VBEST NOTES <=
AZ Bllllll[iY

(9/80)




Energy and regpiration

Bhotosynthegie

Homoeogtagig

Control and coordination

Inherited change

Qelection and evolution

Biodiversity, classification and congervation

(Benetic technology




Chapter | : Energy and regpiration

Actions that require energy :

+ Anabolic with actiong such ag the eyntheie of proteing and other large moleculeg

+ Active trangport of iong and molecules acrogg a membrane against their concentration gradient
+ Movement of the whole organiem or movement of organelles in cellg

+ Maintenance of body temperatures

» Dhotogynthegie

a) ATP
ATD ig an activated phogphorylated nucleotide that consist of adenogine and three phogphate groups.
[t ig a universal energy currency. Ui 6 s AP
Energy releaged when AT molecule is hydrolysed ig uged by the cells. s | o O J
When ATO molecule is hydrolysed it becomes ADP + inorganic phogphate. |

b) Regpiration

During regpiration, oxidation occurs.

Energy from oxidation ig used to combine ADP with inorganic phosphate to make ATE.
Regpiration can be anaerobic (lack oxygen) aerobic (with oxygen)

Regpiration hag four main stages :

- Glycolysie (oceurs in the eytoplagm)

-+ Link reaction (occurs in the matrix)

+ Keeps cycle (occurs in the matrix)

+ Oxidative phogphorylation (oceure in the-inner mitochondrial membrane)

—> Glycolygie ( doeen’t require oxygen )

* A hexoge sugar is phogphorylated, uging phosphate from 2 o esesse Hexose
molecules of ATE to give hexoge bigphogphate. Cm phosphoylatn

+ The hexoge bigphogphate ig gplit into 2 trioge phogphate (TP) FOORIDE-r s ameres
molecules. Lyiis

» T ig oxidised into pyruvate by removal of hydrogen and 2 000

phogphate groupe by coenzyme NAD m’XW
+ Phogphate groups removed are added to ADP to give ATO e
+ In total there i¢ a net gain of 2 ATPs per hexose molecule




—> Link reaction

» Dyruvate enterg the matrix of mitochondria.

+ CO2 ig removed from pyruvate then diffues out of the mitochondria. (Decarboxylated)

+ Hydrogen ig removed from pyruvate and ie picked up by NAD producing RNAD. (Dehydrogenated)
» The two carbon compound ig then combined with coenzyme A to give acetyl-CoA.

pyruvate (3C)

NAD —
link reaction < > Cco,

- Acetyl-CoA combines with oxaloacetate to give citric | (e
acid. (Coenzyme A ig reformed and reuged) ;
- Citric acid ig then converted back to oxaloacetate 5 ol
through decarboxylation and dehydrogenation. C e
+ 2 COZ molecules and 4 paire of hydrogen atomg are Y1t
removed. M[O e
- Hydrogen atomg are picked up by 3 NAD and | FAD \ ‘
moleculeg becoming RNAD and RFAD.

- For each glucoge molecule, the cycle turng twice.

—> Kreb’e eycle ( requires oxygen )

FAD

—> Oxidative phogphorylation
+ Hydrogeng from RFAD and RNAD are gplit into-protone and electrong
- Electrong are pagged along ETC. Ag-they move along the chain, they loge energy.

+ Energy lost is used to-actively trangport protong from mitochondrial matrix to the inter-membrane
gpace.

- Increaged concentration of protong in inter-membrane space createg a gradient where protons
diffuge back into the matrix to through ATDage.

- Movement of protong provide energy to combine ADD and inorganic phogphate to make ATE

+ At the end of the chain electrong and protong recombined with oxygen (oxygen ie the final electron
acceptor)

ATP waeot ATP woale Net goin
Olycalysis -2 4 t2
Link Reactiin o 0 0
Krebs Cycre 0 2 12
Oxidative Phogphorylation 0 28 +28
Total -2 34 132




¢) Anaerobic regpiration
+ In the abgence of oxygen, oxidative phogphorylation cannot take place ag oxygen ig not present
to be the final electron acceptor.
» Hydrogen ig uged up, g0 RNAD cannot be recycled.
- Mitochondria rung out of NAD and FAS accept hydrogen from Krebg eycle.
- Glycolygie is the only process to continue ag long as pyruvate can be removed and RNAD can
be converted back to NAD
+ To pathwayg allow recycling of RNAD : ethanol and lactate pathwaye
—> Ethanol pathway :
Pyruvate i decarboxylated to ethanal. Ethanal accepts hydrogen from RNAD and ig reduced to
ethanol. NAD can now be reused.
—> Lactate pathway :
Pyruvate acte ag hydrogen acceptor and ie removed by converting it to lactate.
Lactate produced in the mugcleg ig carried through the blood to the liver o convert baek to
pyruvate.
Thig process requires oxygen <o extra oxygen ig required affer exercise hag finished.
- Extra oxygen is known ag oxygen debt.
+ Ethanol and lactate produced are toxic.

