive substance, including dlegal drugs such as herom, mathamphatamme, and cocame, and legal
drugs, such & tobacco and alcohal, affect brain synapses,

Althawgh the chamesiry of each drug is differant, they all produca changas n ona particular group of synapsas.

These synapsas use the neursiransmitier dopamine and are associsted with the brains pleasure and reward cenfers

| Dopamine—is neurciransmitier thit is associated with the brains pleasure and reward centers. |

Q0 DG BB B B

‘When we engaga in an achivity that brings us pleasure, whether | is safing & tasty snack or beng praised by a friend,
neurens in the hypothalamus and the Bmbac system release dopaming

Dopamine malacules stimulate ather neurons across thess synapsas praducing the sensalion a pleasure and a fesling
af wallbeng.

Additive drugs act on dopaming symapses in a number of ways.

Methamphetamine releases & flood of copaming, producng an instant "high,”

Cocadne keeps dopaming in the synaptic region bnger, intensifying pleasune and supprassing pan.

DOrugs mada from opium poppies, like heroin, simulaba recaplors alsewheana in the brain thal lead 1o dopamina
TESRESE

Hicotine, the addiive substanca in tobacco, and aicabal, also causa increasad raleasa of dopaming.

The bran reacts to excessive dopamine levels by reducing fhe number of receptars for the neurciransmitier

A5 a result, normal activities no longer produce the sensafion of plaasure they ance did.

Addicts feel depressed and sick without thesr drugs. Because there are fewer recapiors, larger amounts of iobacco,
alcohiod and illegal dregs are reguired to praduca the sama high.

The result is a deeper and deeper spiral of addichion that s dificult 1o break
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The Peripheral Mervous System (PNS)
How does the central nervous system receive sensory information?
The parpharal nervauws system consists of all tha nervas and associated cells that ara nof part of the brain or spinal
eal )]
Cranigd nerves go through cpenings in the skul and stimulade regions of the head and neck,
Spinal nerves simulate the resi of the body. The call bodies of the spinal and cranial nerves are armanged in dusters
called ganglia.
The panphearal nervows systam, owr ink with the oulside word consizis of baa main divisions.
1, Sensary divizion 2. Motor division

¥ The sensary division of the PNS ransmils impulsas from sense organs to CNS.
F  The mator diision fransmits impulses from CHS to the muscle and glands.
= Bensory receptors are cells fhat fransmit infarmabon about changes n the environmant—both infernal and external.
These changes are called stimull,
#  Sensory receptors can be categonized by the type of stimuli io which thay respond.
¥ When stimuiated, sensory recepbors transmil impulses i e cenfral nervous system
Sensory Receplors
Typa Responds o Some Locatian
Chamaoracegtars Chamicals Mouth, nose blood vessels
Pholoraceptars Light Eyes
Mechanorecepiors Touch, pressure, vibrations, | Skin, hair follicles, ears, ligaments, lendans
& siredch
Thermo recapbors Tamperaburs changés Skin, hypofhalamus
Pain raceplors Tissus mjury Throughout the body

2, The Motor Divislon

How do muscles and glands receive commands from the cenfral nervous system?

-

The nervous sysiem plays a key role in maintaining homeostasis by coordnating the activities of ather sysiems and
anjans.

Once it has gathered and processed sensary infarmation, the nenvous system sends commands io the rest of the
body.

Thie matar diisian of the PNS ransmis impulses from the CNS o muscles or glands,

Thesa massages ama relayed through ane of the two divisions, the somatic nervous system (SMNS) or fie autonomic
nervous system (ANS),

1. Somatic Nervous System (SHS)

The Somatic Nervous System regulates body achvities that are under conscicus caniral, such as the movement af
the skeletal muscles,

Most of tha bme you hawve conral aver volunkary muesdia movement, buf whan your bady is in danger the cantral
nervaus systam may takea aver.

1.1 Voluntary Control

#  Every tima you Bt your finger or wiggle your loas, you are using molor neurcns af the somafic narvaus systam.

#«  |mpuisas ariginating in the bran are carned thrawgh the spinal cord where they synapsa with the dandrites of the
MGy neurons.

= The axons from these mebor neurons extend from the spinal cord carrying imputses directly fo musdles, causing
fthe confractions that produca voluntary movaments.

1.2 Reflex Arcs

< Although the somatic nervous system is generally considered o be under conscious coningl, some actions of the
syslem occur automabicalhy!
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% [For exampha if you accidenfally stap on a tack with your bara foot, your leg may ool belore you are evan awara
of the pain,
% This repid rasponse {a reflex) is cawsad by impuisas that fravel a pattway known as a reflex arc.

1. In the above example, sansory receptors react to the sensation of the tack and send an impulse 10 SENSONY NEUMNS.

2. Sensary nawrons ralay the information o fhe spmal cord.

3. An intemeurcn in the spinal cord processes e infiormation and forms the a responsa,
4. A modor neuron camas impulses o its affector, a musca thal it stimulates.

2. The muscle confracts and your leg moves.

Meamwhile, impulses camying information about the njury are sent i your brain,

By the time your bram imerprats the pan, howaver, your leg and foot hawva aleady maved.

The spinal card does not contral all reflemas. Many reflaxes that invabee struciures in your head. 5wuch as blinking
or gneezing, are controded by the brain.

2. Autonomic Nervous System

Gl Bl G b

-
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-
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The autanamic Nervous System reguiates aclivities that are involuntary, or 8re nat under conscious coniro,
The autonamic narous system consists of two agualy important pars, the sympathetic narvous system and
perasympathetic nervous sysiem.
In general, the sympathetic parasympathatic systems have oppasita effects on sach ongan thay influanca.
For example, heart beat rate is increased by the sympathetic nervous system but decreased by the parasympathes:
MEMOLS Syskam.
In general, tha sympathetic systam prapares the body for mbansa achivity.
Hs stimulation causes an increase i blood pressure, the release of energy-rich sugar ino the bleod, and the shutting
doan of achvities nat ralated to the bady's preparation §o “hight or flee” in responza ba skrass.
In contrast, the parasympathetic syslem causes whal might be caled the "rest and digest response
It lrars haart rade and bload pressure, acliveles digastion, and activales pathways that stona food molecules in the
tssues of e body,

L The Sensa Organs

1. Touch and Related Senses
How does the body sense touch, temperature and pain?

Because nearty 2 regions of the skin are sensitive 1o louch, your skin can be considered your langes! sense organ
Different sensony receptors in the body respand b fouch, temperature and pa,
Al of these recaplors are found in your sn, bul some are alsa found in other areas.

Touch

Humean skin containg at least seven types of sensory receplors, including several that respond fo different levels of

pressure.

L]
-

Stimulation of these receptors creates the sensation of ouch. Nok all parts of the body are equally sengitive to fouch
The skin on your fingers, as you maght expect, has a much higher densaty of touch receptors than the skin on your
back

Temperature

= Thermoreceplors are sensory celis that respond 1o heat and cold, They are found throughout the skin, and also
in the hypothalamus, part of tha brain thai sensas blood femparaturs.

=  [Hecently, rmsearchars sfudying the cell memibrane proleins that sansea heat mada an inbaresing discavery. Tha
chemical substance that make jalapeno peppers taste "hot” actually bind o these very same proteins,
Pain

#«  [Pain recapiors are found throughout the body. Some, especally those n the skin, respond 1o physical injumas like
cuthing or bearing

6

(% CamScanner


https://v3.camscanner.com/user/download

Many fisswe also have pain receptors that respend fo chamicals raleased during infection or mflamenation.

The bran, mtarasbngly, does nat have pain recepltors. For this reason, patients hawa aften kept conscious dunng
brain surgery. enabling them o el surgeons what sensations are produced when pans of e brain are
stimulabad.

2. Smell and Taste
How are the senses of smell and taste similar?

#  Chemical-sansng cells knoan as chemoreceptors in the nose and mouth am responsibla far both of thase

SENEET

Sengations of smed and 1asie are bath the resull of impulses sent io bran by chemoreceptors

Your sense of smel is capable of producing thowsands of diffarent sansations.

In fact, much of what we commanly call the “tasta” of food and drink is actually smell.

Ta prove this for yoursedf, eat a few bites of food while hoiding your noss. You will discover that much of the taste

of food disappears unfil you release your nose and breathe freely,

»  The sense organs thal debect taste ana the taste buds. Mast of the tashe buds ara an the tongue, but a few are
found at other locations in the mouth
Sensory cells in the fasie buds respond 1o salty, better, sweet, and sour foods,
Recently, & fitth kind of tasie sensation was ientified, now called "umamd,” from Japanese word for savory
Umami receptors am sfrangly strmulated by monosodium glutamats (M305). a substanca attan added o Asan
foods 1o enhance their flavor,

= They are ato stmulabed by meat and chesse, which typically contain the amina acid glutamate

® F & @

Hearing and Balance

How do the ears and Brain process sounds and maintain balance?

W

The human ear has two sensory funclions, ana af which, of course, is hearing.

The other funcion is detecting pesitional changes associzied with movement

Mechanarecapiors found in parts af the ear fransmit impulzas ta ha brain. The brain translates tha impulses inka sound
and information about balance.

1. Hearing

Sound is nothing more than vibrations moving through the gir around us

The ears are the sensory organs that can disiinguish both the pitch loudness of those wratons,

Vibratiars enbar the aar thrawgh the audibary canal and cause the tympanum or eardrem fo vibrade.

Three tiny bones commonly calied tha hammer, anvil, and stirrup, transmit the=a vibralions fo a mambrana callad
the oval window,

Vibrations there create pressune waves in e fludd-filled cochlea of the inner esr. The cochiea s lined with By hair
calls thad are pushed back and forth by these pressure wavas.

In raspansa, the hair calls send narve impulsas fo the brain, which processes tham as sounds.

2, Balance

Your ears confain structures that halp your central ranvous syslem mainfain your balance, ar equilibrium.

-

Within the inner ear st above e cochles are three tiny canals. They are called semicircular canals because each
forms @ half crcle,

The semicircular canals and the two tiny sacs localed behind them manior ha pasiion of your bady, espacially
your head, in relation to gravity

The semicircular canals and the sacs are filed with fuld and lined with hair cells

As the head changes position, fhe flukd in the canals also changes pesifion, This causes the hair on the hair cells fo
bend.
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This action, in turn, sends impulses {o bram thal enablias it fo delermine body motion and posbon.
The Eye
How do H'lua-]ma'-dtha hﬂm j:l'llhl:-l 'nnurl?

, which fransiates these impulsas inlo
images.
Structure of the eye

Light anters the aya thraugh the comea, a tawugh ransparent ayer of cells.

Y LR

5

-

The cornea halps to focus the light, which then passes through a chamber filled with a fluid called aqueous humaor.
Af the back of the chamber is a disk-shaped struchure calied the irs.,

The Ires is the colored part of the eye. In the middle of the iris is a smal opening caled the pupll.

Tiry muschas in the ns adust the siza of the pupd 1o regulate the amount of the light hat entars the eye.

In the dim light, thee pupil becomes larger and more bght enters hi eve.

In tha bright light, tha pupil bacomas smaller and less light anfers thea eve.

Just behind the s is the lens, Small muscle attached to the lens change its shape. helping o adjust the eye’s focus i
zag near or distant objecls claarly.

Behind the lens is a large chamber filled with a transparent, jellvioe Suid called vitreous humaor

How You See
The lkans focusas Bght onto the retina, the mnar layar of fie eyva.
Photorecepiors are arranged in & layer in the redina, The pholoreceptors convest Iighl energy info nerve impulses that
ara carnad to the brain through the optic nerve.
There ane twa tvpes of photoreceptors: rods and cones. Rods are exiremely sensitive to light, but they do not
distinguish different colors. They only allow us to see black and white.
Cones are less sensitive than rods, but they do respand ta different colors, producing color vision.
Cans are concenirated in the foves, the site of sharpest vision,
The impukas assemibled by this complicated layer of inlerconnected cells leave each eve by way of The oplic nerve,
which carry the mmpuses to the appropriate regicns of the brain,
Thera ara no pholorecaplors whera the oplic nerva passas through the back of the aye, praducing a black spat in part
of each image sent 1o the brain,
DOuring the procassing of e nerve impulsas, the brain fills in the hokes of the bind spot with information.
If the eye meraly ook pholographs, the images would be no more detailed than the Bumry images taken by an
imprassive camara and would ba incomplata.
The images we actually see of the wark], however, are much more detadied, and the reason is the sophisticated way in
which tha brain procassas and inlerprats visual infarmalion.

The ya is a comiglicated senza organ. The sclera, charoid, and retina are three layars of izsues that form: the inner
wall of the eve ball,

The Endocrine System
Hormene and Glands

The endecrine system is made up of glands that reléase hormanas info the blood. Hormaonas deliver massagas throughout tha

body.

Hormiones act by binding to specific chamical receplors on call mambranss ar withe calis.

Calls that have racepfars far a parlicular harmane are called target cells. If a call does not have recepbars far a
parficular hormone, the hormone has no effiect on it

In general, the body's responses b homones ane slower and longer [asting than its responses o nerve mpulses.,

i may lake sevaral minutas, savaral hours, or even sewveral days far a harmone 1o have its full effect an is targat calls.
A narve impuisa on the other hand, may take only a fraction of a second 1o reach and affect ils fargst cells.

Many endocring funchons dapand on the effects of two opposing hormones. Far exampla, the hormoene insulin
prompls the lver to convert blood glucess i glyoogen an ¢ store it

The hormane glucagon prompds the lear bo convart ghycogen fo glucase and releasa it in the bload.
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# The opposing effects of insulin and gluicagon mainfain hameastasis by keeping blood glucose levals within a narmow
range

Giands: A giand 15 an argan fal produces and ralsases a swbsfance, or sscrelion

«  Exocrine glands relaass their sscrefions through fubs five structues (caled ducts) eithar out of fhe body or directiy
infio the digestive sysbem,
Exocrine glands inchide those that release sweal, fears, and digestie enzymes.
Endocrine glands wsualy relaass thair secralions (homones| dinsclly infa the Dlood, which ansporfs the secrafions
throughouwt the body.

= Alfhough nof psusly conskdered g5 endocrine glanas, sdher body struchves such 55 bones, fat izsue, the heart, ang
the small intestine also producs and relsase hormanes.

Major Endocrine Glands and their hormones” functions

Gland Homicne Funciion
1 | Hypothalamus onbral the pituitary gland
2 | Pituitary Glands Requlate many of the other endocrine
lands and othar crgans
3 Parathyroid Parathyroid harmone Requlata the leval of calcium in the bload
Glands
4 | Thymus Thiymasin Slimulzte T call development and proper immune response
& | Adrenal Glands Hedp the body respond to sress
& | Pineal Gland Melatonin Invahved in thythmic aclivities. suchas daily gleep-work cycles
T | Thyrold Thiyraxin Regulates metabolism throughout the body
8 | Pancreas Insulin and glucagon Regulate the level of gucose in the biood
g | Owvarles Estrogen and Estrogen fior deselopment of female secondary sex characteristics and for
progastanane the develapmant eggs.
Progastercne prepares the wienss for a ferilized egg.
10 | Testes Tesiosterona Respansbla for spesm production and the developmant of mala
gecondary sex charactenstics
The Human Endacrine Glands

The Major glands of the endacrine systam includa

1. Pihstary gland 3, Adrenal gland 5, Thyroid gland

2. Hypothalamus 4. Pancreas f. Parathyroid glands 7. Rapraductive glands
1. Pituitary Gland

The pituitary gland is a bean-size structure that dangles an a skender stalk of G=zue at the base of the brain. The pituitary gland
i divided inta two parts:
1. The anbarar piuitary and 2 The postenor pituitary
#  The pituilary gland secrates hormones that directly requiate many body funclions ar confral thew actons of othar
endooring glands,
#  Propar functioning of the pifuitary gland is essenfial. For exampls, if the gland produces too much growth hormana
{ZH] during childhood, the body grows too quickly, resulting in @ condition calied glgantism,

= Too Btle GH during chitdhood causes pituitary dwarfism, which can be freated with GH produced by genetically
anginaerad backena.

£ Hypothalamus
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The hypothalamus, which is attachad bo the postanar puitary, is tha link batwean the cantral nervous systam and the
endooring system,

The hypothalamus confrals the secration of tha pituitary gland. The aclivities of the hypothalamues are influenced by tha
levels of hamanes and other substances in the blood and by sensory information collecied by other parts of the cantral
NErvaLs systam.

The hypothalamus contains the cell bodies of the neung-secretory celis whose axons exiend into the posterior piuitary,
Anfidiuretic hormone, which simulatas the kidney fo absorh waler, and coylosn, which stimulate contractions during
chikd birth, are made in the cell bodies of the hypothalamus and stored in the in the sxons entaring the pogterior

pituitary.
When the cell bodies are stimulated, axons in the posterior pitulary release these hormaones into e biood,
In contrast, the hypothalamus has ndrect cantral of the anbanor pituitary.
The hypothalamus produces releasing hormones, which are secreted into blood wessels leading 1o the antenior
pituitary, which are secrated into blood vessals leading fo the anterior pituitary.
The hypothalamus produces & specific releasing hormane that confrols the secretion of each antenor pluitary
hormane.
Anterior Pilultary Gland Hormones

Harmane Action
1 | Follicke stimula$ing Hormone Stimulates production of matura
[FSH) Qg3 in ovanes and sperm in testes
2 | Luteinizing hormone [LH) Slimulates ovanes and besbes: prepares uterus for impiantaton of
farfilized egg
1 | Thyroid stimulating hormane Stimulates tha synthesss and releasa of thyroadn from the thyroid
(TSH) gland
4 | Adreno-comotropic hormone Slimulztes release of soma
[ACTH) hermones from the adranal cortax
§ | Growsh homona (GH) Sfimulaes profein syrihasis and growth in cells
& | Profactin Sfimulates milk production
T | Melanocyte-stimulaing hormane | Stimulates malanocytes in the skin to increase tha production of
[MSH]) the pigment melanin
3, Adrenal Glands

Y YW

The adrenal glancs are pyramid-shaped structures that sit on the top of the kidney,
The outer part of the adrenal gland is the adrenal corfex and the inner part is e adrenal medulla.
About B0% of an adrenal gland is its adrenal corfex. The adreénal cortax praducas mora than twa dozan skanaid
hormones cabad conicosteraids,
One of fhese hormones, akdosterone, regulzies blood volume and pressure, Its release is stimulated by
dehydration, excessive bleeding, or Ma+ deficiency.
Anather hormone called, cortisol, helps contral the rate of medabolism of carbohydrabas, fats, and profeins. Cortisol is
refeasad during physkcal stress such as intense exercize.
Hormanas raleased from the adranal medulia praduca the heart-pounding, arxious fesling wau gat when axcitad or
frightened=—commanly known as the “fight ar flight” respongs,
When you are in his sorl of siress. imputses from sympathetic nervous system stimulate cells in the adrenal medulla to
refaasa large amaunts of epinephrine [commonly known as adrenaiing)] and norepinephrine. These homanas
increase heart rate and biood pressure
They also cause air pathaays to widen, allowing for an increase in oxygen intake, and stimulale the release of extra
glucose.
rfm::eammespeedaup and your hands sweat when you lake a test, it is your adrenal medulla at wark!

. Pancreas
The pancreas is bath an axocrme and an andocring gland. As an axpcnne gland if releasas digastiva enzymas thal
help bregk down food,
Howesar, other calts in fha pancreas releasa hormones inde the blood.
The harmone-producing portion of the pancreas consists of dusters of calls.
Thesa dustars, which resembla islands, are called the "islets of the Langerhans,” atter their descasar, Garman
anatomist Paul Langerhans,
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Each islet contains beda calls, whach sacrebe the hormone insulin, and alpha cells, which secrele the homons

glucagan,
Insulin and glucagon, praducad by tha pancraas, help ta keep the blaod glucose leval stabda,

Blood Glucose Regulation

Whan blood glucase kavals rise afler a person eats, tha pancreas releasas insulin. Insulin stimulades cells to taka
glucose out of the blood, which prewents the levels of biood glucose from nising 100 rapidy and ensuwres that glucoss
i5 slored for future.