+ Thege pathway are aleo very wagteful ag there i only a net gain-of two ATO molecules per
glucose molecule.

* Only lactate pathway ig reversible.

d) Rice adaptation

+ Rice gtemg contain a large number of hollow aerenchyma (air gpaces). Thig allows
oxygen to penetrate through stem and move to the roote for aerobic regpiration.

+ Rice hag shallow roots, allowing access to oxygen in waterlogged goil.

+ Cellg in rice plante roote have high tolerance to ethanol. Thig is becauge they have a
high concentration of alcohol dehydrogenase and allowing them to break down ethanol.
Thig allows them to regpire anaerobically for longer periods.




Chapter 2 : Photogynthegis

a) Photosynthetic pigments

Thege pigmente abgorb different wavelengthe of light : Chlorophyll and carotenoids

—> Chlorophyle —> Carotenoids:

Abgorb : red and blue-violet light Absorb : blue-violet light

Reflect green light Reflect : orange-yellow light

Giveg leaves their colour Orange pigmente protect chlorophyll from damage by free radicals.

( a ™
chlorophyll a

+ 2 types of chlorophyls : chlorophyll a and chlorophyll b e
+ 2 types of carotenoid: carotenes (B-carotene) and xanthophylle. | £
+ Main pigment : chlorophyll a

+ Accesgory pigment : chlorophyll b

b) Light dependent reaction

—> Non-cyclic photophogphorylation.

+ Chlorophyll molecules in OSI and PSII-abgorb light-energy.

+ The energy exciteg electrong, raising their energy level o that they leave the chlorophyll

+ The water molecules are gplit into. oxygen and hydrogen atome by enzymeg in OSII. (photolysic)

+ Each hydrogen atom then loges ite electron, to become H+.

+ The electrong are picked up by the chlorophyll in OSII, to replace the electrons they lost.

+ The oxygen-atomg join together to form oxygen molecules, which diffuse out of the chloroplagt and into
the air around the leaf.

+ The electrong emitted from PSI[ are picked up by electron carrierg

» Energy lost ag they move along ETC are uged to make ATD by combining ADO with inorganic
phogphate group. (photophogphorylation)

+ At the end of the electron carrier chain, the electron ig picked up by OS], to replace the electron lost.

+ The electrong from OS[ are pasged along a different chain of carriers to NADR.

+ The NADD becomeg reduced NADD by picking up H+ ion.

+ ATD and NADPH are made.




—> Cyclic photophogphorylation

+ Light ie abgorbed by only OSI.

+ Electron emitted from PSl is paseed along ETC then back to PS| again.
+ ATO g produced ag it moveg along ETC

+ No NADPH ig produced.

¢) Light independent reaction

+ CO2 diffuses into the stroma from the air spaces within the leaf. [t combines with ribuloge
bigphogphate, RuBP. The reaction ig called carbon fixation and ig catalyced by enzyme rubisco.

+ The producte of thig reaction are two molecules of glycerate 3-phogphate, GP.

+ Energy from ATP and hydrogen from reduced NADD (from light dependany reactions) are then uged
to convert the GU into trioge phogphate, TO

+ Trioge phosphate ig the firet carbohydrate produced in photogynthesie.

- TP i uged to regenerate RuBE, o that more carbon dioxide can be fixed.

+ TDig aleo uged to make glucoge or whatever other organic gubstances the plant cell requires.

d) Limiting factore in photogynthesis

+ Light intengity

Thig affecte the rate of the light-dependent reaction and-subsequently Calvin cycle.

In low light intengity, lese AT and NADPH ig produced.

Without thig product GP in Calvin cycle cannot be reduced, rate of photogynthegis decreages.

+ Temperature
Photosynthegie process uses many enzymes. that are gengitive to temperature.
Enzymes work glower in low temperatures and may denature in extremely high temperatures.

- CO2 concentration
COZ ig needed for carbon fixation in Calvin cycle.

Reduced concentration of COZ2 affecte rate of photogynthesis

» Availability of water

When plant hag low supply of water, stomata will cloge to reduce water logg by trangpiration.
COZ2 cannot diffuge into the leaf when stomata ig cloged.




d) Greenhouse

Conditiong controlled in greenhouge

+ Use of artificial light : Allows photogynthegis to continue even in the nighttime. Brighter lights aleo
provide higher light intensity, increaging the rate of photogynthegie.