Insulin's majar targed cals are in tha liver, skeletal muscles, and fat tissue.

The Irear and skelstal muscles store glucoss as glycogen. In fat fisswes, glucoss is corverted io lipids.

Within ane ar two hows afier @ person has eaten, when the level of glucese drops, glucagon Is released from the
DENCreas

Glucagon stimulates the livar and skedatal muscla calks to break down glycogan and release glucess into the blood.
Ghicagon also causes fat cells to break down fats 50 that ey can be comverted o glucose,

These actions help raize the biood glucose level back 1o nommal,

Blood glucose control
Insulmn and glucagon are toposing homaonas thal ensuna blood glucosa levels slay within a narmal range.

Food intake Increases
blood glucose level

promaltes glucoss
uptake B Pancreas releases nsulin or glucagon Promotes break

down af ghycogen

&

v

in responss b blood glucose levels
Between meals, blood glucose level drops

Diabetes Mellitus

When the body Talds 1o produce or propery respand to insulin, & condition known as disbetes mellitus ooours.
The very high blood glucose levels that result from diabetes can damage almast every system and cell in the body

There are two types of diabetes melitus. Type | diabetes is an autoimmune dsorder that usualy develops in people
bedore the age af 15.

The immuna system kills beta calls, resulfing in litha or no secration of insuln. Peopls in type | diabetes must follow a
sinct digt and receive daily dosas af msulin bo keep fher blood glucosa level under control

The secand fypa of diabetas, type |l mast commonly dévelops in paople after the apa of 40.

Peaple with type |l diabetes produce low to normal amounts of insulin, Howewver, their calls da not praperly respand o
e hormene because the interaction of insulin receptors and Insulin is inefficient.

In ifs early stagas, typa Il diababas can ofien be controliad through diat and axendisa.

Unforfunabealy, the incidenca of bypa 1| diabatbas is rising rapidly as a resufl of increasing obesily, espacially among
young people.

Thyroid and Parathyroid
The thyrodd gland is located af the base of the neck and wraps around the upper part of the raches

The thyraid gland has a maar role in regulating the body's metabolism. Recall thal medabolism is tha sum of al tha
chemical reactions that occur in the body.

The thyraid gland produces the homana thyroxin, which increases the matabohs rata of calls thraughout tha body.
Under the muence of thyroxin, cels become maore active, use more energy, and produce morne heat
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ledine is needed fo produce thyraxin. Low levels of thyraxin in iodine-daficient infands praduce a condition called
cretinizm, in which neither the skeletal system nor the nenous system develops properly,

kodine daficiency usually can ba prevanted by the addition af small amounts of edine o lable sa¥ or ather food fems.
If the thyroid produces: too much thyraxin, & condiion called hyperthyroidism ocours,

Hyperthyroidism razults in:

- ® 8 ®

MNervwousness,
elevated body lemperature,
increased biood pressure, and
weight loss,

Toa litle thyroxin causes a condition called hypothyroidism.

L]
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Lower body temperature, lack of energy, and wesght gain are signs of this condition. A goier can be a sign of
hypothyroidism.

The thyraid also produces cakeiionin, & harmane that reduces Bogd calciim levals.

Calcitonin signals the kidneys to absorb less caloum from filirale, inhibits calcivrn’s absarption in tha small intasting,
and promoles calcium's absormption into banes

Its opposmyg hommana is parathyroid harmone, which is releasad by four parathynoid glands located an the back
surfaoe of the tyroid,

Parathyroid hormane (PTH] incraasas the calcium |evals in the bload by promaling the ralease of calcium from bone,
the reabsorption of calcium in the kdreys, and the uptake of calcium from the dgestive svsiem

The actions of PTH promabe propar narve and musde funchion and praper bane structure.

Reproductive Glands

The gonads—oavaries and lestes—ars the body's raproductive glands. Tha gonads sarve two important funclions:
1. In females. cwaries produce ecgs and secrede a group of hormones called estrogens.,

2. In males, tha tastas produca sperm and secraba the harmane testosterons.

Reproductive System

What effects do estrogens and testosterone have on female and male’?

Af firgt, male and female human embryos are nearly identical in appearance: Then, during e seventh week of
dewvalopment. the reproductive systams of mak and famala embryos bagn to devalop along diffarent linas.

The male patiern of development is ripgerad by the production of the testesterana in the gonads of the embnya,

n famala emiryos, testostenans is absent and tha famale reproduciive syslem develops undar the influsnce of
estrogens produced in the embryo’s gonads

Estrogen and testastarone, which have powerful efiects on tha body, are stemid homonas prmanly prodwcad in the
gonads.

In addition %o shaping the sexual developmeant of the embryo, thesa hormones act on calls and tssues o produce
many of tha physical charactenzhics assocaled with makas and famales.

In fernales, the effects of the sex homaones include breast development and a widening of the hips.

In malas. the rasulf in tha growth of facial har, increased muscular devalopmeant, and deepening of the voica.

In childheod, the gonads and the adrenal corlex produce low levels of sex hormane that influence development
Howevar, neither tha tastas nor tha ovanes can produca active raproduciive calls unbil puberty.

Puberty is a pericd of rapid growih and sexusl maturation dunng which the reproductive system becomes fully
funclional.

The age af which puberty begins vanes considerably ameng individuals,

H usually pocurs betwasn tha age of 9 and 15, and, on averaps, begins about one year earbar in femalas than in
males

Puberty achually bagins in the brain, when tha hypathalamus sgnals the pluitary o produce bwo harmones that aflec
the gonads—Ffollice stmulating homane (FSH) and luteinizing hormone (LH).
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The Male Reproductive System

The release of LH stimulates cells in the testes o praduce increased amounts of testosterone.

* & B &

Tashostarons causes tha mala physical changsas associatad with pubsrty and. together with F5H, simuiates the
development of sperm.

‘Whean pubsarty &= complata, the reproductive sysbam is fully functional, meaning that the mala can prodwecs and relaase
active sparm,

J.Jsthaff:l birth {or somatimes pust afer), the pnmary male reproductive crgans, the baskas (singudar; basts), dascend
from the abdamen into 8n extemal sac called e scrotum.

The testes ramam in the scratum, outside the body cavity, whare the lamparature is a few dagrees lower than the
normal temperatune of the body (370C),

The lower fempéaratuna is impariant for proper sparm development.

Sperm Development

‘Within each tasts are clusters af hundrads of by tubules called seminiferous tubules whera sperm devalop. Recall
that a haploid cell condaing only 8 single set of chromosomes,
Aftar they are produced in the saminfarous fubuas, spem aré maved inho & tube called tha epididymis, in which thay
mature and are stored
From the apididymis, some sperm ara movad indo a tube called the vas dafarans.
The ves deferens extends upward fram the scrotum into the abdominal cavity
Eventually, tha vas dederens margas with the urethra, tha tubs that leads fo the outside of the body through the

nis.
glands fining the raproductive traci—including the saminal vesiclas. the prostata, and the bulbourathral glands—
produce a nutrient-rich fluid caled seminal fluld.
The serminal fuid nourishas the sperm and pratects tham from acidiy of the female reproductive tract
The combination of 2amen and saminal fluid is known as semen.
The number of sparm present in even a few drops of semen is astonishing, Between 50 milion and 130 millon sparm
ara presant in 1 milliibar of =aman. That is about 2.5 million sparm per drop!

Sperm release

Whan the male is semually arousad, the autonomes narvous sysiem prepamas the mala organs fo delvar sparm.

The penis becomas enact, and sperm ane ejected from the penis by the contractions of the smooth muscies lining the
glands in tha regraductive tract.

This process is cabed gjaculation. Because ejaculation is regulated by the auvicnomic nenvaus sysiem, & is nol
completely valuntary.

Aboia 2 to & milimeters of semen are released in an average eacudation

if the sparm in this semen are raleased in the raproductive ract of a femals, the chances of a single sperm ferdilizing
an equ, if one is avadable, are very good.

Sperm Structure

A mature sparm cell cansists of a head, which contains a haghly condansed nucleus; & midpiece, which is packad
with enengy-releasing mitochondriz; and & tail, or lagelum, which propels the call forsard
A} the lip of the head is a small cap confaining enzymes vilal 1o feriization.

The Female Reproductive System

The primary reproductive organs of fie female are the ovanes,

Az im the males, puberty in females starts when the hypothalamus signals the pituitary gland to refease F5H and LH.
F5H stimulates calis within the o varies o produce increased amounts of astogans and fo starl producing egg calls.
The main funciiaon of the female mproductive sysbam is fo produca egg calls or ava [singular, owum). In addition, the
syslem prepanes he famale’s body 1o nourish a developing embryo.

Af puberty, each ovary containg as many as 400, 000 primary follicles, which are clusters of calls sumounding &
single cell
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The function of a follicle & to help an egg matwre for release into the reproductive tract, whera it may be fertlized
by a sperm,

Despite the huge number of primary follickes, a females ovanes refease only about 400 mature eggs in her life ime.
In addition o the ovaries, other structures in the female reproductive system include:

Fallopian fubes (owidwcts), 2. Cervie and 1 uderus, 4. Vagina

The Menstrual Cycle

Ona owary usually praduces and releasas ana matura ovurm avery 28 days or s0.

The process of egg formation and releasa accurs as part of fhe menstrual cyde, a requiar sequence of evenls
iréplvireg the ovaries, the ining of the ulerus, and the endocring sysiem.

The menstrsal cyde is requiated by homaones made by the

hypathalamus.

pituiary, and

avarnes; and it i controded by mbemal feadback mechanisms.

During the menstrual cycle, an egg develops within a follicle and is released from an avary
In addition, the uterus is prepared to receive a fertilized egg.

If an egg = nat fertilized, it is discharged along with the lining of the uterus

if an egy & fertized, embryoni: development begins and the menstnial cycle ceases

The menstrial cycle includes:

Fallicular phase 3. Luteal phase, and

Chulation 4. Menstruation

1. Follicular phase

On day 1 of the manstrual cycle, blood astrogan lavels are low.
The hypothalamus reacts 1o low estrogan lavels by producing a raleasing hormona thad stimulales the antanar piuitary
to secrele FSH and LH.
These two homones travel o the ovaries, where they cause a follicle 1o mature
Usually, st a singa follicla devalops, bul sometimas fwa or evan threa mature during the same cycle.
A5 the folicle davelops, the ceds surrounding fhe egg enlargs and begin o produce ncreased amounis of astrogens.
This causas the esiragen leval in the blood to rise dramatically.
High blood estragan levals causa tha hypathalamus bo prodwea less releasng haormana, and the pituitary relaasas lass
LH and FSH.
Estrogens also cause the ining of the wierus b thicken in preparation for receiving a farlilizad egg.
The davelopmani an agg during this phasa @kes about 12 days.
2, Ovulation
A5 the Follicke grows, it releases more and more esfrogens.
‘When concanfrations of thase harmones reach a carlam leval, tha hypathalamus macts by ripgenng a bursi of LH and
F3H from the anterior pituitany
The swdden increase in thase harmones (especialy LH) causes the follicke to rapture, The resull is evulation, tha
refaase af an eqg from the ovary into one of the fallopian tubes.
Whan releaszad, the eqg = stallad in mataphasa of maiosis 1| and will remain fhat way unless it is ferflized.
Ag the newly released egy & drawn nto the falopian tube, microscopic olia push the cell through the flusd-filled ube,
toward utenus,
1. Luteal Phase
The luteal phase beqins immediately after ovulation. As the egg moves through the Fallopian tube, the cels of the
rapfured fallicls changsa.
The folicle tums yallow and is now known as tha corpus luteum, which means “yellow body” in Lain.
The corpus lubaum cantinues 1o releasa estrogens but alsa begins to releasa anathar sharcid harmone called

progesterone,

Progesterone also stimulates the growdh and development of the bload supply and surrounding Bszsua in the already-
thickened utering lining
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The resa in thesa hormones once agam inhibits the production of FSH and LH. Thus, addifional fallickes do nat develop
during this cvcle,
Unless fertlization oocurs and an embryo stars to develop, the fal of LH levels keads to the degeneration of the
corpus lufeum.
Estresgen levels fall, tha hypathafamus signals the releasa of F5H and LH froem tha andarior pituary, and tha fallicular
phase baging again

4. Menstruation
Af thie star of the naw fallicular phasa, low esirogen levels also causa the Ining of e werus to detach from the utaring
wall
This tiszue, alang with blood and the unfarlilized egyg ana discharged through the vagna. This phase of the cyda is
called mensiruation.
The Latin word for “month” is mens which is why the reproductive cycle is called the menstrual cycle ar monthly cycle,
Menstruation lasts about three 1o seven days on average.
A new cycla begins with tha first day of manstuation.
The manstrual cyde conbnues, an avarage, unkl a famala is in har late forfias to eary ities.
At this Bma, the production of estragans declinas, and avulation and menstruation slog. The parmanent stopping af the
menginigl cycle is called menopauze.

Pregnancy

Of cowrse, the menstrual cycie also ceases if 3 woman becomes pregnant,

Before the first twio days of the luteal phase, immeadiately follewing ovuiation. the chances that an egg will be
fertilized are the greatest.

This i usually from 14 to 18 days after the complation of the last mensirual cycle

If & sperm ferilzas an eqyg, the ferilized egg complates melosis and immediately undergoes mitosis,

After severa divisions, a ball of cells will farm and implant itseff in the Bning of the uterus,

Within a few days of implantation, the uterus and the grawing embren will release hormaones thal keep e compus
luteum functioning for sevaral waeks.

This allos the ining of the wienss to noursh and protect the developing embryo end prevents the menstrual cycle from
starting again.

Fertilization and Development

The story of human development begins with the gametes—sperm produced in the tesies and egg cells produced in
fhe owaries.
Sparm and agg must meaet, 50 fhat the bvo gamedes can fuse to farm a single call. With this single cell the procass af
development begins,
The fusion of a sparm and egg cell is called fadilzabon.

Fertilization
Duning sexugl mtercourse, sperm &re releasad when semen is ejaculaled through the penis into the vaging.
Semen & genarally refeased just below the cervix, the opening that connects the vaging to the uterus. Spemm swim
actively through the ubarus nba the Faliopian fubes.
Hundreds of millions of sperm are released during an ejaculation,
If an &gy & present in one of the falopian fubes, itz chances of being fertiized are good
The egg is serounded by a protective layer that containg binding sites to which sperm can atiach
The sparm head then releases powerful enzymes that break down the protective layer of the egg.
The haploid {M) sperm nudleus enters tha haploid egg, and chromcsomes froen sparm and egg are brought ogethear.
Oinca fhe two hapioid nuckei fuse, a single dpleid (2N) nucleus is formed, containing a single set of chromosomas from
each paneni ced
The fertlized eqg is called a zygote. Al this paint the developing human can also be cabed an embryo.

What prevents more than one sperm from fertilizing an egg?

Early in the twentieth century, cell bickogst Emest Everett Just found the answer,
The egg cell contains & senies of granules just baneath its ouber surface:
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Whan & sparm entars the egg, the egg reacts by releasing tha condent of these granules outsida the cell.
The matarial in the granules coats the surface of the egg, farming a bamier that prevants othar sparm from aftaching fa,
and eniering the egg.
Multiple Embryos

if baa ggs are refaasad during the same menstrual cyclas and each is fertilized, frafernal twins may result.
Fraternal twing are noft identcal in sppearance and may even be different sexes, because each has been formed by
fhe fusion of a differant sparm and differant egg cell.
Sometimas a single zygode splits apart and fwo genetically identical embryos.
Thesa two ambryos are called identical twins. Bacausa they result from the same ferfiize egy, identical twins are
always tha same sex

Implantation
‘Whila =hill in the Fallopian tuba, tha zygode begins to undergo mitosis.
As the embryo grows. 8 cavity forms in the cenber, until the embryo becomes a halow ball of cels known as a
blastocyst.
About six or sevan days afler fertilizafion, the blastocyst attachad ba the wall of e ulerus and begins fo grow inbo the
tssue of the mothes
This process is known as Emplantation. AL this paint, ceds i the blastocyst begin to specialize,
This specialization procass, called differentiation, razulis in the development of the various bypes of fssues in tha
body
A clister of cells, known as the inner cell mass, develops within the inner cavity of the blastocyst.
The body of the embryo will develop from these cells, whie the offer cells of the blastocyst will differentizie inta
same af tha fissuas that support and protect the embryo.

Gastrulation
Az development continues, the embrye begins a senies of dramatic changes that will produce the key structures and

f=sue layars of the bady.
Key evens in aary development inchuce gastrulation, which leads to e formation of nervous fissus.

Gastrulation is the process of cell migration that results in the formation of three cell layers callad:

1.

" ¥ & ® ® ® @

Ectoderm 2. Masodemm ard 3. Endodenm

The ectoderm and endoderm form first,

The mesoderm is produced by a process of cell migration {during gastrulation, some cells migrate from the ectodam
and fiarm the masodanm).

The ectoderm will develop mito the skin and tha nenvous system.

Mesaderm cells diferantiate and form many of the body's infemal stuctures. including bones, muscles, blood cells

and gonads.
Endoderm farms the inings of organs in the digesive system, such as:

1. slomach 2. Intestines 3, respiratory system 4. exoretory systems,
Haurulation

Gastrulabon is falawed by anather impartant stap m devalopment called neurulation.

Meurulation is the first siep in the development of nervous sysiem

Shortly after gastrulation is complate, a block of mesodermal tissue beging o differentiale into the notochord,
Fecall that all chordates possess & nodochond &1 some stage of developmant,

As the notochard dewvelops. the actodarm naar the nolochord thickens and farms fha neural plata.

The raised adges of the neural plate form neural folds and the nawal crast.

The nawal fols gradually mowa together and foem tha naural bubsa, fram which the spinal cord and tha brain will
develop.