- Use of artificial heating : Higher temperature increages the rate of photogynthegie.

+ Uge of additional COZ : Increaged COZ increages rate of photogynthesic.

*Paraffin lampg are often uged ag the burning of paraffin produces heat, CO2 and light

Chapter 3 : Homeogtagig

Definition : Maintenance of a congtant internal environment around a get point regardless of
changeg in the external environment.

a) Mechanieme of homoeostagia

* Receptor 1o detect change in parameter and gend information to effector.

+ Effector to cauge action by reducing or increaging parameter 1o restore parameter to usual get point.

+ Central control trangfers information from receptorg to effectore. (Hypothalamug)

—> Negative feedback mechaniem ig uged to maintain a congtant-internal environment.
[t i a regulatory mechaniem in which a ‘etimulug’ causes an opposite ‘output’ in order to maintain
an ideal level of whatever ig being requlated.

—> Dogitive feedback mechaniem ig well original etimulug ig intensify and increages the digturbance
even further.

—> Thermoregulation ig the regulation of internal body temperature.
Effecte when temperature drope : Vagoconstriction, shivering, raiging of body hair, decreaged
production of eweat
Effecte when temperature rigeg : Vagodilation, lowered body hair, increased sweat production

Hypothalamug releages a hormone to anterior pituitary gland when a decreage in temperature i¢ detected.
Thig triggere APG to releage thyroid etimulating hormone (TSH). TSH stimulateg the thyroid gland to
releage thyroxine hormone that increages metabolic rate to releage heat.




b) Excretion

—> Urea

+ Breakdown of amino acid produces ammonia and organic acid. (Deamination)

- Ammonia ig toxic and highly soluble.

- They are converted to urea and keto acid in the liver. Urea ig lese soluble and lesg toxic.

- COZ + ammonia --> urea + H20

+ Urea ig releaged from the liver into the blood and filtered out by the kidneyg to produce urine.
—> Kidneys

Renal capeule
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Renal pelvig
Ureter

+ Blood enters the kidney through the renal artery and subsequently passes through the capillarieg in the
cortex of the kidneys.

» Blood flows through the glomerulug from afferent arteriole to the narrow efferent arteriole. High
presaure pucheg small molecules (glucose, urea, water and sodium) into the Bowman’e capaule from
the blood. (Ultrafiltration)

+ At the proximal convoluted tubule, selective reabsorption takes place. Amino acids, glucose, vitaming
are reabgorbed back through the tubules in the medulla. Sodium iong and glucose are cotrangported
back into the blood through a sodium-potassium pump.

-+ Filtrate then pagges through loop of Henle, which consist of descending limb and agcending limb.

+ At the descending limb, water diffuges out of the filtrate. Thig regulte in a concentrated filtrate.

+ At the ageending limb, Na+ and Cl- iong are actively pumped out. Thig gection of the limb ig
impermeable to water <o filtrate gete more dilute.

+ The subgtances to be excreted page along the tubules and ureter and finally reach the bladder where
they are digposed of ag urine.

+ The filtered blood pagges out of the kidneyg through the renal vein. 7




¢) Water reabgorption
Water potential of blood ie monitored by hypothalamug controlled by hormones ADH.
* When blood i highly concentrated, impulses are sent to the pituitary gland to releage more ADH.
- ADH makeg the walls of the collecting ducte more permeable to water, 8o more water ig reabsorbed
back into the blood.

d) Blood glucoge regulation

+ o celle of the pancreag produce glucagon and B celle of the pancreag produce ingulin.

- —> High glucoge

+ Increage in blood glucoge concentration ig detected by B celle. B cells releage ingulin to target cells
hepatocytes in the liver. [ngulin bindg to receptors on the target cells causing adenyl eylage to convert
ATDO into cAMP.

» ¢AMD acte ag a secondary mesgenger and activates enzyme controlled reactiong gtimulating the
opening of glucose channelg, cauging more glucoge to enter the cell

-+ —> Low glucoge

» Low blood glucoge concentration ig detected by a cells.

+ o cells releage glucagon to stimulate hepatocytes to convert glycogen into glucose.

+ Glucoge difuges out of hepatoeytes into the blood:

e) Second meggenger model of adrenaline

- Secretion of adrenaline increages heart rate, blood flow and metabolic rate.
+ Adrenaline releaged by the adrenal glandg bind to the receptors on the cell-surface membrane of the
target cell
+ Thig activates adenyl eyclage and- triggers the convergion of AT to cAMP which acts ag a
gecondary meggenger.
+ ¢AMP activate the enzyme protein kinage a, triggering the breakdown of glycogen into glucoge for
enerqy.
f) Homeostagig in plante
- Dlante regpond to changes in environmental conditiong by opening and cloging of its etomata

= During high light intensity and low concentration of COZ gtomata openg.

+ During low humidity, high temperatures and high concentrations of COZ, stomata closes.

- Opening of stomata ig due to expangion of guard celle.

- Water diffuses into the quard celle due to high concentration of K+ inside the cell, causing it o expand.
Stomata opens when guard cell ig turgid and cloges when guard cell is flaccid.

+ Abgcigic acid (ABA) is a stregs hormone secreted in the roote of a plant ag a regponse to strege or
decreage in water potential.

- ABA triggere stomata to close to reduce trangpiration and prevent water losg. 3




Chapter 4 : Control and coordination

a) Neuroneg

Motor neurone : CNS — effectore (action)

Sengory neurone : Receptor — CNS (feel)

[ntermediate neurone : Sengory — motor (link)
*axon carrieg impulee away from cell body

*dendron towardg the body
Cell

Sengory

Ranvier

Dendron

Features Motor Sensory

Position of cell body Inside spinal cord Outside spinal cord

Axon length long short

Dendron length short long

Direction of impulse CNS to effector Receptor to CNS

Role Stimulate muscle contraction Transmit info to CNS

Mylelin gheath ie made out of Schwann celle that eurround the axong and dendrone.
They are impermeable to Na+ and K+ which allows for faster conduction of nerve impulges.
b) Reflex arc
Impulses carried through thig pathway does not go through the conscious regiong of the brain.
+ Strong impulse at the receptor is converted to stimulug
+ The stimulug ig trangmitted along gengory neuron, passing through dorgal root of gpinal nerve and into
gpinal cord.
+ Impulee ie then pagsed through the intermediate neuron to motor neuron.
+ At the motor neuron, impulse ig tranemitted along axon to effector (muscle) and a regponge ie
generated.
+ (impuleeg can travel to the brain, but regponges occur before it reaches)
Reactiong from the impulses carry through thege reflex are are instantaneous, thig ie important in life or
death gituationg.




¢) Trangmiggion of nerve impulges

Regting potential - oceurs when there is no etimulation

+ Nat+/K+ pump actively pumps out 3 Na+ out of axon and 2 K+ into axon.

- Cell-eurface membrane ig of the axon and aleo hag a lot of ion channelg ; more K+ than Na+

+ This cauges the electrical potential outeide the axon to be more positive than the ingide, creating a potential
difference. (-70mV ; polarized)

Action potential - oceurg when there ig simulation

Depolarization

+ When there ig a stimulation above threshold potential (-55mV) , it triggers the voltage gated Na+ channels
to open.

+ Na diffuges into the axon, depolariging the axon (legs negative) and raiging ite potential difference to
+30mV.

When the potential difference reaches +30m\) voltage gated Na+ channels will cloge.

Repolarization

+ Voltage gated K+ channele will open, cauging K+ to exit the axon, polarizing the axon (make more
negative)

Hyperpolarization

+ K+ will continue to exit the axon until potential difference reaches -80mV.

+ At thig point voltage gated K+ channels will cloge.

* Na+/K+ pump will restore potential difference to that of resting potential.

Receptorg are energy converters.

They convert energyin gtimulug to electrical energy in action potential

A gtronger etimulug will produce a higher frequency of impulges.

Action potentiale don’t change in size and speed.

Intengity of stimulug affecte frequency of action potentiale and the number of neurong trangmitting action

potential.
d) Trangmisgion of action potential

+ Depolarigation of the firet action potential will gpread to the neighbouring regiong of the membrane,
depolariging it and initiating a second action potential.

+ New action potential will only be generated head of it becauge the vigion behind it will gtill be
recovering from action potential and be in refractory period.




e) Mechaniem of eynaptic trangmiggion

* When action potential reaches presynaptic membrane, voltage gated Ca2+ channels will open and
Ca2+ will enter the synaptic knob.

+ Thig will induce vesicles containing acetyleholine (Ach) to move towards the membrane. With vegicleg
will then fuge with the preeynaptic membrane and releage Ach into the eynaptic cleft.

+ Ach WIll diffuse acroge the cleft and bind to the receptor protein channelg on the posteynaptic cleft.

+ Thig binding will cauge protein channels to change shape and allow entry of Na+ into posteynaptic
heuron.