Cals of the neural crast migrata ba other lacations and bacoma typas of nerva calls, and other sfructures such as the
lower jaw.
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The Placenta
Az the embree develops, specialize membranes Torm o profect and nourish the embryo,
The embrye is surounded by e amnion, a sac filled with amniotic fukd that cushions and protects the developing
ambryo.
Another sac, known as fhe chorien, forms just cutsida fhe amnion.
The charien makes direct contact with the tissues of tha utens
Mear the end of the thind week of development, smal, fingedike projections called charionic villi form on the outer
surface of the chonon and axtend inlo the ubarme ning.
The chananic vili and ubanne Bning form a vilal argan called fhe placenta.
The placents is the connection between e mofher and the embnyd thal acls as the embryos organ of respiration,
nourishment, and excretion.
Across this thin barmer oxygan and nutrients diffuse from mather's blaod 1o the ambryo’s blood; carbon dioxide and
metabalc wastes difuse from the embryo's Blood to the mosher's biood,
The blood of the mother and that of the embryo flow fast each ather, but they do not mix,
The exchange of gases and ofher substances occurs in the chorionic villl
The umbilical cord, which confains bwo artanes and ana wain, connects the embryo 1o the placania.
Aftar eaght weaks of devalopment, the embrya = called a fatus.
By the end of the threa manths of develaprmant, most of the major organs and Bssues of the fetus are fully fomed.
The fetus may begin to mowe and show sgns of reflexes. The fetus is about 8 cenimeters long and has & mass of
abaut 28 grams.
Later Development
Although most of the tissues and organs of the embryd have been formed afler three months of develapment, many of
fhem ara not yet raady o ga o wark their ceen.
On average, ancfhar six months of development takas placa before all of thase systems are fully prapared far life
oidside the ubens
Months 4—6
Ourng the fourth, fifth, and sixth manths after ferfilization, the tissues of the fetus become more complax and
specialized, and begin to function,
The fedal heart becomes larga anaugh 5o that it can ba heard with the stathoscaopa.
Bone continues to replaca the carfiags thal farms the eary skelaton
& lawar of soft hair grows owvar the skin of tha fatus.
Az the Telus increases | gize, the mothers abdomen swelks 1o accommodate i, The mother begins to fedd the felus
moving.
Months T—5
During the last three months befone birth, the organ system of the felus mature, and the fetus grows in size and mass,
The fetus daoubles in mass, and the lungs and other organs undengo a series of changes that prepare them for life
outside the vierus.
The fefus is now able to regulate its body temperature.
In addition, the ceniral nenvous system and lungs complete their development
On average, il Bkes nine months for & felus to davelop fully.
Eabies bom bedore eight months of development are called premature babies and aften have severe breathing
problems as a result of incomplete lung devalopment
Child Birth
Aboud nine months afler fertilizasion, the fetus is ready for birth.
A comiplex sed of factors triggers the process; ene of these factors is the release of the hormone exytecin from the
mithar's posterior pituitary gland.
Cuytocin affects a group of large invaluntary muscles in the utering wall,
A5 thesa muscles are simulaled, they begin a senes of rhythmic confracion collectively known as labar.
Az [abor progreases, the contracions become mone frequent and more powerful,
The opening of the carvx axpands unbil it & larga anawgh for the head of the baby o pass through
Af zome paint, the amniolic sac breaks, and the fuid § contains rushes out of the vaging
Conbractions of the uterus force the baby, usually head frst, out through the vagina,
Az the baby meets fhe outsade world, he ar she may begin 1o cough or ory, @ process that rids the lungs of fuid,
Braathing starts almost immediakaly, and tha blaod supply fo thea placanta begins b dry up.
The umbilical cord is clamped and cul, having leaving a small piece aflached ko tha baby.
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This peace wil soon dry and fall off, leaving a scar known as the navel—ar, its more familiar ferm, tha belly bution.
In a fingl series of ulerine conbractions, the placenta itsedl and the now-empty ammiclic 5a¢ are expelied from the utens
as the afterbirth,
The baby now begins indepandent exslence. Most newboms ane remarkably hardy
Their gyslems quickly maka the swilch to life cutsids tha ulemnus, supplying thair can axypan, axcrefing wasies on their
own, and mainzining their own body lemperatures,
The intarachion of the mather's reproductive and endocone sysbams doas nof end at chddbirth.
Within a faw hours after birth, the pituitary hormone prolactin stimulates the production of milk in the breast tissees of
fhe mothar.
The nutrients presan in that milk contan evenything the baby needs for growth and development during the first few
manths af lifie.

Infant and Maternal Health
Althawgh the placanta acts as a barrier o many harmbul or diseasza- causing agents, stma da pass through this barmer
and affect the health of the embryg.
% The virus that causes AIDS can infect the developing fetus, and the virus respansile for rubalia (Garman measles)
can cause birth defects, Aloohol can permanently ingure

Q& g Bl R

&

1. Spermatogenesis

maeiosis ||
i2n]  meiosis |

Sperms

Homeostasis

Homeostasls — mantenance of nomal internal conditions in & cell or 8n organism by means of self-regulating mechanisms,
Gk. Hamoos—lika or the same and slasis—staba,

Intermal envircnment =I5 the immediate suroundings of the calis,

In mammalian bszues cells are surrcunded by finy spaces fillad with a fluid called fisswa fuid.
Tissue fluid supphas calls with nutrents, cxwgen and mineral ions and remaves wasbes from them,
The tissua fuid raprasents tha organism's intermal environment.

Homeastasls is essential for proper body function b ensure survival of the argansm

o YW

Among thase faclors that need a homeastabc confrol are controlling

1. Controling temperatune
2. Maintaining water balance, and

3. Regulating bood sugar
1.  Tempearatwre requlation
One of the most imponant faciors which animals need o contrgd & the intemat o core: body lemperaturne,
Heat iz a form of energy which is produced in a rumber of ways including the sun and by artificial heating systems.

it i5 also genaratad by the chemical reactions which lake place in our own body.

Temperature is a way of measurng hotness of coldness (the effect of heat enangy) on a relative scale
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It i5 witally imporant that whenever wa go and whatevar we do our body fsmparafure is maintaned at tha bampératura (around
TG al which our enzymes work best,

it is nod the temperalura al the surfaca of an argansm which matiers — tha skin lemparature can vary enormously without
causng harm,

It is tha tamparabure deep insade tha body, knawn as tha intermal or core body temperature, which must be kept stable.

Wi can ged & good measure of our human core body temperature by faking the temperatine in the mawth, in the anus or on the
surface of the eardrum.

Fegulating body temperature i very critical because celis can live and work at oplimum body temparature,
‘With regard to tamparabure regulafion animals can ba divided irlo twa groups. These are:

1. Polkilatherms
2. Homeotherms
Polkilotherms
These anmals produce little inlernal heat and have litts insulation,
They raly mora on heaf darived from their environment fhan matabaobic haat in ordar o raisa fher body femparature.
In gemeral, poikilothams ara animals whose bady temperature increases or decrazsas as tha bamparature of hair
surrgundings raise or falls down
When the cutsice tempersture is too hot or oo cold, most polkilothermes become Inactive.
Howeser, some pokilotherms [ive in temperste regons whene the climate becomes extremely cokd i the winber and
axlremaly hot in the summar seazans.
»  Some poikiletheons that live in cold climates go into a period of deep sleep until the oold season passes, This is what
we call hibernation.
#«  (On tha othar hand, there ara animals that go inka a period of deap sleap until a very hal s8ason pazses. This is whal
we cal agstivation.
#  Inboth hibermation ard aestivation the animals:
I.  Heart baal slowly

Il.  Blood circulates suggishiy

. Body tamparature drops

I,  Breathing mtervals become very kong

V. Live on very food or depand an thair storad food (fal)

R

[ I

When poikilothems are cold, they may

= Busk in the sun
#  [Prass thair bodies close fo a warm suriace
#  [Eract spacial sails or arsas of skin which wil allaw them 1o absorb mona heat from the sun.

When they are gatting too hot, ey may

Move inta the shade
= Move into waler ar mud
1. Homeotherms — ara anemals whose body lemperature within cartain limits is independent of the temperatura of thair
external enviranment.
#«  They raly on a high metabobc rata bo generate haai and they have mechanisms ko regulate their body lemperatura
at a fairly conatant level,
= One of e advantages of being & homeatherm is that if the body temperature can be kegt at around 372C, for
inslanca in human beings. then enzymes can always work very efficianily, no matter what tha outsade temperatura
is
= 5o, metabolic processes can keep going even when the outside is cold or hol. Thal means, being homeothenmic
pravidas constant colimum condibons for tha anzyme candrolled metabolic procassas.
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Temperature Regulation in Homeothermic Animals
In homeotharmas animals there is a gonfrglling center in thair brain that balances heat production in their body against
heat lass. This contralling centar is called the hypothalamus.
Homeathermic animals heve additional mechanisms ta requlate their body temperature under oo hat or oo cold
canditions.
1. Physiological methods
2. Behawioral methads
3 Momphglogical methods
. th:luhglul miethods

Swaating
Wasodilation
Panling and licking
Vasocansiriction
Pilgeraction (pulling the hairs upright)
Shivenng and metabolic responses
Fat layer undear tha sk (Subcutanaous fat)
. Bahmnml methods of femiperature regulation

Clothing

Seaking shade or shelier

Taking high calorie food

Hibemalion

Aeslivation

Walawing or bathing

Buming fires, ceniral heating, air condioning, eic.
In humars conbrol of the femperature relies on te thermoregulatory center in the brain.
This cenber contains receptors which are sengifive to the lemperature of the blood fliowing through the brain itself,
Extra mformation comes from the fempearature racapiors n the skin, which sand impulses 1o the themaregquiatony
cenler giving information about the skn lemperature
These receplors are 50 sensilive; fhay can delect a differanca of as litthe as 0.5°C.
When the thermoreguiatory center detects changes cur first responses are conscicus—we put more clofhs on, or take
dotheas off, move autside or light a fire.
But if e cone tempearature stats o move in one drection, or the ofier, sutomatic body responses take over,
The controd of body temperature is an example of a negative feedback bop

T e L RO
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The feadback caniral of the bady tamparabure invahes the femonagulalory canér m the bran and the skin (rsad 359 pp 127).

s Morphologlcal methods
Sinca most heat loss or gain & from the bedy surfaca of an organism, the surface area of an animal & an imporiant
aspact with regard 1o temperature reguiation,
The wolume of an abjact = the distance within the object fircugh which matenals exchanged travel from ifs sufaces.
Hanca, tha smaller of an object the greater is its surface area fo volume ratio .
This means thai smaller animals have greater surface area to volume ratio.
As @ result they tend o [ose heat &t a hegher rete jo their sumoundings.
To replace the lost heal these animals have a higher melabolic rate and &5 & resull the amount of heal they prodisce

per ursf of bady weaghd [i. e. Calarie | kg/day) will ba higher, and that is why smaller animals eat mare iood par unit of

[;
Buf the amound of fotal haat ii. a.) heat'body mass) that smalkar mammaks produce &= tha least ane.

Conclusion
Sinca small birds and mammals have bighar raba of heat loss they could MOT surive in gold climatas because thay
would lo=a heat fasler than thay could produca it ewan with a high rate of mefabolism.
*  nhot climates, however, the rate of heat kogs & ROT as greal as ther surmoundings,
Large mammals like elaphants, rhinocarcs, hippopoamus e in the fropics (hot dimales) because of tha availability of
food Mems in these areas. 3ince such animals have smal surface area 1o volume ratic they would mat kse heat fast
anaugh.
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Ta help them survive n these hol regions and incraase thair raba of heat loss, the anmals kave vanous marphological and
behavioral acaplations, like fokds of skin, flopy ears. long kegs in elephants. eic. which all increase the suriace area of the heat
Iass.

Water Balance and londc Contrd

‘Water balance i= a problam in barrastrial {land) animals. Water balance in such animals is achievad by balancing the process
of water loss and gain,

This balancing roka is dona by the kidneys. The fotal amount of waber gainad and lost by all adult human baing par day is equal.

Tabke: The average daily water indake and loss inan adult human per day

Source Waker Intake Water loss Waler loss
Amourt in cubic In terms of Amaunt in cubic
centimedar canfimabar

Drinking 1450 Uring 1500

Food B00 Sweadt 500

Respiration | 350 Lung evaporation (breathing] 400

Faeces 100

Total 2600 oo 2600 ¢o

From the abowa tabla it is claar that tha fafal amaunt of wabar gainad (i.e. 2600 cc) is equal ta the tatal amount af water lost which
is also H60) oo,

The watar balanca is mantained by tha kidneys. Kidneys remove any excess wabar and it laavas tha body as urine.
If we are short of we produce very litle uring and most water & saved for use in the in the body,

Hwe have too much wabar Bhen aur kidneys produce labs of uring bo get nd of the excess.

The ion concendration of the kidneys — parlicdarly ordinary salt—is also mportan.

Wi tlake m minaral ions with our foad.

Some ane lost via cur skin when we sweat, Again the kidnay is most important in keeping an ion balance.,

Excess minaral ions are ramovad by tha lidnays and lost n fhe urina.

The balance of water and salts in cur bady is wery imponant because of the osmatic impact on our cells.

It the balance is wrong 50 controlling tis balanca is known as osmoregulafon.

YV VYWY Y Y

Urinary System
The Unnary system of humans consesis of:
1. Kidneys 3. Urinary bladder 2, uretars 4, urethra

1. Kidnieys — ara tha mam axcrebary organs that excrete nitrogenous and afer matabalic wasies in the form of unne. Each
kadney is about 10cm?, long and shaped ke a bean

2, Uraters — there are bwa wnaters one arising from each kidney.

¥ Urine formed in each kidney passes oul indo the ureter which camies it bo the urinary bladder,
= Urina movas n the ualer by tha peristaltic waves af its walks.

3, Urinary bladder — & large storage sac that collects unng from both kidneys,
= WUrin is temporanily stored here until it is released via the urethra,
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4. Urathra — i= a zmall fube that camies wing at intarvals from uninary bladdar to the exterior.

= Thene is a urathral muscular sphincer present al the base of the urethira which consists of 8 circular band of
muscles

By the contraction and relaxafian of these muscles, the flow of uring indo urethra is contralled.
The sphinciér keeps tha urathra closed axcegpt dunng woidng of wine.

Homeostasis and the kidney

How do The kidneys remove urea and coniral the levels of waler and ions in our body?

Blood flows inko the kidnay along the ranal adery. Tha blood = fitered. so fluid confaining water, salt, urea, gluecose and many
other substances & forced cut into the &dney ubwes called nephons

Then everything tha body neads is taken back (reabsorbed), including & of the sugar and the mingral ions neadad by the body.
The amaunt of water absorbed depends on e needs of the body,

The waste prodwsts like urea and axcess ions and water that are nat nesded by the body are raleased as uring.

Each kidnay has a very rich blood supply and is made up of millions of finy micrescopic tubules called nephrons,

Al hea Bbaring and reabsarption processes taka place in tha neghnan.

= O kidnays are vary important organs of homeosiass, Involved n controiing the foss of waler
and iminaral ians from e body a5 wall as gafing vd of wea. Read page 137
Kidneys filfer he bicod ano remowe materals wihich are nol meeded io fvm uing
Mephrons (the kidney tubiles) ane the wmits which camy ol the work,
Each nephvan 15 12 = 14 mvm lomg, buf amly atieut 10 microns wide, and there are arund 1.5
mitlan of thevr in each midnay.

Structure of the Mammalian Kidney

L Extermal Struchure

Mammalian kidheys ane located on either side of the back bane of the posterior surface: at the abdaminal cavity,
LLeft kidney is pesdfioned higher than the right ons in man,

At the anbariar end of each kidney is pregand an adranal gland.

On the concave sida (daprassed) of aach kadnay, thare i median and indentation called the hilum fom whare
thres fubes:

¥ B @

=  the ranal adery
= the ranal vain, and
= the ureters pass out
Il. Intarmal Sdruchuras
1. Renal corex
« N is tha cutar mesd region towards the cortax surlace af thea kidnay
+ Il contains the glomeanli of the nephrong
2. Renal madulla
»  Mis a region justirmer ta rengl cortex
« N confains renal
= fubules,
s colecting ducts and
»  blood wessels present in the form of renal pyramids.
#  The conical pyramid mass propacts inba the renal pelhvis.
¥ The uring is drained inte the renal pelvis and is passed through minule cpenings at the apicas or papidlae of the
pyramids.
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3. Renal pelvis
5 & larga funnel shaped space behind the medulla regon
Urina is callactad in tha renal palvis and is passad dawn fo the ureters.
Each kidney consigls of millkans of filtering unils calied nephrong,
Each nephron ariginatas in the cortax region and axtands into the madulla region.

Structure of a Nephron
A nephran is e funcliongl unit of a kidgney, Each nephron works a5 an independent unit and produces a minigcule amount of

urne.

¥ Mephrons are where most of the wark of the kidney takes place—impuniies are fitered ouf, wasies are coliected, and
purified blood is refurnad 1o circulation.
¥ Blood purification in the kidneys is comiplex and invalved two distinc] processes
1. [Fillration and
2, Reabscrmption
¥ Theuring collactad by various ducts from all the nephmons & finally pourad inka the renal pakvs.
¥ [Each nephron consists of 5 anatomical reglons.
1. Bowman's Capsule 4. Second coiled (conwolutad) fubule
2. First coiled {convaluted| fubule 5 Collecting duct
4. Loap of Henle

1, Bowman's capsule — ig the site of the uitrafiftration of the Biood

# The blood vessel leading into the Bowman's capsuls is wider than the vassel laaving the Bowman's capsula, which
means e bood in the capilanes is under a lat of pressure,

¥ Sevaral layers of cells—he wall of the blood capilanies and the wall of the Bowman's Capsule—act s a filler and tha
blood cells and the large blood proteins cannod leave the blood vessels because thay are too big ta i through the

s

- Ig;lu'#e'mr. waler salf. gucose. waa and many othar substances are forcad out into the start of the naphran - in facl the
concentraton of the substances in the kquid in the Bowman's Capsule is the same &s that in the blood iiself, This
pracass is knoan as Ulrafiliration - firation on a vary small scale.

Glomerulus: iz the knot of the Hood vessels in the Bowman's capsule whers the pressure bulds w =0 that ulirafiltration ooouwrs

The volume af tha blood laawng the glomarnulus is about 15% lass than the blood coming in — which is a maasure of tha liguid
which has moved inta the Bowman's Capsule as a result of ultrafiftration

2. First coiled {convoluted) tubule:
o Thee liquid which arers this first lubule & knawn &s the glomerular iltrate
= The first wwbule iz where much of the reabsorption takes place.
» Al of the glucose is actively taken back into the biood along with around 67 of the sodium ions and
around 80% of the watar.
« [t has microvilli o incraase tha surfecs area for absonphion.
3. Loop of Henbe — is where the uring is concentrated and more water s conserved
4. Becond coiled {convoluted) tubule — is the place whara fha main waler balancing is dana.
»  [fthe body is shor of waier, more & reabsorbed into the blood in this tubule urder the influence of the
anti-giuretic heemone or ADH,
Diuresis means passng uring, 5o anti-divetic means praveniing o reducing unne flow.
Also ammoniwm ians and some drugs (if they hava baan 1aken inka fha body) &ra sacrebed from the blood
inter e fubule: fo get rid of them,
» By the end of fis second coded fubule gll of the salt which is needed by cur body has bean rgabsorbed,
leaving the axcass in the filraba along wish most of tha urea.
3. Collecting duct — i5 the place where the liquid (e3sentially uring] is collecied,
# Hcontains about 1% of the ariginal water, with na glucose at all.
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# The laval of the salt i the wine will depend on the amount of salt in our diet and the wabar conbant of the

unne,
= Thera is also a much highar concantration af urea in the uring than in the bload — about 60 imes mome, in
fact,

= But if our body badly neads mare walar, mare may be reabsorbed along tha calleciing duct - again under the
irfluence of ADH - until the wing passes into the pyramid of the kidney and on infto cur biadder
Urine i formed constantly in our kdneys., and if dhips down to coliect in our bladder,
The bladder is & muscular sac which can hald batwesan 600 and BI0 cm? uring, alfhough we usually amply i whan il
containg only 150-300 cm3d.
= We can conrol the opening of the bladder to & strong ning of muscie known &5 & sphincter at the entrance to o
urathra.
= Urathra i tha tube that lkeads fram the bladder o the owlside world. We can apan and closa this sphnctar voluntarly,
althaugh it also opens as & refiex acion i the bladder is too full = o if we are very fightened!|
‘Whan we are young, we hawa io leam ba cantrol our bladdar sphincler volunanly.
The amouril af wabar kst from the kidnay in the urine is contrallad by a sensitive feedback machanism invohleing the
hormone ADH
s [ the water content of the blood is too low (50 the sall conceniration of blood increases) special senge organs known
as osmoraceplors in our brain dafact thes.
= They simuale the pitutary gland at the base the brain to redeaza ADH inba the blood. This hormone atfects the second
ciled tubale making fiem maore permeable so more water is reabsorbed back imo the blood,
This means less watar is left in the kidney lubulez and 50 a mora concantrated ume is farmed.
Af the sama Bma the amount of water in the blaod increases and so the cancanirabion of sa%s in the blood retums o
normnal
If the waber content of the biood is too high, the piuitary gland releases much less ADH into biood,
The kidney then reabsarbs lass watar back into the bload, praducing a large volume of dilude urine.
Waler iz aflecivaly lost from the biocd and concandration of salts raburns fo nommal.
This sysfam of asmoregulalion &= an axample of nagalive feedback. As tha waler concentration of the biaod falls, tha
level of ADH produced rises, Then as Me water condentration of the tood rises again, the level of ADH released falls.
= Onan average day owr kidnays will produce around 1806ter (that & sbout 50 gallons) of liguid fikered ul of our blood in
fhe glomerulus (glamerular fillrade) — bl only abaut 1.5 Ber of urine.
50 more than 99% of the liquid filtlered cut of our bood is eventualy refumed o it
We can obsarve the way in which our kidney works to maintan water balance in our gwn body,
Hwe drink a lat watar, we will quickly nobica that we naed fa urnate more often, and that wa produca large quantities o
vary pale colarad, dilubs uine.
Kidnayz are vitally mportant in two aspects of homecsiasi=. bath in
1. excretion and
2. osmoregulation.
Excretion — getting rid of washe products which could build ug in our bady and damage our cels—is one of e most aspects of
homecsiass
There are two main metabollc products which would cause major problems in ouw body if the levels rise. These are €Oz and
ured.Tha argans which & invalved in gatiing nd of these malabalic wasles are called excretory organs.
Osmoreguiation—controls the waler and elecinolyte balance in the body,
The main excratory organs inour body am our
1 LiNgs —————— == fEmves Clx
2. Kidnays, ramowas urea and conbrols salf balance
3 BRiN —— removes salt though sweat

" § # &

Three ma;n:-' parts of the kidney are identified

renal cortex — ouler region

renal medulla — consists of renal pyramids hat Be on the inner side of the renal corex

Renal pedvis — inner most part of the kadney and i= a hollow chamber and i5 the laned end of the urelar insde the kadnay.
The urine farmed in the kidney coliects in the renal pelvis efore entering the yrejer,

Microscopically, each kidney is composed of ghout ane milllon tiny ubules caled nephrons.