+ Post eynaptic membrane becomes the depolarised and action potential ig generated.

+ Ach left in the synaptic cleft will be broken down by acetyleholinesterage into acetate and choline.

®

f) Mugcle contraction

+ Striated muscles contain many mitochondria and are aligned with many myofibrils.
+ Structureg of striated mugcle cells-include sarcolemma, sarcoplagm, sarcoplagmic reticulum and +
tubule.
+ Myofibrile are elongated contractile threads made out of actin and myogin.
» Mugcle contraction ig due to the interaction between actin and myosin.
o Myogin head ie an ATPage molecule (that hydrolyses ATP).
o Myosin head ig initially bounded to actin.
o [When ATP bindg to myogin, actin is unbounded
o When ATD hydrolysed, myosin tilte to another pogition and ADD + Di releaged.
o Myosin head attaches back to actin and tilt back to original position. (power stroke)
o Process ig repeated when another AT molecule attaches.

+ Troponin and tropomyogin are protein molecules aggociated with actin.
o When mugcle is not contracting, tropomyogin binds to actin.
o Troponin containg active gite of Ca2+.
o When mugcle ie contracting caleium bindg to troponin and changeg ite shape.
o Thig induceg a change in shape of tropomyosin, revealing the binding sites on actin.




g) Mengtrual eycle

+ Control centreg are hypothalamug and anterior pituitary gland.
» Hormonal eventg are cycling in females.
o At the beginning of the cycle, hypothalamug releages GNRH to the anterior pituitary gland.
o Dituitary gland then gecrete FSH into the blood.
o FSH target the ovary to stimulate the development of primary follicle where the follicle gecretes
increaging amountg of estrogen ag it grows. (estrogen helpg thicken the endometrium.)
o Ag the follicle continues to gecrete high levels of estrogen, thig triggers LH and FSH to be
releaged in a aurge.

o LH target the ovarieg to cauge ovulation. (releage of secondary oocyte)

o Thig etimulates the remaing of the ovarian follicle to develop into corpus luteum which gecreteg
progesterone.
o Ag the ovarian follicle ig no longer pregent, the production of estrogen decreageg:
o Corpus luteum continueg to secrete a estrogen and progesterone
o Progegterone stimulates glandular activity and helps. to maintain uterug thicknese
- f the eqg ig not fertilised
o Corpug luteum needs FSH and LH survive.
o Low progesterone and egtrogen level inhibite FSH and LH.
o Corpug luteum degenerates,and the. supply of estrogen and progesterone ig cut off.
o Lining of uterug breake down cauging mengtrual cycle:
- [f the eqq ig fertiliced
o Corpug luteum receiveg hormone stimulug hC@ from implanted embryo.
o hCG allows corpug luteum to continue survive without LH and FSH.
o Egtrogen and progegterone continue to be ecreted.
o Endometrial lining ie maintained and pregnancy supported.

+ Birth contro - Contraceptive Pills
o Containg oegtrogen and progesterone.
o Mimicg the luteal phage by inhibiting the gecretion of FSH and LH.
o No ovulation takes place.
o [t aleo thickene mucug at cervix to prevent entry of gperm.




h) Chemical communication in plants

* Auxin ie eynthegized in growing tipe of roote and choote and regpongible for apical dominance.
+ [t stimulates the growth at apical budg by cell elongation and inhibite grousth of lateral buds.
+ Allows plant to grow upwards ingtead of going sidewayg to obtain source of qunlight.
» Mechanigm :
o Auxin bindg to receptor on cell surface membrane.
o Thig etimulateg proton pumpg on cell surface membrane to actively pump H+ from cytoplasm
into cell wall
o Proteing known ag expanging in cell wall are activated and they loogen bonds between
celluloge microfibrils.
o Cell wall becomeg more elastic and ag water molecules diffuse into cell, it expandge and
becomeg elongated.
+ Germination
o Qibberellin (B(B) ig synthegized in most parte of plante.
o [t ig pregent in high concentrationg in young leaves and geeds.
o A geed containg an embryo which ie surrounded by the endogperm. The whole geed i
covered by waterproof testa.
o When water ig introduced to-the geed, the embryo eynthegizes GIB in responge.
o The aleurone layer eynthesizes amylage in regponge to GIB.
o Amylage hydrolyseg etarch from the endogperm into maltoge, which ig then converted into
glucose for regpiration.