Mephron—is the funciional unit of kidney,
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Our blood passes through cur kidneys al the rate of 1200 cm? per minute which means all the blood in our body passes through
ouwr kadrays and is fikered and balancad appraximately anca avery 5 minuias.

The Liver and Osmoregulation
Liver is the langest individual argan in our body - i fact i makes up sround 5% of our body mass,

Our liver calls ara vary active — they carry out a wide range of funclions, many of which halp lo maintain a constant indemal
emironment. The liver has a very special blood supply.

&5 wed as the usual artary and vein (Ehe hapalic artary and ven) thera is anather blood vessal which comes 1o the lvar directly
from the gut.

This is the hapatic porial wain and it brings 1ha producis of digestion bo fa liver bo be dealk with.
A large number of reactions take place in the liver. Many of fem ane involved in homosiasss in one way or another,
The Liver plays a part in all of the following functions:

1. Control of the sugar levels in the body (through stored glycogen in the liver Rsedf)
2. Controlling and balancing the fats fhat we eat and tha cholasteral levals in our blaod.
3. Protein metabolism,
#  Owr liver breaks down excess aming acids and forms urea.
# I we eat more carbobydrate or fat than we need in our diet our body simply stores the excess energy as
fat
#  |iwe eat oo much probein, it is not 30 easy. Cur body cannol store the excess aming acids or simply
canvart pratain fo fal.
#  Ingtead the aming acids which make up the protein ane broken down in our liver,
#  The amina part of the amino acd mobacula is remaved and corvertad infe ammoenia and than urea in e
lives
#  The rast of tha amino aad can ba wsead in cellular respiration ar convarted to fak for storage.
+  The process of removing the aming group from exoess aming aCkls & known as deamination.
4, Hnllihgﬂm of worn out RBCs (breaking down of hasmoglobin and sioning iron),
4. The formation of bile which is made in the liver and slored n fhe gall biadder befora it is released info our gut 1o
emulsify Tats and help in their digeston,
6. Conkral of toxin [defomification).
# Dur ver breaks down most of the posons we take into cur bady, including akcabal,
#  Thiz why fhe Ivar is 50 aftan damaged when peapla dhink haavily.
v Drinking too much alcohal can cause clrrhosis of the liver—ihe liver fissue is destroyed which can
ewanfualy kill us.
¥ Heavy drinkers also ofien develop liver cancer which spreads quickly and can be fatal,
7. Temperature control — Around 500 diffarent rmachons take place m the lver at any time.
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UNIT FOUR
Food Making and Growth in Plants

Sub topics

1. The Leaf 2. Photosynthesis 3. Transport in plants 4. Response in plants
There are four main organs of a flowering plant:

1

& # B B ¥ & &

Boots 2. Stems 1 Lesves 4, Flowers
Roots
Anchor the plant to the ground

Absarb water and minesals from soil
Root hairs are espacially responsile absorplion of waler and minerals

Provides suppon and transport system far water and minerals to the leaves and flowers,
It alsa transpars food fram the leaves to rools and Aowers
Leaves
Carry on photosynihesis
Facerna waler fram sail by thea way of slem
Uzuglly they ara braad and thin
This shape of leaves halps to absorh maximum light and diffuse gases (C0; and Ox)

Adaptation of a leaf for photosynthesis

Flat and wida, giving a lamge surface area fo collect light
Short distance [diamatar) for gasas fo diffusa
The veins bring water from he sod 1o the calls
The waxy cubcle is 8 waler proof layer found on the surface of many leaves 1o help prevent water bss
Hg Iover epidermis containg openings called stomata which are guarded and confrolled by guand celis
The stomata alow carbon dicwide: fo diffuse inlo the leaf and coygen and water vapor o difuse out.
The guard cals apen and closs fo conlrol the enfry iaf carbon diaxide inlo the leat and atsa b condrel tha loss of of
water by transpirstion,
The palisade mesophyll s the main photosynihatc tissue of the plant leaf containing elongated cells with many
chloroplasis. Howevar, thare are lats of air spacas and a bag surface area for gas exchangs.
Some photosynthesis lakes place n the spongy mesophyll but mere impodanily it = whara the carbon dicode
neaded far photesynthess moves into the cells, and oxygen moves out
The water last in trangpiration evaparates from the oalls here (in spongy mesophil) &5 well,
Vascular bundles contan the xybem. dead f=sue which brings waler from the soil ta the cells of the leavas, and tha
phioem, living tissue which camies the products of phatasyrithesis away from e leaves to all of the cells of e plant,
Each chloroplast containg stacks of membranes and chiorophyll o give an increased surface area for photosynihesis
fo faka placa.

Photosynthesis

& & & @

Photosynthesis — is a process usually within chloropiasts whenaby chiorophyll-containing arganelles frap solar energy fo
reduce carbon dhoxide o glucose

For phofesynfhess 1o ooour successfully, the morganic molaculas carbon dioxide and water amn needed. along with &
supply of Night enengy and e means o capture that energy in the form of the grean pigment chilorophiyll,

ledine solution is reddish brown, In e presence of starch, isding lurns blue-black,

Thene is @ simple proceduns to test 8 beal successfully for fhe presence of starch that we can use in many different
axparimants bo imvesfigale pholosynthess.

During phodosynthesis bight enengy fram the sun is absorbed by 2 green substance called chiorophyll that is found in
fhe chiaroplazsts of some plant calls.
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#  The energy that is capiured is usad 1o convert CO; fram the ar and H:O from the sail infa & simpla sugar, glucase, wilh
Ok @5 & by-product,

H:0 + CQs loroghy®  »,  CeHu0s +0:

light energy

#%  Sugars ika glucose are built info

1) starch fior storage.

2)  malecules like fructose (fruit sugar) and

3)  sucrose (a double sugar unit)

4)  moma complex cambohydrabas like cellulose o make naw plan call walls.

8)  large melecules such as chiorophyll, using minerals such &s magnesium taken up from the soil

6) Sugars, alang with nitrates and othar nufrients that the plant fakes up from the soil, ara used to maks amino acids.

70 Sugers may be bui o into fats and olls (lplds) for siorage in seeds and 1o make up part of the cell membranes,

8y Thesa amino acids ars then builf up into proteins 1o &ct &5 enzymes and make up much of the cytoplasm of the cells.

9 Some of the glucose producad by pholosynthesis i always converted into starch for storage, at leas! as & first sep,
This is becawsa glucase is =oluble and 50 could affect the water balance within the plant.

< [ the concentrations of the glucase vary in different parts of the plant then cemaosis takes place 1o comect this and this
could upset the whole organism

% Slarch is insolubla, which maans that it does nat dissoéea, 50 § has not effect an the concentration of salufons.

<  This means that it can be stared in dfferent places without having any effect on the water balance of the plant

< Slanch is also a vary campact malecule, so it takas up ralatealy litle ream, and it i easily broken down again mio
glucose molecules when if is nesded by the cells of e plan,

4+ Becawse 50 much stanch is producad, we often usa it $o show 1= thad pholosyntheses has taken place in a plant.
Thene are two 5ets of reactions imvoived in photosyrithesis

1. Light-dependent reaction (Light Reaction)

4. Light-independent reaction (Dark Reaction)
1. Light-dependent reaction -- cannot take place unless lghd is present,
2. Light indapandant reaclion—can fake place wherm light is presant or nat {dark).

= The ighi-depandent reactions occwr in the thylakoid membrane wera the pigmants chloraphyll a and b, plus the
carotenolds, are ocated,
= Light can be—1. absorbed (laken up) by 2 pigment

Z. reflected back (given off) by a pigment
3. transmitted (passed through) a pigment.

#  Chlorophyll a appears blue-green and chlorophyll b appears yellow-green o us because thase ama the very colors
they do not absorb and are inslead reflected to our eyes or iransmitted through these pigments,
For the same reason, the carotenolds appear s various shades of yellow and orange to our eyes.
Light-independant reaclian—accurs in the stroma of a chlaroplast.
Lighl-indegendant reachons are the synthesis reactions, which usa tha ATP and NADPH farmead in the thylakoids ta
reduce GOz,
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Transport

The transport systems in plants rely heavily on:

L <]

1.osmosis 2. diffusion, and 3. active transport
Trees are obviously supportad by their woody trunks. Bul many planis da not have woody fissue, and sa they hava na
structural suppon,
They raly an having celis which are rigld and firm, These fim celis are mantained by e movement of water into
the cells by osmosis to create turgor.
This is ona reason why 0smoss is 5o imporiant far plants.
Oismaosis is not wikal far keaping the plant cells turgid. It is also very smportand for moving water arosund within fhe pland
itzgif
Plants taka up watar thrawgh their reots. The wabar in the sail has a very low concentration of dissohved minerals.
In ather wards, there i & very high concentration of water
Waler moves inbo the pland roat cells across the cell membrane along a conceniration gradient
The recls are covered with special cells, which have tiny hair-like exiensions callad the root halrs.
Thesa root hairs increase the surface area for cemosis fo faka place. Onca wales has movad inka the roat har calls,
fhe cytaplasm of the rool hair calls is more diute than cyioplasm of the sumoumnding cells.
Waler moves inka the neighbaoring celis by osmosis. These calls now have more diluie cytoplasm than the cells next o
fhem, and the wabar mowvas an by cemosis unfl it raachas the xylem and transpiration stream.

Active Transport in Plants

Plarts dom't just raly on asmosis and diffusion. Active transport is also widely used o planls.
Mineral ions in he soil are usually found in very dilute solufions = more dilte than the solution within the plant cels
By using active transport plants can absorh these mineral ians, neaded for making profems, and ather importand
chemicals from the sail, even though & is againgt a concentration gradien,
Bctive franspart like this imealves the u=a of energy produced by respiration in the cells.
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A double Transport System

Thera ana two saparate franspon systams in plants: 1. franspor through phlosm 2. ransport through xlem

Phloem: The phioem is made up of living issue and & is involved in the transport of organic materials - the nutrients made by
phatasystam — from the leawas ta ftha rest of the plant.

Phloem cells are thin walled and are requiarty replaced when they are wom out, They contain a liguid rich sugar,
The plant has o use energy bo move subskancas arsund the phkoam, and food substancas can mave both up and
down e plant,

They are caried iz all the areas of the plants inchuding the growing regions whene ey are needed for making new
plant malemal, and the storaga organs, whara thay ara neadad o pravida a stare af food for the winles.

Xylem: The xylem carmies water and mineral ions from the soil around the plant

-

= S =

=]

L

The xylem t=sue is dead and here is no aciive franspar taking place, The movement of the water in the xylem s due
fo transpiration and it is passive. This means it uses no energy from by 1ha plant. Watar only mowas up from tha
rogks to the leaves

As waler avapaoratas from the surface of the laawves, wabar is pulled up thraugh the xylem o fake #s place.

This canstant moving of wader molecules through the xylam from the roods to the leaves & knawn as the transpiration
stream.

In woody plants like the trees the xylam fzsue make up the bulk of the woed, and the phloam is found in & rng juest
undemeath the bark,

This makas young treas n parbcular vary vuinerable bo damage by animals because, if a complele rng of bark is
nibbled, transpor in the phicem comes to compleds hak and the tree wil die

Somatimes the anmals hava to be killed {0 profect the young trees.

Moving Water through the Plant

As waler avaporatas from the surface of the laaves, wabar is pulled up thraugh the xylem o fakea it place.
This constant moving of water malecules through the sylem from the rools o the leaves is known &s the transpiration
stream.

What factors move the water upwards?
Thene is pressure pushing the water up from the bogiom - the root pressure - as waber moves in by csmasis,
In tha xylem, bao physical farcas halp the waler fo mave 1.
1. Adhesive forces
2. Cohesive forces
Adhesive forces: between the water and the walls of the xylem which suppan the whobe column of water, of water, no
rnatter b tall it is
Cohesive forces: As molacules avaporale away fram the surface of the leaf, tha fallowing molacules are puliad
upwands by cohesive forces between the water molecules,
In ather wards, the water molecules tend bo stick togather and ged pulled upwards ke a string of beads,
However, the main pull which moves the water up from roots to the |eaves is the aimaost constant evaparation of waber
fram the leaves.
When water reaches the xylem in the leaves, there & a reversal of e siluation in the rools.
Mow the solution in the xybem has a much higher concentration of water than the solution in the mesaphyll cells n
the leaf.
‘Wialer moves out from fhe xylem mto the masophyll ceds and so across the laaf by osmaosis.
When it reaches 8 mesophyll cell which & surounded by air, waler evaporates from the surface inta the air and
diffuses cut through the stomala along & concentration gradient.

Factors affecting the role of transpiration

Because the transpiration siream is driven mainly by the evaporation of waler from the leaves, anything which afflects
fhe raba af evaparabon wil affact franspiration.
Conditions which mcrease the rale of evaporation alsa incraase {ha rate of transpiration.
The higher the temperatura, the more evaporation takes place,
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‘Waler avaparatas more rapidly info dry air than into humid air.
It Bhe air is maving — il is windy — then waler-vapoar-rich air is always baing removed from around the leaf.
This maintams a good concentration gradiant for diffusian and increases evaporation.
S0 franspiration is more rapld in hot, dry and windy conditions than it is in still or humid conditions,
Planty of light also speeds up transpiration,
In good light conditions, kats of pholosynthesis takes place and 5o 1he stomala are opened 10 allow plenty of carbon
digeide in.
When the stomata ane open, lods of water can evaporate from the surfecs of the leaves,
Reducing water loss

if & pland begins fo lose water faster than it is replaced by the roats, it runs the risk of wilting.
The stomata in tha leaves will close Yo stop fhis if possibla.
To make sure that water is noft st from the surfaoe of the leaf generally, most legves have a wany, waterproof kayer,
iknown &s the cuticle) fo prevent uncantrolled waler loss.
In wary hot enviranmants the cuticle may ba very thick and shiny.
The fact that fhe stomata are an the undarside of the leaf aksa helps becausa this maans thatl they ana nof 25 exposed
fo Thee heat of the sun a3 they would be on the top of the leaf

Adaptation of planis to reduce water loss in difficult environments
Plants manage to grow and survive in many diffierent environmenis
In many plants survival is & real stniggle.
Plants nead o balance opening the stomata to allow phofosynthesis to fake place with tha loss of water which
fakes place whan the stomala ara apan.
Planis which Bve in very dry aneas like Somsali, or in areas where there is relatively §ffle water, often have adaptations
which help them {o balance up fheir diffarent neads.
They may have very thick, waxy cuticles to reduce any waler lass through the overal keal surlaca ko an absoluls
FRETILIM,
Others have developed very halry leaves, which rap a micro-atmosphene around the siomata and reduce waler loss,
el othar plants hava reduced their leaves ta wery narrow spikes o redwsa the surdace araa owvar which waler may
be lost
On some plants the stomata are sunk inte plts.
Another way of preventing water loss, which we often see in grasses, is for the beaves o rolled, trapping a micrg-
anvironment of moist air inside.
The purpase of all these adaptations is fo reguce the koss of water from the leaves by transpiration, 50 the plant cane
phatosynthesize and avoid wiling whatever the conddion around i

Adapiation of plants to reduce waler loss in difficult emvironments
1. Thick, wasy culicles J. Slamala sunken mlo oits 5. Roled lagvas, 6.0, Some grassas
2 Vary hairy leaves 4, Leaves raduced iy very Namow Spias
= Transpiration has many implications for the way we grow owr orops - and the crops we chooss o grow,
+ [t our plants do nat get anough wabear, than thay will not ba able to ranspira and they will wilk.
#  This means the cells will nat wark proparly and the crops will not grow as wall as thay should.
#  5p whanaver possibla we need fo imigate our fields and water fha plants =o that they can transpine fully, which allows

them to pholesynihesize and grow a3 much as passible,

it is not anly the level of sunlight and the temperature which affects transpiration rate o our plants.

Wind also increaszas the raks of transpiratan. i we can grow our crops in relatvaly sheltered places, the rata of water
loss will be glower and 50 our crops are more Bkely to grow wel

The firal way in which franspiraticn affects agricutiere is in our cholce of crop plants

Some plands ane more reslstant b water boss by transpiraion than others,

By choasing crops which are suited to the condfions whare wa are growing tham, we can imprave our yields and make
sure That transpiration works for us and does nod cause our plants 1o wilt and fal

Transpiradion affects agricthre due Mo
1. Lewel of sunlight 3. Wind
2. Leve of lempsaralure 4 owr choica of crop planis
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Response in Plants
Planis achieve their co-ordinafion end responsiveness through & system called harmones
Hormanas are chamecal messangars which are prodwcad in ans pari of an arganism and hawe an effect elsawhare.
Plant hormones (phytohormones) have several effects on plants, For example, they coprdinate
1. flowering,
2. cell division, and
1. cell elongation.
These are essanfally growth processas and plant raspansas of this type are called growth responsas. Since growth is
@ glow process, most plant responsas are slow,
Garmination of Seeds
in mast flowenng plants (angicspams), growth slarts whan tha seed begins to garmmate.
Seeds come in many differant sizes and shapes, bt the basic struciure of seeds always containg certain things

1. &n embirya plant is mada up of three main parts

2

+ plumule embryonic shoot
®  radicle --eese---e- gmbryonic root
= cotyledons embryonic leaves
testa i5 the sead coal , which may ba thin and papery like the covenng on a groundnul or very strong and

hard like the shedl of a nut.