- GIB gynthesig ie controlled by Le/le gene.
o Le ig the dominant gene that codes for functioning GIB and le i the recessive gene that codeg
for non functioning GIB.
o Functional GIB stimulate stem elongation and non func GIB regults in drawfigm.
o Abgence of GIB
o DELLA protein attacheg to trangcription factor PIF.

o Thig reaults in PIF being unable to bind to promoter region and tangeription of growth geneg
turned off.

o Pregence of GIB

o @B bindg to receptor on enzyme which regulte in the breakdown of DELLA protein.

o PIF ig able to bind to promoter region on DNA and both genes are turned on and expresged.
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i) Electrical communication

» Plante have electrochemical gradient acrosg cell membrane
+ Action potential travele from cell to cell via plasmodesmata
+ Depolarization results from outflow of chloride iong
+ Repolarization resulte from a flow of potasgium iong
+ Example :
o Venug flytrap obtaining nitrogen by digesting small animals.
o They have leaf structures with two lobes that close together rapidly enough to capture an ingect.
o Thege are connected by hinge cellg in the middle.
o Blandg in leaves gecrete nectar and digestive enzymes.
o Mechanigm
» Deflection of trigger hair activates Ca2+ channelg at bage of hair.
> Ca2+ channel open allowing Ca to flow into cell - generating receptor potential
~ 2 trigger hair or [ trigger hair gimulated twice mugt oceur within 35 seconds for receptor
potential to be generated.
» Action potential then gpreads acrosg leaves.
» Further deflection by trapped ingect stimulates exocytosic of vegicles that have digestive
enzymeg.

Chapter 5': [nherited Change

a) Gametogenegic in mammale
+ Haploid cells have one complete get of chromogomeg while diploid celle have 2.
+ Homologoug chromosomes are a pair-of chromogomes in a diploid cell that pair together to form
bivalentg during meiogie (.
» Meiosig i¢ a reduction divigion.

Spermatogenesis
o Diploid cellg in tubules of testes multiply via mitosig to form gpermatogonia.
o Spermatogonia grow and mature to primary spermatocytes.
o Primary spermatocytes undergo meiosig [ o produce gecondary spermatocytes.
o Secondary gpermatocytes undergo meiogig [l to produce spermatid.
o Spermatide undergo maturation process to become spermatozoa.
o Spermatidg differentiate to become gpermatozoa. They form flagellum for motility in presence of

many mitochondria and acrogome, that containg hydrolytic enzymes.
o Spermatogonia —> primary gpermatocytes —> secondary spermatocyte —> spermatic —> gpermatozoa

4




- Oogenegie

o Diploid celle in ovariee multiply via mitogie to form oogonia. (etarte during embryo stage)

o Oogonia grows and matureg into primary oocyte. Primary oocytes then undergo meiogi |
and gtop at prophage [. (Celle are still congidered ag primary oocytes)

o Upon puberty, primary oocyte finally completes meiosis [ and divideg unequally into two
haploid cells.

o The emaller daughter ig known ag polar body and the larger daughter is the secondary
oocyte.

o Meiosig process stops are metaphage |l.

o During ovulation the gecondary oocyte ig releaged into the oviduct.

o [f secondary oocyte ig fertilized, it completes meioig I, but if secondary oocyte ig not
fertilized it will etill be at metaphage 2.

o Oogonia —> primary oocyte —> secondary oocyte/polar body

b) Gametogenegie in plants
- Antherg

o Diploid cell divides by meiogie to form < haploid celle.

o Each nucleug divide by mitogie but without cytokinegis, reaulting in each cell containing 2
haploid nuclei, which are tube nucleug and generative nucleus.

o Thege celle mature into pollen graing which are male gametes.

o Extine : regigtant outer wall ; Intine : thinner inner wall

» Ouuleg

o Each ovule containg a diploid mother cell.

o Cell divide by meiosis and produces four haploid celle. 3 of the haploid celle will degenerate
and only one will survive.

o Surviving haploid cell develops into an embryo sac and grows larger.

o Embryo gac haploid nucleug divides by mitogie 3 timeg, forming 8 haploid nuclei.

o One becomeg female gamete.

o Two become pollen nuclei (n) which eventually fuge to form single polar nucleus (2n).
o Two become gynergids that gecrete chemical gignals to guide pollen tube during fertilization.
o Three become antipodal cells that provide nutriente to embryo gac.




d) Meiogi

* Meiogie ie gplit into two parte, meiosie | and meiogig Il.

* Meiogie [ ig a reduction divigion that regulte in 2 haploid daughter nuclei.
* Meiogie [l ig like mitosis where 4 haploid daughter nuclei is formed.