There are two classes of angiosperms (flowering plants):

1. monocotyledons — flowenng plants with one cotyledon—example maize
2. dicotyledons — fiowering plants with two cotyledons—examgle beans and peas

o
o
o

o G

L

L]

In manacots the main food store is the endosperm and the embryo remaing a wery smal par of the seed,

In dicots the endosperm moves food into the cotyledons which become the main food stare

By the time tha seed is malura the endasperm will ba disappearad. The embryo with its food-swalian leaves lakes up
mast of tha seed. Onca fhe food store has bean laid down and the embryo has developed fha seed drias out
{defydrates). It loses much of ks wel mass and bacomeas dormant

The thrae conditians for seed garmnafion are; 1. Water 2. Warmth 3. Ouygen

Az the sead absorhs water, the large inssluble food molecules stored in it undergoes changes. They  are broken down
ihydrofyzed) into soluble food. The main food sloraga malenal n saeds is starch, and d is stared aithar in the
cobyledans or in the endosparm, This starch siore is comveried io sugars by the action of the enzyme diastase. In some
saeds faks and oils are siored.

In these seads enzymes the enzyme lpese catalyzes the hydrolysis of fads to fatty ecads and glyceral,

Prateclyfic enzymes prasent in the seads calalyza the hydrolyses of protems fo amina acids.

A lot of energy is needed during germination. The seed cannol make its own food by photosynihesis whie itis
undergraund, 5a tha enangy neadad comas fraom the slomad food malerials i follaws therafora thal as a seed
gesminates its weight decraases as the sipred food & ysad yp The decrease in weight continues until the seeding is
capabla of phatasyrithasizing.

The following is @ summary of changes which occur durng the germination of a bean seed - a dioot sead,

1. The sead absorbhs water through the micropyle (small hale] and swalks.

2. The testa (zeed coal) bursts and the radicle emerges, The radicle confinwees o elongate and gives nse to many side roals.

4. As the radicha alongate it pushas the sead out of the ground. The curvad par of the radicla which profrudas is called tha
epicatyl. The seed coal is dscarded and the two ootvledons open out and begins 1o photosynthesize,

4. The plumule emarges from in betwaen the cobledons and produces the frst trua leaves. At fhis slage, the young plant i=
called a seading.
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Types of germination
1. Epigeal garmination (dicotj—the garmmation of seedlings such as beans whase colyledons come above the ground

2. Hypogeal germination {monoood) —the germination of seadings swuch as maze whose cotyledons remain below the ground. In
monacods the cofyladons do nod store food. Instead they absark food from the part of the seed called the endasperm and pass i
anie the developing embryo, Thus. in monocots the embires denves its nowishment from the endasperm, In dicol plants,
hiowaver, the embrya derives its faod from the cotyledons.

Tha embryo is the par thal develops o plumule and adicle.
Tha radicle is the embryams raol which grows and devealops mbo the root syslem af the plant.
Tha plumula is the embryanic shoot which grows and dewvelogs mba the shaool sysiem.
The stored food serves a5 a scurce of enengy during garmination,
The seed coal is 3 lough, hand coat which protects the seed, i has a tiny hole called micropyle,
I eddiion to these structures a seed also has a scar lefl by the sialk of funiculus which attaches the seed to the fruit wall,
This i called the hillum.
» A5 3 seed ripens and matures, the development of the embryo graduslly ceases, As a result, the seed enters into a pericd of
rest, Thes penod of rest is caled dormancy.
Dormant seeds ara dry, and =1 the chamical actwity of the iving cells is reduced o minemum.
Thiz reduced chemical activity is just sufficient ba mamnbain lifa.
When a seed is exposed to optimum conditons for germination including proper amoun of moisture, temperature and oxygen,
it will germinake, and the embryo inside the seed will start o grow,
Thus, garmination may be dafinad as a series of davelopmant processes that waka up the dormant embrya.
When a saed germinates, the embryo usas siored food for anargy until its leavas begin to produce food by photosynthesis.
Some saeds have food storad in tha cobdedons (saed leavas).
Seed embrycs have regions that develop inkp definite structures duning germinaton
I the axis of the embryo of & sead there are bwo regicns calied the epicoty] above the ground and the hypocatyl (Delow the
ground).
Tha hypocotyl is the part of tha embryo that gives rise io tha embryanic root (tha radicls).
The radicle & the par of the embryo to emerge from the sead which then becomes the primary rool.
The: epicatyl is the part of the embryo that gives rise 1o 8 young leaves and aplcal merigtems,
The emibryonic shoot that develops from the epicotyl is called plumule,
Germination iz simply the growéh of the ambryo in a ssed nio seading. | iransfarms the ambrya indo a salf-supporiing
seading.
Before any seed germination, they ane wsually in a late of dormancy during which time: their W
Thig is partly becausa they are very dry. However, other Tactors, such a3 the hgrd sesd coat prevents
oeygen. Tha seed coat alzo shuls off ight. Chamical mhiilors may also lead 1o dormancy.
Conditions necessary for germination

1. Watar — acivates enzymas thal hydrolyze slored slarch indo sugars neaded far enengy relaass
2. Suilable temperature --- enzyme acivities are temperature confrolied, Each enzyme has an colimum iemperatune,
3. Owygen — required for callular respirafian

»  Inpanerg the development of 2n embryo to & seeding during germination represents a shift from a helerotrophic nuintion to
an aubabrophic one.

- 8 B % & @
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What Controls Plant Growth and Development?
% Grawth in plants is broughd about by: 1. call division, 2. ced alpngafiaon, and 3. cell differantiafon.
<% Any facior that diractly or indirecily affects thesa procasses will influence growdh.
% Plant growth a5 & whole depends on the interaction of the following facions

1. External factors — such as light, moisture, length of the day, efc.
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2. Internal factors — such as chemical massengers called plant hormaones
Plant hormanas ane growth reguiatars and

are producad constantly in plants

arg actva in very small amounts

each type of hormone does not act alone, but together with ather hormones,

affect plants in mare than one way

affect different plant organs in diferent ways

make unspecialized plant cell (or callus) to be specialized and dferenfiated fisswes and ongans of planis,

" B O W & @

Examples of plant hormones are
1. auxins [mcluding indols-acaticacid, 1AA)
2. gibberellic acid 3. Cytokinin 4. Ethylene 5. abscisic acid

Some of thess homones pramoda growth, ofhers inhibil it. Some of tham will promate grawth in one type of plant tisswe and
inhibd it in others,

1. Auntin {LAA) — i= the best-known plant homona and it & involved in ganaral plant growth. It stimulates the alongabion of tha
new plant cells, 30 they ged longer and bigger. It is also invakved in apical dominance

»  |AA iz made al the tip of the main shoot and as 1 moves down the stem it slows down the growth of the side shoots, So
fha main shoot dominatas tha whole plant. B we cut of the growing tip of a plant A will bush oot

The gide shoals grow quickdy once we remowve the apical dommance from the auxing prodused by the main shoot,

Auxin atso stimulates the growth of rocts, IF suxin & sppied 108 cut stem it will simulate new oot to grow - this will
widaly used by gardeners and farmers in some parts of the world to halp tham ke seccesshul cubfings.

#  The bast known function of tha aumns is in the raspanse of plants ta the world around them. The respansas of the
plants towards things such as light and grawity are caled tropism

2. Gibberelling — stimulate tha grawth of plart stams. If wa take a dwarf plart and give it 184, somethig much will happen. If
we give it gibbereling the stems will grow until the plant is @ normal sze.

#  Gibbarellins also halp seads o break ther dormant pamad and start o grow. Soantists think they do fhis by shmulating
the production of the anzvmes needed ko break down the Tood stores in he seeds,

3. Cytokinins — are harmanas that sSmulate call division in plants so they ana vary impariant in plant grawth.
The balance batwesn auxins and cytokining in 8 tisswe cutture of plant cell decides whesher roals or shools will grow

4. Ethylene — is a gas at room temperature and it causes fruit fo ripen. It also causes fruit and lsaves o fal fram the plant in
SOME species

3. Abscizic acid [ABA] — inhibits growth and plays a major rale i leaf fall
It i also mvolved in geotropism, but it plays a small part compared 1o 144,

Tropic Responses (Tropism)

Plants respond fo axtamal faciors ke light. waber, gramity, touch, efc. Ther responsas fo such simul are obserdad as changes
in the: direction of growth of certain parts of plants, Such responses are not active bl passive responges,

Such changss in the direction of growth of plants by growth in résponsa to extemal stimuli & caled trogism (fropic movaments).

If the tropic movement is bowards the stimulus, it s known as pasitive tropism. i the tropic responsa is away from the smulus, it
is known as negatve trapism.
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Types of Tropism

1. Phototropism — plant response to unilzteral Sght (sght from one direction)

‘When the shood of a growng pland is exposed to uniatenal light, the light il cawsa redistribubon of auxin an the shoo
50 that a grester amount of the auxin fravels down the shaded side,

Az one of the effects of awdn is to cause cell elongation, the cells on the shaded (dark) side of the shoat elongates
mara fhan thase on the iluminated sde. As a rasul, the shoot bends [grows) lowards {he undateral light (see page 174
figune 4.24),

if the same argument is reached, a root tip & exposed o unilzteral ight should accumulsie kess auxin on the
illumirated side and the cells an this Buminaed region of $he reat elongate maona than those calis on the dark sida. As
a resalt the: roat bends away from light

Gealropism — is responsa of plant parts {o gravity imvalving growth Bawards or away from it. Simiar redisiribution of
aun could account for the responses of shools and roats 1o gravity,

it & plani is placed honzandally on the ground, grawety causas redistribution of auxin sa that more auwen accumulatas an
e lower side of the shoot and reot. This high concentration of suxin on the lower side of the shoot promales, growth
icall alongatian), hanca the shoat bends wpwards. This same high concantrafon of auwxdn on the lawear side of the root
inhitits growth, and hence the rood ip bends down wards (i &, posilive gestropism).

ME: Rooks are more sensitive ba awon than shoats; i a. tha concanirafion of audn that causes manmum growth in shoabs
inhibits the growdh of raols and vica versa,

-

The response of seadings 1o gravity can also be investigated using a piece of apparalus known 85 8 kKincsial in a
horizonkal pesition {sae figure 4.25 page 175] you can make sure that gravily acts egually all over tha plant.

You nead ather seadlings fixed horizontally but nod redased &s a control. After two days you can sae clearty the affact of
The: rotation

The ool keeps bendng iowards gravity, and the shool away from gravity, but because the stimulus is nol unilateral,
dua b the Klinastat the movements all cancal ouf and the plants stay staight.

3. Hydrotropism — the tendency of plants to move or grow towards waler, Water 85 a stimulus has a greater influence on root
growth Bhan grasity (sea activity 419 paga 175).

& o B

Apical Dominance

Exparimants have shown thal the suxin which is produced by the shoot inhibits the developmeant of lateral buds into
branchas.

This phenromencen is called apical dominancea, It is hera at the apex of the shoal where sufficient conclugion of auxin is
praducad o inhibit growth af tha lateral buds furthar dawn the shoat.

These lateral buds remain dormant unless the apical bud is removed. If this apical dominance is removed, then mare
af thea lateral buds would develop into side branchas.

This phenomencn of removing apical dominance (remaving apical shoots) of plants and thereby promabing growth of
laleral branches is calad pruming.

Advantage of pruning

1. Ta kaegp plants at a deswed hesghl fo make tha picking of leaves fowers, and fruits easier.

2. In case of fruil rees, to get a sirong framework of branches capable of supponing heavy loads of fruits ar

A, Ta help in improving the size and qualty of fruids

« A5 wecan see from owr eadier experiments, plants respond 1o unilabaral stimuli,
#  [Furthar expenments have allowad scientists 1o find out more about these respansas.

How are tropic responses brought about
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Maize grains garmingte io produce a straight shoot caled a coleoplise
Coleoptiles are widely used in expeniments to investigate the role of hormones in shoot groath
i is known that the growih region of @ shool is some distance below e fip
This fact suggests that remaval of the tip wouwld not affect the growth of the shoof. Howavar, whan the fips of tha coleaplilas are
remaved (they are dacapitated), thay don't grow.
nce we know that the growth a shoot is promoted by auxing, failure of decapitated seedlings W grow sugpests that the auns are
prabably produced in the tip.
B has been found cut that the grawth harmane. suxin, produced in the fip is indola-3-acesic acid (IAA) diffiusas fram e fip to the
growth regicn to iniate grawth,
In the decapitated seedlings. although the sowrce of WA production was remaved, the seedling grew for a while and then stopped.
This is becausa same 184 had aiready diffused away from the tip befare decapitation. This amaunt of A% was responsibla for fhe
glight growsh.
The fact that [8A promoles growdh in shooks suggasts that il is also invabeed in the respansa aof tha shoats fo light and grawity.
A simple expenment such as that in figure 4 25 pags 1T5shaws you clearly thai the fropic response of a plant ba grawity is browghi
aboust by growth,
Shoots lit from one side only also respond by growsh = the shaded side grows 17 Sshows you dearly that he ropic responsa of a
plant ta gravity is brought about by growth.
Shoots Iit from one side only also respond by growth - the shaded side grows faster than the lluminated side so the shool bends
over towards the light.
L&A promotes growth 5o it seems kaly fhat the shadad sida of shoots atfecled by ona-sidad light had mora 1AA than tha
illyminated side,
Since the growth curvelure was influenced by light. it suggests tat light i somehow irvoived in the dstibusion of 144 in the shoal
Experiments have shown thal IAA diffuses away fram light. When a shoat is lluminated on ane side, IAA in that side difuses
towards the dark sida of tha shoal
This causes a build-up of the hormane in the derk side of the shool,
ance growth is directly proportional to the amount of 1AA, the dark side will grow faster than the fluminaied side. This explains the
obsarved growth curvabure of shoots shawn in the expanmantal sat up in figure 4.26 pags 176.
The upward growth of the shoat and the downward growih of the rof, when the bean ssedlings were placed horzantally, mvolve
plant hormones.
In the shoot, the force of gravity causes an accurmulation of 144 on tha underside of the plurmula.
The build-up of A an the undarsida promodad more growth in that region than the upper parion.
This differental growth rasulied in the skem growing upwards.
The downwand growth of the roof is also infuenced by LAA, but in the root tip the hermene inhibits growdh, rather than stimulating it
The force of gravity causes the accumulation of A on the underside of the root, resulting in reduced growth in that region
The comespondng upper side of the root, which had very Bile or no 1A, grows fasier than the underside.
This differantal growth rasulis in the downward curvature of the rooks.
The diffarent afecis of this hormone on roat and shoot growdh are dustrated in figure 4.28 page 177.

Importance of tropic and nastic responses
In Erapisms, soma simul to which plants respond pasitivaly ama the basic requremants for the plant’s §a.
Wader, for examgle, is one of the imponiant requirements. for photogynthasis.
This means that whan positive hydrofrapism accurs, roats come inbo dose contact with water. This makeas it possible for tham o
abgarb a3 much water and mineral salts as pogsible for the pland,
In addition bo water, plants require light for phatosynthesis.
When a plant responds positively 1o light its leaves become well expoged 1o it This maxemizes the amount of Bght available for
photosynthasis.
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Review Questions (Unit 4)

Which of tha fallewing is NOT an extarnal faature of a kaal?
A Peficle B. Migrib . Chioroplast 0. Cuticle
Which of tha fallawing is the issue whare mast pholosynthesis fakes placa?
&, Spongy mesophyl E. Palisade masophyll C. Epigermis [, Stomata
{38285 move n and ouf of & plan through
A, The cuticle E. the stlomata iC. the epiklemis [ the roots
Twa gazas that plams must exchangs ara
& Oxypan and nitrogan iC. carbon diceide and nitrogen
B.  Owygen and carbon dioxide [, carbon dicxide and carbon monoxide
The plant argan thal supports the plant body and carmas nuiients babween ditferand parts of the plant is the:
A, Root E. stem C. leaf 0. flower
Phloam funclions prmanly n: A Transport of watar C. Growth of the roat
B, Transpor of the products of photosynthesis D, Increasing stem width
As a growing raol pushes thraugh the soil, tha delicate apical maristem is protectad by
A Aot cap B. uylem . bark roat higrs
Stomata opan and clase in raspanse 1o wabar prassura within
A, Fool ceds B. cell walls . guand cels [, xylem
The panad during which the embirya is alive but not growng is callad
&, Fertilization B, dormancy 0. germination . wegatative growih

. Whach of tha following struchuras & an intermnal part of a laal?

A Midib B. Cuticle C. Pefiole D. spongy mesogphyd

The place whene |eaf i fixed o 3 stem is called
&  Inbarnoda B. mada . palicka D). radicla

. Leaves are usually thin, flatiened and have karge surlace area. These phenomena allow

A Light %o pass easily B. pasiar diffusion of gases C. aasiar food transpori D aandB

. Plards can reserde fpod n fher

& Leaves B. stam . roat 0. all of the abowa

. Which of the fallowing is NOT required for light independant reaction?

A ATP B. NADPH . Oxygen D, Carbon dicxide

. Which of the fallowing is the praduct of light dependent reackian?

A ATP B MADPH C. Hydronium won D Al of the above

. 'Which of tha following is MOT the advantaga of franspirafion in plants?

A, Movernent of syrithesized food . Abisorption of water

8. 'Waler and minaral franspor D. Coaling affact

The internal factors that affect rate of franspirstion are

& Waler conlent of the mesophyl cells . Structure af the leaf
B, Thickmass of the cuticle layer D, Al of the abave

. The mgng experimentation a rés frunk shaws thal

A, Food is accumulated below the ring . The tree swells above the ring
8. The phlcam transports wabar and minerals 0. The raot obéains the food

If the: leaves of plants are depicted with Vaseline, the rate of franspiration;

& Decraases B. Incraases . Remains constand . Fluchmatas

. Which of the following decreases the rate of franspiration?

A Low lemperatura B. Low wind C. Low humidity O Aand B
In most cases germination does not require
A Light B. Wabar . Suitable lemperatura D. C=ygen

. The plant hormane that is preduced at the shoot tip of e plants is

A Gibbarellins B. Ethylene C. Indole acalic acid D. Indale pyruvic acd

. & pland is kept horizontaly, its shoot tip

A bends downwards B. grows horzonkally . bends upwards 0. shows mo growth
it & shoot aof a plant iz axpozad o wnilabaral light, its shoat ip

A, bends sway from light . has less auxin on the lght sice

8. shoot grows lass on the dark sida D Al of tha abava
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If & pland is placad in a rotaling klinostat, its tip

A, Continee io grow  honzontaly C. Bands upwarcs
B. Shows unequal auxin distribution O All of the abowva
ig 8 type piant hormone which inhibits cell division, thereby halts growth,
A& Absgsic acid B. Indola acatic acid C.gibbarellin - D. Ethylene
Which of the folkewing happens during the light reactions of phodosynthesis?
A Production of glucosa B. Formation of ATF . Usa of carbon dicoade . Uise of cocpgan
The compounds carbon dioxide and waler are used in

& Call raspration E. photcsynithasis C. both Aand B D. Somemes respiration

In green plants, the combining of carbon dioxide and waler occurs
A in the grana B.in the cytoplasm . in the stroma D on tha call mambrana
Where are carbohydrates made in plants stored? In
& Leaves B. Sfams C. Roots 0. &ll of the abowva
The job of i 1o store nuinents and then transder fiem fo the growing embryo as the seed germinales
A Plumus B. radicle . cobyladan D. micropyle
The buds near the apex grow mone slowly than thosa near the base of the plant. The reagon for this deday is that
growtih at the lateral buds & inhibited by auxins. This phanomenan s caled
A, Apical meristem B. apcal dominance G epical differentiation D, apical stmulation
During phodosynthesis, the elements carbon and oxygen come from and 1o formn glucose respeciively,
A Waler and carban dioxide . Carbon dicside and atmasphera
B. Carbonates and water [, Carbion dioxice and water
In the pracess of photosynéhasis, fhe use of watar is primarly
&, B0 serve a3 hwdrogen donor for production of sugar €. to liberabe oxygen for us and animals 1o nhale
8. fotranspor synihesized food within plants D. §o serve &s a madum of chemical reactions
The technique usad 1o separate different compenents of chiorophyll molecules is
A hydropanic B. canfrifugation C. chromatagraphy D. dissection
Which ane of the following indicates the signicance of photosynthesis as a whole?
A& Mainbanance of constancy of atmospharic gases . Magar source of food far hatarctrophs

B.  Providing of materials such as wood, faasil fuel, clath, et [, AN of the abave

The paris of tha leaf that allow a widar surfaca far sunlight absorplion ara

A, blades B. vains 2. kaad margin [, pticle

Leaves ara usually thin, flabtened and hawve larger surface area. Thase phenomana allow:

A, Light %o pass easily B. easier diffusion of gages C.oeasierfocdtranspoi D Aand B
The openings on tha surfacas of leaves are regulaled by e

A, Cuticles 2. heirs on leaves

B Guard calls D. all epidarmal cells on the lower surface

Trate tha routa of carbon diceide from air b the sile whare masimum photasynthasis Bkes place in a typical leat
A Slomata—spangy masophyll—lower apidermis — palisada layar

B, Stomata— xylem-—spongy leyer—palisade layer

. Stomata—gir space—spongy cells— palsade calls

0. Slomata— midrib—vain—lamma

Which of the following adapiations assist leaves for gasecus exchange

& The presence of numerous stomata

B, The existence of mary & spaces betwesn spongy cells

. The abiléy of stamata o be openead and closed 0. all of the above

Microsoopes examination of peslings from the upper and lower surfaces of a leaf revealed the presence of stomata on
fha upper apidermis only. It would be correcd to assuma that the leat came fram

A, Temestrigl habitat B. a desert plant . 8 fipating water plant [0, all of the sbove

The phase af growth during which unspacialized tissuas become spaciagized 1o parormn parfcular funclion is called
A, Development B. growth L. differandiation . elongation

Which ana of fha follawing is frue about the function of sloma¥ Stama
A, Aliows carbon diceade to diffuse oul the leaf . ABows carbon dicwide to dfise inlo the leal
B. Allaws water io diffusa indo the leaf . Allwws coygen fo diffusa inba the leaf
Which of the following is frue sbout iropism
A Hoot is nagabva bo geotropism C. Shood is posiivs fo geobrapism
B, Shoot is positive to photofrogism . Rood is positive to photatropism
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Light i= mportani for pholosynthesis o

A, Combine carbon, ydrogen, and exygen io form sugar

B. Split sugar molaculs info carbon, hydrogan, and axygen

. Combine hydrogen and soygen io form sugar

0. Split watar molecule inka hydrogan and cxygan

Which of the following layvers of a leaf has largest number of chioroplasis?

A Palisade mesaphyll B. spongy mesophyll C. Upper epidarmis D Lower epidermis

Which of the follewing structures of the rot is responsible for the absorption of water Trom the sod?
A Xylam B. Roat hair . Phlcam 0. Ciartex

Which of the following plant hormones is comactly pared with its funcion?

A Ettylane inhibits fruit ripening C. Abscisic acid stimulate growth

B, Cytokinns stimutates cell divigion 0. Gibberelicaced _ inhibits growth
‘Which af tha fallawing is frue of garmination in monocals?

A, Leaves emerge from cotyledons . Raddes push cobyledons above the ground

8. Cotyledons ramain balow the graund 0. Caotyledons appear abawa the ground

In addition o ight and chiorophyll, photosynthesis requires

A Waler and axygen . Water and sugars

B.  Owypen and carbon dioxide [ Water and carbon dicxide

The leaves of a plant appear green because chiorophyl

A, reflects biue light C. reflacts grean light

B. absorks blue light 0. abisorbs green light

the first procass in the ighi-depandent reactions of phatasynthasis is

A, light abscrption B. elaciron transpart . oioygen production 0. ATP formaton
Which subslance from the light-dependant reackions of pholosynthesis is a scurce of energy for the Calvin cycle?
A ADP B. HADPH CoHD 0. pyruvic acid

The ighi-ndapandant reactions of phofasynithasis are also known as the

A, Galvin cycle B. sugar cvcke . carbon cycle 0. ATP cycle

The principal pigmeant in plants is

A, Chiorophyd B. cutygen C.ATP 0. KADPH

Which af tha fallowing is MOT produced m fhe lighl-dapandent reactions of photosymthesis?

A HADPH B. Sugars C. Hydragen igns 0. ATP

The color of light that is LEAST usaful to a plant during pholosynthesis

A Red B. bl . gresn ., wiakat

Kenkify the cormed statemant

A, The flattened pan of leaves is called lamira . Al leaves have petioles

B. Pefioles of leaves contain xylem and phioem D. Aand B only

In a typical plant, all of the fallewing faciors are necessary far photosynthesss EXCEPT

& Chiorophyd B. light C. oxygan D. waler
Which of the folkswing is MOT a cheraclenstic of plants?

&, Eukaryofc cells B. Cell walls containing chitn -~ C, Multicefular structure 0. Chiprophyl
Twn gazas thal plants must exchanga are

&, Oxygen and nitrogen . Carban dicadde and nitrogen

B.  QOxypan and carbon duoxida D. Carbon dicade and carbon monoxde
Waler is carmied upward from the rocts to every pan of & vascular plent by

A Call wall B. Phloam . Cuticla 0. Eylem

In angicspemms, the mature seed is sumounded by a structure calied a

A& Cona B. flawar . frut D. cobyladon

Which of the following Is a basic requirement of plants?

& Sun light B. Carban dioxida C. Water D & of tha abawe
Which of the following is NOT a cheractenisic of dicols?

& Branched veins 8. Tapmof C. Parallal veins 0. Twa cobyliadanes
An efiolated plant is a pland which is

A Variegaled B. washad by alcahal . gron in total darkness D grown in light
Phioem functions prmaniy in

& Transport of watar . Transport of products of phatasynithasis
B, Increasing stem widih 0. Growth of the root
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As a growing raal pushes through the soil, tha delicale apical marsiem s prolecied by

A, a&rodtcap B. xylem . bark D, root hairs
‘What would hagpan if all green plant life vanishas from the world?
A, Global warming would so00n ocouwr C. any form of life would vanish

8. The concentration of carbon dicesde in tha almesphere would rise D, Al of the abava
Stomata open and chose in response 1o water pressune within

A, Root cels B. Call wals C.guard calls D xylem

The regan of the stem from which the leaf springs is called

A MNoda B. petale C. bud D. midnib

Which of the following parts of leaves possasses vascular tissues?

A The paticks B. the midnb C.the branchvems A all
Substances that stimulate cell dvision and cause darmant seeds o sprout are

A gibberelins B. cytokinins . auxins D. phylochromes
photoperiod is 2 measurement of A waler level B gravity  C. day length [, nutrients
Which of the fallowing causes fruit fo ripen?

A Aipgn B. Cylokimin . Ethylene 0. Gibbermelin

‘Which iz an exampla of fhigmalrogism?

A, Change in leaf color B. Climbing vines . Blooming [, Pholoperiod
The risa of water i a tall plant depends on capillary action and

& Osmosis B. evaporation . nufrient franspart D. franspiratian pul
Affraction between water molecules and other substances s

& Adhesion B. capilary actan . franspiration D. cahasion
Where in a plant does mitosis produce rew calis?

A Meristerns B. Chiaroplasts . Mesaphyll D. frea bark
Which is ROT a factor in the mowement of waber through plants vascular issues?

& Transpirakion B. Capillary aclion C. Osmalic pressure . Meristams
Planis can: A respire and give oul waler wapaur . respire and produce GOz

B. phatosynithasize and give off cxygen 0. Al of tha above
Which of these is an INCORRECT confrast batween monooots (stated first) and dicots (staled second)?
A Vascular bundas in 8 mmg—vascular bundles scafferad C. One cofyledan — two cofyladans
B, Flower parts in threes — flower parts in four or five [, Leaf veing paralled — ned veined
Which of thase typas of cells is mast Baly to divida?
&, Epidermis B, Xylem . Meristem . Cork cells
Foot hairs are found in the zona of
A epical merisiem B. call dvsion . elongation D, maturation
Whal happens when a ring of bark is remowed from a woody shoat?
A, Absarption of watar stops . Upkake of minaral ions will slow down
B. Movemant of food ba tha roots will be blockad D. Rale of pholosynthess wil siow down
Which of these is & comect statement?
&, Only rocts show negative gestropism L. Only rocts show posilive geatropism
B.  Only slermns show pasitive geotropism 0. Bath roats and stems show positive gactropism
in plants growth is brought about by
& Call divisice anky . Call enlargament anly
B, Both call division and call ekngation D, Physical factars only
Which of tha fallowing stataments is frua?
A, Growth and development in plants beging anly afler seedling stage
B. As plant embryo grows older, growth is resiiciad o the maristems
. lncrease in the diameter of a plant is because of apical merisiems 0. All of the abowve
The zone of plant roots fram whare root hairs devalop is the zone of
A, Cell division B. Elongatian . Differentiaion . Rootcap
Which of tha fallowing is NOT part of a plant ambrya?
A Plumude E. Redicle . Cotyledan 0. Sesd
An apening on a seed fhrough which wabar entars for garmmation is
A, ahilum B. & micrapyle . atesta . cotyleden
Which part emarges first from a garmmating seed during garmination?
A Plumue B, Radice . Cotyledon 0. Endosparm
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4. The par of e embryo that gives rise io voung leaves and shaoot is
A A hypocotyl B. an epicotyl . oobvladon D radicle
95, The process of garmmation is
A, The growth of the embryo of 2 seed info a seedling
B. Transfarmation of an embryo infa a salf-supporting saedling
. A ghift fram & sesd to & young plant [, Al of the abowe
96, A kind of gesmirabion in which e colyledons of a seed are brought above ground is
A, an epigesl B, a hypogeal . anaerobic D, aerobic
97. Responsas n plants
A Ppssive B. active . gre due to growth movements D, &and C
9E. As seeds ripan and matura, the development of the ambryo gradually siops and The seeds are said to anber indo a
period of rest called: A, Germination B, hibemation . dormancy 0. an endosperm
98, Whach of the falkowing is true?
A, The tip of the rost is responsible for the increasa in shoot length
B. Thelip of the shool is responsibla far the increasa in shoof lengih
. Thetip of the shool s responsible for the increase in root lengih
0. The tip of 1he shoof is responsibla far the mcreass in shoo! and reol length
10, Experiments using oats have shown thel suxin concentration produced maximum growth in e sheat
A, inhibits roat growth C. results maximum growth in the root oo
B. ausm has no effect an raot grawth D. all gxcapi C
101, Which of the following is tue sbout growth hormanes on roots and shoots?
& They have pasitive effects at lower cancentrations
B, The concentration thal produces maximum growth in the shoots inhibitz = e rools
. They have pasilive effects at high concenlrations 0. Only & and B
102. When a growing seeding is exposed to ight cn ane side, i usually bends. This s due to
A, The intansity of light pushing the plant
B. Unequal growth between e fip of the plant and ofer paris
. The darker side of the plant growing faster than the expased zide
0. The expesed side of the plant growing fastar than e part of the plant facing dark
103, Tha insirument usad 1o owarcome the afiect of gravity in plants growth expammands is called
A, Thermostat B. Pofometer L, Kincsist . Hydrometer
104. If a horizontally placed plant & ratated showly no gealropic curvature appears. Ths is bacausa
A, nosegment of the plant stays kong encugh in any one posiion for growth curvature to ooour
B. nogrowdh homanas producad undar such conditians o initiate growth curvatura
. plants do not grow while they are rotating [, the plam is terribly confused
105. Which of the following substances is synthesized by plants?
A Indole —pyruac acid B. Indoda - acefic acd C. Indoks — buinc aad D. Indola - nitrle
106. Pruning is: A Used in scienbific agnoultura C. Used anly in primifiva agriculfure
B. Meser used by Ethiopian farmers D. Unscientific practios
107, ‘Which of the fllowing best illusirates the principle of apical dominance?
A, Auwdn produced at the fp of fhe shoat prevants the development of lateral buds
B, The removal of the tip of & growing plant enhance the deselopment of the |aleral buds
C.  Inhibition of lateral meristam by the apical mansiem 0. All of the abave
108, Suppose a farmer wants 1o keep his coffee plants short with more side branches, the best that you would advise him
fodois: A bo stop walering them B. fo spray with auxin
B. to remove the apical shoots 0. o spray them with root tone
104, If plant manrstems are ramowad from tha Bp of shoats and grows on agar medium, tha menstam calis drids and
produce; A, Apical fissues B a mass of unspeciglized cells €. Callus D.BandC
110, Auxinsin general causa: A, Calis o bacome longer . celds {o becoma larger
B, development of owers [, all of the above
111. The syrithebic ausin 2 - 40 servas a5 a salacia weed killar by
&, Making dicot plants respire faster . making menooos respine faster
B.  Making dicabs uga up thair food resarves D & and B onlly
112. Abscission | falkng of leaves from plants) is caused by
A Increasad production of aumns by leavas C. Dacreased produchen of auxns by leaves
B, Spraying synthetic by leaves A BandC
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113. Tha phanamenon by which too much gibberelins causes fhe stams of plants fo bacoma vary long and thin, with faw
branches and pale stem i calied

A alicdation B. bletting C. pruning D. varmalkzation
114, 'Which of the following plant growth hormaones are considensd to be primardy stimuletors of cell drision™
& Cyhokinns B. Auxins . Gibbarallns O Efhylena

115, If you come across a fuit growing farmer whose planis do not bear branches, which of the following suggestions
would you make so hat tha farmer abdains more branches?

A, To remove the lateral bud . To prune the plants
B. Toremave the apecal bud D.Band C

116. What would be the effect if you coliect auxing fom the shoots and apply them omo the rool?
A Root growth would incraase . Root growth would be ratarded

B. oot growth would not be affected . Root would be changed into

117. Tha sheath that covers and prabacts the $p of the plumule until fre young leaves burst through it called
A Coleopties B. Coleorhiza . Root cap C. Apax

118. In a cartain plant seadling that was placed honzantally on a ground, the mane aumn is faund to accumulala
A, Onthe part of the root that is eway from the ground . Cin the shoot of the seedling equally

B. Onthe part of the shoot that touched the ground D. B and C only
119, Which of the following movements in plants is NOT caused by a differential distribution of auin?
A, Phototropism B. Geolropism . Thigmatrooism 0. WNashic movemenis
120. Tha grawth movament of plants fowards ar away from the source of a stimulus is called
A A refex B. stimidaticn . iag . trogism
121. Tha effect of light duration an plants is knoan as
A Reflex B. photoperiadism C. phatotropism [, photareceptan
122. Tha twa stimuli %o which bath plants and animals raspand are
A Lightand heat B, sound and smell . heat and touch 0. light and fouch
123. Flawering in short day plants is
&, Induced by long nights . induced by shart light period
B. Inhibited i light period is interrupted by flashes of light D. all of the above
124, Long-day plants will flower if exposed to
A 8 bhours ight and 16 hours dark . 16 hours light and & hours dark
B. 16 hows Bght and 16 hours dark [, 24 hovrs of the confinuous ilumination
125. If a baining stam winds araund a support stick, this is
A, Tropism B. nashc movement . tawis 0. mutualism

1286, Which of tha following ferms is given a wrong dascripiion?
A, Tropic movements — bending of plant organ in response to 8 unidirectional stimusiug
B. Maslic movement — movement in a nan-direciional patbarn in response fo a diffuse stimulus
C. Pholotropic movament — grawth of pollen fuba fowards the egg
0. Phobotropic movament—bending of plant shoaot in responza a light

127. Which of the following describes nastic movemeanis?
A, They are due to non-directional stmulug . They ane confined io growing regions only
B.  Thay are dua to grawing changas D. All of the abowva

133, Plants growing in moderate shaded areas have a langer leaves. This phenomenon is dus o
A, A reduction of photosynthesis than franspirafion  C. abundant supply of water in the leaves
B.  Reduced wranspiration rate of the plam [, Band C only

129. Day-rautral plants, which are actually comiman in the tropics, produce flowears,
A, When mghts are shorber than a criical period  C. When nights are lenger than the critical period

B. 'Without any rafarence to light simulus . Whan nights and days are equal in lengh
130. Ifa short-day plant is iluminated with a brief fash of light during the night, Sowesing will be
& Arcelarated B. unaffected . inhibiad D prambdad

131, The indigenaus plants in Ethicpia are in general
& Plants mora or less regquinng equeal day and night kength
B. Shori-day planis . long-day plants D, day-neutral planks

132, Plants which flower only when the hours of the light penod are shorter than the crifical time ane best dassified as
A Long-night plants B. Long-day plants C.Shorday plants  D. Shart-night plants
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133,  Plants growing in the dark wsualy have long, thin and weak stem and their leaves ana pale yellow. Such plants ara

knoan a5 A eliclsled planls B. vemalized plants . & neufral-plants 0. none
134, Tha treafmant of plants to cold cimates far sevaral waeks to enable them fower & called

A emnalization B. eliclaticn . blotting 0. freezing
135, Trape: mavemants

A, ane due io growth changes . are confined bo growing regions

B. aredws fo undirecional sbrmuius 0 all are trug

135. Which of the following i the cormect order of the zones of root fip from the botiom of the root?
& Fora of call drizion—zane of elongaion—zone of dfferentation
B. Zome of elongation —zone of cel division —zone of differentiation
. Zarma of call drizion—zone of diferentialion—aona of alongation
0. Zome of diferentiation —zone of elongation—zone of cell division
137. Tha plant grawth harmane that causes planks grow abnarmally tall is

A, Cytokining B. IAA C. Ghberellins 0. ethylene
138, If a apical bud of & cerfain shaod is remaved. than
A, Ayn produchion will ceesa . lakeral busds near the tip will grow

B. Grawth in 1ha apax of fhe shoot will ba inhibied D all of fha abave

133, By pruning plands, one can
M. keep plants at a desired hesght . make plants develop a srong framewark of branches
B. increase tha production abundant Sowers D all of the above

140, If a plant that has been growing in the dark is exposed o light
A, The rate of elongation is quickly reducad . The leaves of the plant bacomas graen
B. The rate of elongation is nesther reduced nor increased [, the keaves remain eficlated

141. Light aflecis the davelopment of plants in ils

A, duration B. intensity . quality [, all of the: above
142. If a Winostat holding a seedling is rotated very slowly ba fhe plant whers the centrifugal forca is less than the pull of
grasity

A. the seading wil grow horizonkally without bending
B. e usual gectropic curvatunes of both the shoot and the rook soon appear
. fhera will ba egual distribution of auxin in the seading
[, only the root bends towards gravity

143. nastic movament
A, s non-grectiongd . the responses are nod determined by the stimuli
B. isdus o difused stimulus 0. all of the above

144, Dwring senescence
A, Plants functional capacity incraasas . cellular break down mcreases

B. Metabokc failuras increase D. B and C only
145. Which of the following compansons babween spongy and palisade cells of laaf is NOT correct?
Spongy cells Palisade cells
& Have chloraphyll -—-——————— Hawa na chloraphyll
B. Have more air Spaces == Have less air spaces
. lregular in shapg -—————————— Elangated in shape
0 Loosely aranged -——-—-—-————-— Verically amanged
Answer for Unit 4 [ Food Making and Growth in Plants) 13; 2
1
1 |C|MW|C|2r|B|40|(C|53|A |66 |C|[M[A|& |B|10s[B|[1B[A|133]|A
2 |B|15|D|28|B|(4M|(D|54|B |67 |C[BI[A | |B|106|A[18[D|134]|A
3 |B|w|A[W|C|[42|C[(55|A|68|C|B|D|% [(B|107|D|120|0([135|D
4 |B|1WW|D|0|D[45|(C|56)|A |69 |A[BR[D|S |D|1E|B[1M[B |13 |A
F |B(WB|C[N|C|[M|C|(S5F|B|T|D|EF|A|%S [A|18|D|122|C[137|C
6 |B|19|D|32|B[(45(B |58 |C |7 |C[BH[C |6 |D|110|D[123(D|138|D
7T |A|20|D|3B|D|(4E|(D |5 |D|R|A[BS[(D|W |C|1M|D[1M[C|138|D
8 |C{AN|Aa[M|A|[4T|A|B0|C|TI|A|BE|B |9 [B|1M2|C|125|A[14D|A
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9 |B|2|C|B|C|4B|B[6I|B |48 [BT|C|MO|A[TI|[B|1B[C] 141D

W|D|23|[C[k|D[20|[B[62[B|[75|C |EB|B[W|D|14[A 12T [A|V4Z|B

1|8 | M|([C[IF|A|[SN|B|83|D T |C|M|B[(MW2|C |50 |128|0|143|D

1Z|D|B|A[R|D[H|D[E[C|[77|B|W|[C[WI[C[16|C 1208 14D

3|0 | [A (BB [5|C|ea|D T8 |0 |9 |D[104]A8 147 A |130|C|145|A
Unit Five

Conservation of Natural Resources

The termn resource can refer bo any nacessity of life, such &s waler, nuiriants, Sght, focd, ar spaca. Far plants, resources can
include sunlight, water and s0il nuinents—all of which are essential fo surnival, For animals, resources can incude nesting
spaca, shalter, types of food and places to feed.