- [n meiogig |

© Prophage |
> Centrosomeg divide and move to opposite poleg of nucleus and synthegize pindle fibreg.
» Homologoug chromogomes pair up (eynapsig), erose over (point of crogging over -
chiagmata) and form bivalente.
> Nucleus dicappears and nuclear envelope breaks down.
o Metaphage |
> Bivalente line up at equator of the cell.
> Spindle fibreg attach to centromere of chromogomes
o Anaphage |
> Whole chromogomeg move to oppogite poles of cell, pulled by shortening gpindle fibres.
o Telophage |
> Nuclear envelope and nucleolug reforme:

- [n meiogig I

o Nuclear envelope breake down and nueleolug digappears in prophage [[. During metaphage
chromogomeg line up separately at equator of the cell. Centromereg divide and chromogome are
pulled apart during anaphase [I. Lagtly < haploid daughter cells are formed in telophage |l.

+ Variation oceurg during meiogie when chromatidg of two homologous chromogomes crosg over and

due to independent agsortment.

» Chromogomeg exchange geneg with each other at loci when they crosg over.

* Independent asgortment ig the random alignment of bivalente on the equator during metaphage (.

¢) Definition

+ Bene: length of DNA that codes for a particular protein/polypeptide

+ Locus: pogition at which a particular gene ig found on a particular chromogome

+ Allele: particular variety of a gene

» Dominant: the allele whoge effect on the phenotype of a heterozygote ig identical to ite effect on a
homozygote

+ Recegsive: the allele that ie only expressed when no dominant allele ig pregent

+ Codominant: alleles that both have an effect on the phenotype of a heterozygous organiem




- Linkage: the presence of 2 geneg on the same chromogome o that they tend to be inherited together
and do not aseort independently

+ Fl: generation of offepring produced from homozygous dominant x homozygous recesgive genotype
+ F2: generation of offspring produced from crose between 2 Fl organigmg
+ Dhenotype: organieme’ characterigtics; regulting from an interaction between ite genotype and the

environment

+ Benotype: alleles pogsessed by an organism

- Homozygous: having 2 identical alleles of a gene
- Heterozygoug: having 2 different alleles of a gene

d) Genetic mutation

+ Bene mutation: change in the gtructure of a DNA molecule, producing a different allele of a gene.

» Chromogome mutation: changeg in the structure or number of whole chromogomes in a cell

Mutation could be due to environmental factors or completely random.

+ Types: bage substitution, bage addition, bage deletion

+ Digeage

+ Sickle-cell anaemia

o Bage substitution in the gene that codes for the amino acid sequence in the B-globin.

o Glutamic acid is replaced with valine; HbA allele becomes HbS allele

o Haemoglobin molecule becomes lesg soluble, causing moleculeg to stick together and form long
fibreg ingide red blood celle. RBC are pulled out of shape and become stuck in emall capillaries
and g0 cannot trangport oxygen, blocking normal RBC from getting through.

+ Albinigm

o [t ig an autogomal recegsive mutation

o Mutation in the gene for tyroginage.

o Tyroginage ig the enzyme that converte tyrogine into DOPA and eubsequently melanin.

o Mutation in the gene for tyroginage, reqults in abgence of tyroginage or presence of inactive
time tyroginage.

o Thig regults in melanin partially or totally migsing from the ckin, hair and eyes.

+ Haemophilia

o [t ig a recesgive gex linked mutation. (Only on the X chromogome)

o A mutation in the gene coding for factor VIl causes blood be unable to properly clot.




» Huntington’e digease
o Dominant mutation in the gene coding for huntingtin.
o [n a normal human, there ig a emall number of repeats of the triplet of bages CAG
o [n a Huntington’s patient, a ‘stutter’ i present. They have a larger number of CAG repeate.
o Thig mutation causes a neurological digorder Where the patient hag progresgive mental
deterioration
o The more CAG stutters, the earlier the age of onget.

e) Gene control in prokaryotes

+ In both prokaryoteg and eukaryotes, trangeription of a gene is controlled by trangeription factors.

+ Trangeription factorg are proteing that bind to a specific ONA sequence and control the formation of
mRNA.

+ Structural geneg code for proteing required by a cell.

+ Requlatory genes code for proteing that requlate the expregsion of other genes.

+ The gynthesig of represaible enzymeg can be prevented by binding a repregsor protein to the operator
(a gpecific gite) on the bacterium's DNA.

+ The synthegie of inducible enzymes oceur when itg ubstrate i present.

* Prokaryotic lac operon

+ Operon ig a length of DNA making up-a unit of gene expresgion in a bacterium.