Matural resounces ang amything natural that are used, They are the compenents of nature found in the atmasphere, hydrasphers,
and tha lithasphare. They ara useful sources of anargy, ta support life for survivad and prosperity.

Classification of Natural Resources

1, Renewabde Natural resources: ara resouncas thal can ba re-used and reglenish or replacs thamselves in a reasonabla fma.

Renewable rescurces are mainky [iving things and their products. Managed carefully, they can be used, reused and replaced.
Examplas of ranawable resources are crop plants, treas, catile, and chickans.

1, Non-renewabde natural resources: ane resowrcas Mat can be used but nat replaceabls by themselves, They are nat living,
and when they ara used they cannof ba replacad. Exampas of non-renewabla resounces are mcluding metals kke geld and ian
and foasil fuess, like gas, ooal, petroleum and minerals,

Even renewabla resouncas can be lost if we do nat manage them carefully. Trees can reproduca new trees and foresds can last
thousands af years — bt if all the rees are cut down and used for imber in & vary shor time the forest will not be able o renaw
itsalf and all the species within it will b= lost.

Similarly if an animal is hunied until there are no more of thal species left (exlinclion} or its habitat & destroved so it can ng
langer fead and bread, then anather natural rasource will be lost farevar whan the spedes becomes axtinct. | may ba lostina
particular area, of it may be lost everywhers in the waorld, when it i fgtaly exginct,

Ta probact our natural resowncas, both hare in Ethiopia and around the warld, peopls are becoming mone awars of the need for
conservalion

Conservation — & tha wise usa, protection and praservalion of gur natural resowncas in a sustainable manner.
Conservation and Biodiversity

+«  Biodiversity &= the specas richnass of a givan region or placa. [t shows the number and vanety of species in a gvan
angd,
»  Ome of the most imporiant Mings 1hat concems scientists around the workd at the moment is the loss of the biodiversity
that is taking placs vary quickly. This maans that ranawable rasources are desappearing from our couninas.
+«  Tropical ragans especially ropical rain forests aré knawn for thair highast biodiversity sinca théra are diverse numbsr
of plants, animals, and microbisl species. Ethiopia is akso part of the fropical region and it is Tamous for its bicdiversity,
The importance of conserving biodiversity

Faod sacunty—io provide food in feeding humans and ather animals

Health care—io treat and cure diseases &5 they are usad to make medicing
Commarcial value—ta generale income fram taunsm and sall of their products
Aesthetic value—bo recreste pecple by watching their beauty

Educational and reseanch valuwa—io acguire knowledga through scianthic invastigaion

N e G b2 =
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6. Shallenng—io be home for aremals
7. Protection of water and i3 preservation 1o supply water for epogysiem senices
The Method of Conserving Biodiversity
Establishing of natural resources mcluding zoog, parks, and sancluanies to conserve plant ard animal species,
Management of ecosystems — protection and preservation of ecosysiems for their sustainable development
Restoration of damaged habitals — maintenance of loss of habitats and their desturbance. It also includes the
creafan of naw habitals.
Conservation of Vegetation

W loak at fhe wsa of plants in faa ways: Direct and indirect uses

1, Direct uses of plants

#«  Timbar and wood ame magor resources of plants
#  Forests provida fuel wood
#  Plans are used in extracing essential oils used in s0aps, cosmetics, incense, el

2, direct uzes of plants

#  [Farests chack soil erasion and land dagradation
#  [Farests reduce pollution by absarbing C0;
#  Forests ana of great educational and aesthalic values

Vegetation Types in Ethiopia
Ethiopa has a wanad topography {landscape). It vanes batwesn the high lands and the flat lands (low lands). This has givan tha

country @ wide range of habital, It has alse provided the country with diverse forms of plant and animal [ife. Ethiopia has been
divided mio the following wegelation types. Thesa ars lisked m the table balow.

Vegetation type Location Dominant vegetation
Desert and semi-desert Afer, Somali, Cromia regions, Sidama Euphorbia (quiqual), acaci (grar.commiphora
gerubland and Southam Oromia Zones (yekebezaf|fAle (ere)
Acacia - commiphora (small | Ogaden balellowland), Hararghei and Drought-ressstant irees and shrubs with small
leaved deciduous woodland) | Sdama lowlands deciduaus leaves. 8g. Acatia, commiphora

ivekebezaf)

Low land, semi evergreen Gambslla Semi-deckluous trees and shrubs Emergenl trees-
foresd cartisloka
Combretumn Tanminana Morfh and South western parts of Small reas with large deciduous leawves and
ibroad leaved) deciduous Ethiopia — Gambella, Gamogata, undersiory of herb and grasses. The dominant frees
woadland Weslern Tigray, Gondar, Gajam, Wellega | includa species of Combsiratum and Terminalia

and kaffa
Ever green scnub Oocurs adacent 1o the dry evergreen Shrubs, scatiened frees e Jumperols Procers

montana farest on the lowar parts

Dry ewver grean mantans

In the highlands in the nodham and

The common fraes induda Jurkpevus procera, Caillis

foresd and grass land soush westem plateau of Ethicoia Africans, Euphorhiz smpinhela, Qles eurcpees
complex

Moest envar graen mantane High lands of Arsi, Sidamo, Bale, Tall emergent and madum zized frags

fores Hararge Endemic herhs and epiphytes

Afroalpine and sub- On the slopes and &t the 1op of highest Mount Abune Yoseph, Guna massd, MountGuge and
afrgalping wagatation mourntains Menz

Riparian Swamp vegetation | Banks of rivers and shares of inland Riparian vegetation, Sledges and gragses dominate

lakas

SWATIpS
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Effects of Man on Natural Vegetation

=  The great thraad to vagatation caver is tha unwise use of thesa natural rasources by paople.
#  This incluces deforestation, overgrazing, and buming of nabural vagatation.

1. Deforestation — is the removal of trees and shinubs from forests for vanous purposes, Some of these ane;
1. Cleanng tha vagatation 2. Cufling woods for fusl consumpfion 3. Curttireg frees for timber production

Defarestation not cnly will remowve the plant cover from the site but also wil remove the nutrients in the plants together with
it.

2, Overgrazing — Owergrazing due (o increased animal population will expase the land surface to sericus wind and water

arosion.

3, Buming — Fire destroys the softer and more nuiritious grasses, whitst seeds of ougher, firer resistant and less nubribous

grasEas survive.
Endemic plant species of Ethiopia
Eftwopia is a country which & inbarnationally recognizad for its rich divarsity of plant specaas.

An endemic speches s an organism that is only found in & particufar area - 5o we have around B0 endemic plants which grow
wild m parts of Efhiopia. Thay are very impartant bath ta Etheopia and woeld biodivarsiy!

Ethiopla is an importand regional center of binkogical dversity,

Some of the reasons for high biodiversity in Ethiopia
1. The wide rage in alfitude and cimate,
2. The izolafan of highlands of Ethiopia, and
3. The fact that there are 5o many different biomes present in the country,
% Ona eslimaba suggests that fhere are betwean 6500 and 5700 plant species in Ethiopia with up o 300 endemic
specias, This represents e fifth most dverse flora in Africa,

% About 10-12% of thase plan spacies ara andemic fo Ethiopia (approximately 1150 plant species).
+ Etheopsa is ane of the 12 centers of grigin (Vavilow centers) of cultivated crops.
% Thera ara 11 cultivated crops, which hawva their canler of genabic diversity in Ethiopia.
% These are:

1. Coffee arabita—————Cofleg

2, ol e e Teff

3. Ensale verriculym-——————Enzat

4, Cocoima abyssinicg-——-—— - fAnchobe

5. Guizoliz abyssinica———-Nigar seed (Mug)

G, Brassica Comnaig-—--———— —=Efhiopian rape (Gomen 2er|

T. Carthamus bofuas Safflowar [ Suf)

g S{:rg,hurr] L .-Su;]f?]un

2, HOrgeumm Sp === Barley

10, BUATY USRS ST s Lingeed (Telba)

11. Ricinus comemnis Caslor bean (Gula)
Ethiopia is al=o an important centar for panatic diversify of forageé plants. About 46 lequmes are andemic to Efhiogia
They include:
1. Spacies of trifodum [chver] 2. Vigna (a bype of bean) 1. Lablab [all plant parls are adile]
% These plants. usad a5 animal feed, are impaniant because they add nitrogen 1o the soil in which they grow as they
hawe nilrogen-fixing bactaria ving symbictically in their roats.
The History of Ethiopian Vegetation
The histary of gur vegetalion in Eficpia has not been recorded in a3 much detail a5 we might wsh. Linforunately, as we ane
blessad with such a rich and diverse vegetalion, we have not a5 & nation conserved that gift urtil recent years.
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But parhaps we are not foo laka! We have used owr rasources withaut thought for fusure - in each area of the couniry the
avadable vegetation hag often been destroyed, However, now we are looking at the the pasast and making great effors for the
fubure.
Some Conservation Methods of Vegetation
1. Reforestation — tree felling should be matched by ree planting programs. Planting of indigenous plants should be
given promty.

2. Enclosure — siles wilh Btile wegetaton will have seeds that remain in 1he soil, Such aress if protected wil regenerate
withim few wears of natural vegetation

Fire protection — tha delibarade use of fire shawld be prohibited and pacple caught i doing 50 should bs penalized.

Awareness creation — this i the mast mmportant part in planning corsenvation strategies. Bath at the national and

cammunity level aducational programs nead to the intansmvaly pravidad to creata awareness.

3. Use of firewood and charcoal — should b= discouraged, Other sowrces of energy, such as biogas, have o be
provided and costs of alecin enengy should be reducad.

Wild Life Conservation
Wikd|ife: — refers o animals and plants that live and grow in natursd condibons. I refiers ko both big and small animals
and plants.
The use of wild animals:

1. Ecolopical balance — each species plays an imgortant ros in balancing the population, maintaining the faoad chain
and netural cycles on the earth. The destruction of & particular species of wild animals which has been reganded as
harmful on tha basis af a parficular incident may prove % be wrang than right in tha long run

2. Survival value — the nch diversity of today is a result of natural evolution that has taken since 3.5 years on ganh. The
specas surviving today regresant years of avalufion and conshtule a hantage 1o the past.

3. Educational and scientific value — Wildife provides valuable information to naturalists and biokgists,
undersianding the anvironment, ecalogy and behavior. These animals ara aksa used fo study the effects of polution.

4. Recreational value—Wid animals have aastheic value. Bacause of this they sarve a3 the center of attraction

5.  Economic value—Wid specias of animals nat anly provide meat but ther skn is used as fur. They ane also sourcas of
income o towism,

6 Genetic value—Widiiz has a great &5 a gana bank of nasure. If is of greal importanca in breeding pragrams in
agricifiure, animal husbandry, etc

7. Medicinal wvalwe—Thers amna 0 many vanalies in tha wild whose medicnal importanca is not known even boday.

8. Source of food—In Ethiopia there are aboul 27T species of mammals, 861 species of birds, T8 species of repties, 63
specas aof amphibians and 101 spacies of hshas.

% The high species richnass creatas many divarse acological zonas with many ecobkogical nichas far animals 1o hll.

A summary of the vertebrate biodiversity of Ethiopia

e L)

G B B

L]

Vertabrals Mumber Number Nurmbar Numbar Endlemic
Graup ol arar of famaly of evas ol spacies fo Effnapia
Mammials 12 40 144 i &
Birds M &7 e (4] i
Raplies 4 15 I8 8 3

| Amphibians 5 Fi ] [iE] ir
Fisl g 4 ] im 4

In terms of the bodversity of its avifauna (birds), Ethicpia = one of the most sgrificant countries n mainlznd of
Africa
Again, Efhicpia's diverge ecology cantribubes io the remendousty diverse bird life. Over BE1 species are found in
Ethiopia.
Af present, 69 Important bird areas (which are also imporiant for large numbers of other growps of animals) are
identified by the Ethiopian Wild life and Natural History Society [EWNHS).
These are already exising and profecied arees and there are also many other sies
Such protaction is necessary as the divarse bird s of Ethiopia is hreatened, along with tha overall biodiversity of the
country a3 a result of 8 number of praclices

Wild Animals in Ethiopia
Most of the wild animals are concentrated in the South Western part of the country mainly in the Oma nver bagin, and
ihe zambella region.
In this part of the coundry thare are largs herds of:
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1, Eland, 3. Lions 5 Granfsgraffe 7. While earad kob 9. Elephant 12, Oryx 14. Gerenuk
2, Buffaky, 4. Oslrich 6. Zebra B, Hanebeast 11. Wikl ass 13, Summesing's gazelle 15 Warlhog
—are found in the eastam part of the country. The Bale Mouniains ana known far Mountzn Myala, Saman fox, Menlik's bush
buck and Golden Jackals.
As zhown in the fable abowva thers arg a lol of andemic arimals in Ethiopia. These include
Walia iex — in the semien mountain
Mountain Myala (Dega Agazen) — in the Bala Mountan
Semien fox (Kei kabero] — in Balke Mountaing, Semien Arsi, Welio, gojam and Menze
Gelada baboon (Chilada zinger] — in Semien Mourttains and in Menza (Samian shawal
Somali wild ass (Yemeda Ahiya) — in the Afar region
Menlik's bush buck {Yemeda Dikuwa) — in Samian Mouniain and central high lands
Swayne's Hartebeest — in Senkelle sanctuary and in Nechsar Nafional park
Thick-billed Raven |Kura] — in tha caniral hagh lands
Human effect on Wildlife
»  The deforestation which has deprived aur country of 0 much plant bicdiversity has aiso caused meny speces i be
pushed fo tha varga of extinction.
» Al the moment cur instifule of Biodiversity Consenvation (the [BC) is warning that at least four mammal species and
fwa bird specias ara an the brink of exinction as a result of habidat loss.
= Thesa are tha Waiia ibax (there ara only about 514 |efl), Mounltain Myala, Eficgian wolvas and Grawvy's zebrazs, while
ihe White-wingad fluf tail and the Ankober Serin bird ane also badly threatened,
= The |IBC explains thet deforestation is one of the main reasons for the decling in wildife in cur country = when the
forests go, so does the wildife,
#«  Many animals hawe bean hunbad and their numbers greally reduced. These may be ba keep thermn away from craps or
iz stop them kiling and eating domestic animals, or it may be for report
= ‘Whanewar paople settle thay change the arvironment and make it maona difficul for widlie 1o survive.
Methods of Conservation Wild Animals
The conservation of wild animals is mainly associated with the conservation of sail, waler and vegatation.
Wikl animal conservation methods include the iollowing
1. Controfling hunting — H thara are more wild animals than the habitad would suppart Sara will ba destruction of the
hehitat, Then control unting would be allowed
Conéralled hunting requires the developmant hunting rules, $hese rules, for instance, consider the follawing pains info
account
= Shooting only a cenain rumber of animals (adulls) per given pericd but not female ones
= [Endanpered or threatened speces or young animals should never be considered even far controfed
hwntingduring the breeding seazans of the animals hunting should nat be parmitted
2. Praotection of the habitat — the habilet in which the species should be profected a5 parks, sanciuaries, efc,
4. Survey and research — Survay on the number of spacies and their habitad and ressarch on the regroduciiva
behawiours of spacies wil provide important information for the consendation of wild animals
4. [Establishing national parks — Wild rasarves and sancluanses
I, Matlonal park — = a conservation area designed 1o give maximum protection to the largest wid animats
1. Wild sanctuary — = an amna that is managed for the protection of particular animal and bird communities
I Wildli¥e reserves — are areas sat agide for the consenvation, manageman and propagation of wild animals
They ame protected and manapgad habéats. In such rasarvas, controlled human setlemant and activity may
be allowed
Below are listed many of the main Nabional Parks of Ethiopia alang with same of the wildife sanctuaries that have been setup ta

protect specific species.

e

Mational Parks Wildlife sanctuaries
1 | Abjsta-Shalls lakes B | Mago Mational park 1 | Harar Wikdlfe sanchuary
| 2 | Awash Nalicnal park T | Omo Matonal Park 2 | Buni-Muktar Mountain Mvala Sancluary
4 | Bale Mounizin National Park 8 | Mechsar Kational Park 3 | Senkelle Bwaynes Harebeest Sanciuary
4 | Gambella Mabional Park 9 | Simien Mouniain National Park For full understanding — Please read student text
5§ | RiRl Valley Lakes National Park 10 [ Yangudi-Rassa National Park boak page 182 — 197
67
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The Major Problems of National Parks of Ethiopia

Leck of awareness by the community

Lack of low enforcement

Lack of raned technical parsonnel

Abzanca af land use planning

Lack of consuliation and participation by the people anound the profected areas

Lack of realistic and etfective rasatiament programs far the inhabitants in and around consarvation ansas

Air
Causes of air pollution

Paollution — is the process by which harmful substances are added to the environment, As human pollutions
increase and society bacomes more industrialized, pollution has becomea mare of a problem.

Many of the products of moderm fechnology are toxic and when they find their way into the air and water,
they threaten the lives of onganisms in the scosystem, including humans.

A pollution results mainty from the buming of fusls such as coal, oil, pefrol and wood. It may also be due to
matural causes such as volcanic eruptions, forest fires and biological decay which releasa ammonia into the
™

Air pollution due to human aclivifies includes exhaust fumes from motor vehicles, chimney fumes from
factories where fossil fusls are burnt, and the buming of garbage

The pollutant gases released include sulfur dioxide, nitrogen oxide, carbon monaxide and carbon dioxide, In
addition, lead and particulate matier can be releasad into the enviranment from petrol and diesel used in
car, bus and lomy engines. Further changes in the atmosphere then produce secondary pollutants such as
azone,

Sulfur dioxide at high concentrations has damaging effects on both plants and animals. In addition, sufur
dioxide and nitrogen oxide react with cxygen and rain water to form sulfuric acid and nitric acid
respectively, which falls to earth a5 acid rain.

The death of fish in lakes and rivers in countries such Germany has been attributed to large amounts of acid
rain, which dissolves aluminum salts in the sod and washes them into rivers and lakes, leading to
concendrations that are poisonous to fish.

Lead may be present in the air, water and the food we eat. Lead poisoning ocours when lead accumulates
in the body over long periods.

High concentrations of lead in the body may cause cramps, loss of control of the hands and feet and even
death. Uirban air contains @ much higher concentration of lead than rural air

The main source of carbon monoxede is motar vehicke and exhaust fumes. Carbon monoxide combines with
hemoglobin in the red blood cells to form carbaxyhemoglobin.

in high cunmnt‘a

The greenhouse Effect of CO; (Global Warming)
Before widespread indusirialization, the concentration of Coz in the abmosphene was spproximately 260-230 paris per
millian {ppmj.

Az industries grow, use of Fossil fuels — coal, ol and gas has increased greatly. As a result of increased use of fossl
fusils, e amount af CO0; in the atmosphera has mereased rapidly.

1]
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# In 25 years period starling in 1958, the concentration of GOz increasad from 315 ppm fo mare than J20ppm.
Climatologlsts have calculated that the sctwal mean giobal temperatyre has ingregsed about 1°C since 1900, 2
phanamenon known as global warming.

#  Srientists have determined the concentration of gases in the aimosphere paniculady $0: maintans the average
femparature on earth abaud 25%.

#  Much of tha anargy entenng tha Earth's almosphare from the sun = reflected back inbo space as infra-rad radishon
The COZ and other gases frap the radiation and keap the earth warm, This is known &5 a greenhouse effect,

The atmasphara acts ke the glass of a big greanhouse sumounding the earth. As the rasult of greenhouse effect of e
geses, nitrous oxide, methane, and chisrofluarocarbons (CFCs), in addition b GO, the earth is beginning to wam up

W

¥

In recent studies, it was estimated that the concentration of the COq in the aimesphere would pass 600ppm by 2025
If this cancantration &5 reached, il would warm tha surtaca ar by betwean 1.5°C and 4.5%C.

The warming up of the aimospheric a7 due io the greenhouse effect of CO: may also have an effect on dimale
Most important effect is that the graat polar ica caps melt causing sea kaveds 1o rsa which in furn, would have a
disagirous effect such as flooding far low-lyving countries.

Ozone Depletion

#  Ozone (Og) is a dfferant form of axygen gas than o. Tha Ozane layer profects key biological molecules especally
proteins and nucleic acids from the harmful wWiraviclet rays thet bombard the earth continugusly from the sun, Life on
aarth may have bacome passible only whan the oeygen layer is sufficiantly thick to genarata enowgh ozane & shield
the suriace of the earth from the destructive LV-rays,

¥ ow W W

»  Every 1% drogp in the atmosphenc czone is estmaied o lead to a 6% increase in the incidence of skin xcancer
However, the Ozone layer is being damaged by cartain chemicals [polutants) primarily by chiorofugrocarbons (CFCs),
#  The dastruction of he Ozana layer forms holes. The increasa in the lass of the ozone Byer & called Ozone daplation.

»  The CFCs are used im cooling systems, fire extinguishers and foam containers. They percolate up through the
atmosghers and reduca Oy molecules b .

#  Indusiial CFCs releasad into the aimosphare raact al very cold famparatures with Ozone convarting it fo axygen gas.
This has the effect of destroving the earh's Ozone shiekl and exposing the earths surfacs b increased levels of
harmful LV-radiafan.

Composition of atmosphere

The atmosphere is a mixture of sevaral gases. The composition the earth’s surfaca is given below:

=  Nitrogen (N2}—78% approximately
Cieygen (O2)—21% approximately
Carbon diodde (O02)—=0.03% approximately
Hydrogen, Helum, Nean, Crypton,and other gases—0,04% approximately
The air atso contains water vapour, dusi particles smoke and saliz

Air Pollution
Podlution — i the releasa of harmful waste info the environment
Pollutant — is the agent thal causes paollution. Example-- buming of fossil fuels, industrial smoke, deforestation
and chemicals
guich as nseclicdes are the main polluiants.
The Greenhouse Effect (Global Warming)
An excessive usae of fossil fuel can change the self-requlating cycle of the carbon.
The excessive carbon dioxide traps the infra-red rays which are normally radiated back into the space from the
earth’s surface.
This trapping leads to the gradual warming of the earth and melting of the polar caps.
Ozone Depletion
» Tha ozone |ayer is a layer of gas which prolects tha earth from the hammful rays of the sun such as the
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ultraviolet rays

» The main chemicals that causa the loss of this layer ans the so called chlorofluorocarbons (CFCs).
These chemicals

» resultin the damage of the ozona layer and as a result the layer forms holes.

» The increase in the loss of this layer is called the ozone depletion. Ozone deplefion allows more
ultraviolet radiations

« toreach the earth, This causes skin cancer, increased globa!

» warming, atc. The first hole in the ozona layer was discovered in eady 1380s is in the Antartic.

Ultraviodet radiation _.;" gan atom

Oixygen molecule ¢ =————r gf React

Ozone is formed in the atmosphere when UV rays strike an oxygen molecula (O2). freezing it (O) fo combine
with other oxygen molecule (0:) lo create Ozone (Os). The Qzone produced is then broken apart by
the UN-rays, again absorbing UV - light and forming and reforming ozone many bmes.
The increasa in air traffic has led to excessive nitrogen oxides emitted from the jet fuel.
The industrial achvibes have led o increased carbon dioxde by forming petroleun products
This has desturbad the balance of gases and the ozone layer and is a threat to the earth's atmaosphere.

= Itis stimulated that CO; is responsible for 50% increasa in the greenhouse affect.

Review Questions
Unit Five == Conservation of Natural Resources

1. Which of the following statements sbout renewable resources is TRUE?
A They are cnly faund in tropical dimates
B, They can never be depleled
C.  They are replacaable by nalural means
[ They regenesate quickly
2. 'Whach of tha folkywing is a nonrenewabla resounca?
A Wind B, Fresh water C. Coal D. Tepsoi
3. 'Whch of tha following is MOT a direct effect of deforestation?
A, Decreased productivity of the ecosysiem . Soil erosion
2. Biolegical magnification D. Habitat destruction
4, The tatg variety of organisms in the bicsphere iz
A Biodwearsity B, Ecosystem divarsity C. Spacies divarsty 0. panabic diversity
3. Qgzone is made up of
A, Hydrogen B. Oxygen . Nitrogan D0. Chiorine
6 Ozone depletion in the atmosphere has been caused by
& Monocuture B. CFCs C. Suburban sprawl D, Soil arcsion
7. Ina food chain, concentrations of the harmiful substances increase in higher trophic levels in a process is known as
& Biological magnification B, Biclogica succession  C. Genetic drfl 0. Pesticide resistance
4. The concegpt of using nalural resawrcas at a rale that does not depleta tham is callad
&, Consarvalion B. Sucoessiul use . Sustainable development [ Reforestation
9. A resouwnca thal cannod easily be raplanished by natural procasses is called
&, Comman E. Renewable . Morrenewable 0. Conserved
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23

25,

26.

2T

28,

. 'Whataver human baings use for foad, sheder, clathing, elc., directly or indinactly cames from

A, Planls B. The sail . Animals [, Matural resources
. Renawable natural resourcas ana
A, Present in limited quantities 2, Prasent in unlimited quantiies
B. Heaplaced even if thay are confinucusly used D.Band C
Congarving cne of the folowing means congenving all e ofhers
A Wil life B. agetaban C. Soil 0. Water
. Which of the folkswing natursl resources ane non-renswable?
A A E. Solar anergy . Qils and minarals . Animals and plants
Thie highest diversity of living things is registered in

A The tropical rain fores] B. Tha temparaie rmin forest . the caral reefs O Aand B
Biodiversity of a certain counbry has

A Aesthelic valus B. Ecanamic valug . Ecological value 0. Al of the above
. The wise use of natural resources on & sustainable bases without senous eflects to e natural environment is refemed
foas
A, Consarvation B. Extfinction . Bipdiversity 0. Utilzabion
. Malural resaurcas can ba imcrezsad by
A, Transplanting plants from other countries . Producing more culfivated vaneties
B.  Comversion of grass land to crop kand 0. Recycling of used matesials
Ozona layer is affactad by
A, Supersonic pt . Increased use of pesticicdes
B. Burning of patrobaum 0. Incragsad wss of aarasals
Incressed beved of CO2 in the atmosphere is harmiful because i
A lncreasas burbidity B. Causes respiratory disonder C. farms smosg D. Traps heat
. Which of the folkowing wildlife conservetion meshods gives the maximum protection to the kangest wild animals?

A Matlional parks B. Wildlife resarve areas C. 'Wildife sanctuanas D. A¥ of tha abave
4344 widie conservation area thet is managed for he protection of & particutar wikd animal and bird communities is
rederred fo as

A, national park B. sanchuary . resene anea 0. aquarium

idenlify the comact statement from tha fallowing

A, Anima and plant resources are renewable bacause they reproduce

B. The greatast diversdy of living crganisms is faund in the fropical rain forasts and comal reals.
. K ananimal or 3 plant becomes extingt, then it is regarded a5 & non-renewable resource

0. A&llof the abave

If an Brea is covered with vegetaton, then

A The watar coming from the rain fall wal be consearvad

B, The force of e rain droplets will be reduced

€. The soil under the vapatalion will be able ta hold the available water D, &1 of the abava
Which of the following is NOT the rule of controfied huntng?

A Rilling a carlain nurmber of male and famala animals par a given penod of tima

B. Excluding endangered or young species from being shot

C. Hunting shauld not ba done on the breeding saasons

D MNome of the above

Ona of the major problems of national parks of Ethiopia is

A, Lack of swareness by the community

B. Lack of the paricipation by the pacple around tha pratactad area

. Lack of raned technical personnel [, Al of the above

In what way does a land with a cover of natural vegalation influanca soil erosion?

A, By redarding surface waber run-of

B. By trapping soi parbclas and restrict ther movermant

. By incressing soil aggregation 0. All of the above
‘Whach of tha folkowing i= regarded as a direct uza of farests?
A They control soil erosion C. They reduce pollufion by absorbing GOz

8. They provide educabional and aesthalic values D All of the abowe
Which of the fallowing helps to reduces wastage of energy?
A Planting mona fuel wood frees
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24,

J.

32

33

3B,

a7

38

-}

a0

4l

42,
43

4.
45,
46.

4T,

B. Generaling enargy from hydroalectric or wind power

. Using bicgas plants [, A of the abaove

Which of tha fallowing plants is NOT endemic o Ethiopia?

A Maize 8. Zigha . Enset D. Teff

‘Which af tha fallawing gasas results in global warming whan accumulated in the atmosphara?
A, Milrogen B. hydrogen . Drygen . Carbon dioxice
‘Whuch of tha folkowing actvilies increasas fha odwarsity of our coundry?

A, Burmng of fassil fusls . Cultrwation of a single crop

B. Culting of treas D Raplarting trees

Air polution by chiorofluargcarbons (CFCs) has caused

& Dzone hola B. global coolng C. Volzanic enupdion D Azid rain
Matural resources are components of

A& Hydrosphare  B. almosphare . land 0. all of the abowa

Which of the fallowing is a renewable rescurce?

& Sail B. Patrodawm . Coal 0. Mineral

Which of the fallowing measures & NOT recommended for conbroling gulies fram advancing farther?
A Planting shrubs and reas across the qully . Planbng grass on the gully

B. Planting cantour ploughing across the guilly 0. Buikding check dams across the gully

A factor the least confributes o 50l erosion is

A The soil eroding forces C. Land erodability

B, Poor land management 0. Ha nigriend status of the soil
Oheerexplofiabian of natural resaurcas may and up wih

&, Susteinability of resowrces . richress of respurces

8. Destruction of resourcas O AandC

One negative consaquence of large scale deforestation is that it may resultin

A Arisein tha aimosphanc compesition of nitrogan
B, Arisein the aimosphenc compositon of oxygen
C. A rise in the atmosphanc composition of carbon dicxics
D A reduction in the atmospheric compasition of carbon dioxide
Which af tha fallowing cannol be conserved?
A, Ecosystem B. Energy . Air palution [, Living organismes
Which of tha fallowing would ba unaizs to adapt as the strabegy of conserving Ethiopian wildifa?
A, Selective hunting
B. Selective kiling of young animals
. introduscing natural precatars to condrol rising numbers
D. Selective kiling of old males
The cause of extinchan and raduchon in tha number of wild §fe can be
A Uncondrallad huriing . Lsa of chemical pesSicides
B. Owergrazing by domestic stock [, Al of the abave
Which of the following reduce biodiversity sround the warkd?
& Climaba changs B. Daforastation . human activilies 0. Al of the abowve
Wy should we protect semen fox from hunters?
& His an endamic C. It has an economic value
B. N has the right fo exst in its habdat 0 All of the above
Which af tha fallowing human aciwiias affects vegetaBan?
& Appropriate farming B, Reforestation ;. Fire . Crwer hunting
Examplas of non-renewabla natural resources ara
A, Sclar energy and water B, Makural gas and petrobesm G, Water and wind D 'Wind and soil
Which of tha fallowing human actviias affacts wild life?
A, Habitat destrucsion B. Crver grazing C. Road construction D, Al of the above
Aeid rain may be caused dus to
A, Chiorofluorocarbon B. Carbson monomide . Crides of mitrogen D, Oxides of lead

146. Wach of the fallowing isn'l necassanly an aspect of cansanvation?

A, The avaidance of polution of the envircnment C. The avoidance of urwise destruction of climate
B. To mantain an environmant as it = 0. Mana of the abawe
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147. Biodrearsity i= lawest in

A, fhe polerregion B the ropical region G the deser region D, the lemperate region
148. cansarvation of wild life demands

A, national lzws o reduce tree fefing and poaching  C. consenvation education

8. Developmant of nabure rasenas 0. Al af tha abawva

143, i caused by an sccumutation of karge amaunts of COz and offer gases in the aimesphere,
A The greanhouse effact B. Skin cancer C. Ao rain [ Tha ozone hale

150, Atmespheric ar must be consenved because
A His the source of the gases wea breathe n C. It is & source of light

B. His the source of the gases for pholosynihesis D AendB
151. Threa natural resources considarad 1o ba ranawable but can bacoma non-renewable if nod proparty managed ara
A Coal, petroleurn and minerals C. water in lakes. oil and coal
B. Wind, solar energy and precipitation . Underground water, forasts and wild life
152, Which of the following is NOT major reason for the destrection of tropical forests?
& Over unling G Uncaondralled daforesiation
B, Firewood gatherng D. Lumbering
183. The evar incraasing global warming may cause
A, Regulaton of climate B. Melting of the polar ice cap . Volcano D AandB
154, iz a polutant that decreases the oxygen supply b owr lisswees by combining with hemoglobin?
A Mitrogan axida B. Sulfur gxida . Carban monooade 0. Qzone
155, A good methed to dispourage use of Brewood and charcoal i
A& Praviding ofher sources of energy
B. Penalizing fire wood coflectors and charcoal selfers
. Conltraling grazing . Fira pratacting
156, Which of the folkewing methads of wild animals’ conservation is most effective?
& FAeducing over hunting  B. educating psople  C. reducing aver grazing D. Mational rasenas
157. Which of the follpwing is NOT endemic to Ethiopsa?
A Walka s B. Sarnisn fox C. Wiid A=z D. Gralfa
1548, Reforestation is usefid 1o conserde
A Wil lifa B. Air C. Watar . all af tha abava
158, Among the follewing environmental problems, human kind is leagt responsible
A Dalorastation in forest ecosystam . Mulrient depletion
B. Owergrazing by domestic animals in grass land 0. wind ergsion in desar
160. Which of the fallowing helps to restona biodiversity?
A [Ecosyslem management B Rehabilila®on of habitats  C. Hunling and posching 0. Aand B
161. &l of the following confributes to air pollulion EXCEPT

A, Exhaust of cars B. Household wasies iC. Bolar energy [, Agrechemicals
162. Which of the fallowing na%ional parks in Ethiopia Walia Ibex is found?
A, Semien mountaing B. Bale mountains G. Nechsar [. Awash

163, Which of tha fallowing would you say resuBied in the greatest harm fo the resaurcas %o the earth?
A, Human's lack of concarn for the environment
B. Soil arosion by the wind and water

C. Human attempt 1o altar soma plants through genatlic anginesring 0. Forast firas
164, All of the following are inexhaustible EXCEPT
A Wind B. Goid C. Solar energy D. Precipitation

165, Global warming is agsocisied with
& Orzone daplation B. mcreased carbaon diokide  ©. Matural disaslers D all of the abawe
166, As compared to the previous fime, the: current bicdiversity sitvation in Ethiopéa is

&, lncreasing E. decreasing . constank D unknicean
167, An accumulation of lange amounts of C0z and other gases in the atmosphere causes

& Fossil fuel combustion: 8. Acid rain . The greanhousa effact D. skin cancar
168, Which of the following are true about air pollution?

A His highest in rural argas . it i5 lowast in urban areas

B. N affects all living organisms 0. Al of the sbowe
169. Burning o fossil fusls has releasad larps amaounts of _inba atmosphers

A, Carbon monaxice B. carhon dicaide G mokecular oxygen [ acid ran
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171, What do you call a measwa of wealth of species in a given place?

A, Biodiersity B. Ecosystem . Envircnment . Biomass
171. Biodwarsity refers o

A, entdying and scientifically describing species of ving things

B. Sustainable use and protection of natural resources

. The variety of living things an the planef earth

0. All tha natural resources we have on fhe plansat sardh
172, Whach of the following is used fo consende wild Bfe?

A& Sefling national parks and sanciuanes . Shifing thair habiats and niches

B. Alowing poaching for economical use 0. Mixing wid life with the domestic species
173, Which of tha following activiies causas glabal warming?

A, Reducing the number of livestock . Reducing the amount of rice farmers

B. Burning of fossil fusls D. Affarastation af the habitad
174, Which of the following describes renewable resources?

A They are mainly Iving things and their producis

B, They can be replaced bul unable to be reused

. They can be usad but are unable o be replaced

0. They are mainly non-living and replaced
175. Ethiopia has various types of vegetation. This mainly due i

A aned altitude and rain fal distribution . Tropical clmale
B.  Meamess o the equator D, Location and lakes
176. Which of tha falkowing is a non-renewable resourcas?
A Egg B. Teff . Sweed potato D, Qi
177. Which of the fallowing is MOT an example haw humans can affect natural vegedation?
A Classification B. Deforestation .. Buming D. Farming
174. Which of tha following methads is NOT an effactive way of consarvng widide?
A, Sefting up national parks C. Intensive farming
8. Contraling huniing D. Restoring lost habitat
ANSWER FOR THE REVIEW QUESTIONS (Unit 5)
i || |D|H|B[N|D|MN|C|H]A|&|D|[T1]|B
2|lCcl12|C|R2|D|R|A|d2|(C|R|D|62|D|7T2|[A
1 |B|M[(C|B|D|[WB|D|A|(C||D|63|C|[TI|C
4 |a|M4|D(M|Aa|MH|ald|C|HAJA||[Aa]|T|A
5 |B|1s|D|2|D|(3|B |45 (B |B5]B |65 |A[T75|B
6 |B|16|A |2 |D|3|D|46|(D|SB|JC|66|B|7T6|A
T |A[WT|D|XZ|D|W|B|4T|C|FJA|GT|D|TT[A
8 |a|M|(B|MM|D|3B|C|48|(B|M]|B|6B|B|TE|D
g |C|1M|(D|XM¥|A[W|C|49|(C||D|6B|C|[T9|A
10(0|(20|A|W0|D|40|B|5|(D|B0JD|70|B|80(C
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