+ The lac operon congiste of alength of DNA with operator and promoter regiong and a clugter of 3
gtructural geneg:

Operator RNA

o lacZ - coding for B-galactosidage e e I
o lacY - eoding for permeage l .

. ctive (:b
O laCA - COdlﬂg {Or ’rl"ahgacefy[age faé repressor ‘

Z&¢ operon mRNA

+ Cloge to the promoter ia the regulatory gene for the lac operon. e @+ @ @ wetose

Lac repressor Allolactose

- Lactoge abgent

o Regulatory gene codes for represeor protein. Repressor binds to operator region, close to lacZ.
RNA polymerage can't bind to ONA at promoter region. go trangeription of the 3 etructural
geneg doesn’t oceur.

+ Lactoge pregent:

o Lactoge ig taken up by the bacterium. Lactose binds to represeor protein, distorte it's shape and
prevents it from binding to the operator region on the ONA. The trangeription no longer inhibited
and mRNA ig produced from 3 structural geneg.

o Thie makes sure that the bacterium can produce B-galactosidage, permeage and trangacetylage




f) Gene control and eukaryotes

+ The role of a trangeription factor ig to make sure that geneg are correctly expressed in the correct cell
at the correct time into the correct extent.

+ GIB controls geed germination in plants by stimulating the synthegis of amylage.

+ DELLA protein inhibite the binding of trangeription factor to gene promoter PIF.

+ GIB cauges the breakdown of DELLA and allows PIF to bind to ite target promoter.

Chapter 6 : Selection and evolution

* Benetic variation ig the variation that exicte within a gpecies. [t can be continuoug or discontinuous.
+ Expreggion of featureg ig influenced by the environment.
+ Discontinuou variation :
o Different alleles at a single gene locug have different effecte on the phenotype. For example : hair
colour, blood group
+ Continuoug variation
o Different alleleg at a gingle gene locus have game effectg on the phenotype. Where large number of
geneg have a combined effect on a particular phenotypic trait. For example.: height, shoe size

a) Natural gelection
-+ Variation meang some individualg in a population will have features which give them an advantage in
when gelection preseure arigeg. Selection preseures control the chances of gome alleles being
pasced on to the next generation.
+ The effects of euch selection pregaures on-the frequency of alleleg in a population is called natural
gelection.
+ Ag the frequency of advantageous alleles increage, the frequency of disadvantageous alleleg
decreage.
+ Types of gelection
o Stabilising selection: organiemg are already well adapted to their environment, go there ig no
disruption.
o Directional selection: an extreme phenotype is favoured over other phenotypes and this cauges
the allele frequency to shift over time in favour of the extreme phenotype .
o Digruptive gelection: favours both extreme traite in a population




b) Genetic drift

- Founder effect

o A emall number of individuale are separated from a large population
o They comprige of a emall sample from the original population and may experience different
evolution process than parent population

¢) Hardy Weinberg Principle

+ Calculates the proportion of the population with a given combination of genotype.

* Equatione p : frequency of dominant allele

op+q= | q : frequency of recesgive allele

o2+ 2pq+¢? =| p” : chance of offepring inheriting dominant allele from
both parente
q” : chance of offspring inherited a recesgive allele from
both parente
© No genetic drift pq : chance of offepring inheriting a dominant allele from
o No natural gelection one parent and a recesaive allele from another

» Can only be uged if
o Population ie large

o No mutation hag occurred
+ The importance of thig principle ig 1o predict the ratios of different genotypes and compare the
predicted ratiog to the population of the next generation .

d) Artificial gelection

+ Thig ig the procese where humang apply gelection pregsure on purpose to improve the featureg in
livestock and erops plants.
+ Anincreage of desired charactericticg can be achieved by gelective breeding.
o [ndividualg with one or more of the degired characterigtics are croseed with each other and
come advantageoug alleleg are pagged on to offepringe.
o Over many generationg, degired characterigticg allele will increage in frequency and undegired
characterigtice allele will decreage in frequency.
» However sometimeg inbreeding depresgion might occur.
o Thig ig an increage in the proportion of weaker or gpring due to many generationg of
inbreeding.
o They are lese likely to adapt to the change of environment due to their increage homozygosity
reaulting in lesg a hybrid vigor.




e) Speciation

+ A gpecieg i¢ a group of organieme with similar phygiological biochemical and behavioural features.
+ They can interbreed to produce fertile offepring.
+ [f two groups of organieme can interbreed and produce another group of organieme but thig offepring
group cannot interbreed successfully, the two groups must be reproductively igolated.
» Reproductive igolation ig to prevent memberg from different specieg from producing offepring.
o Prezygotic igolation is when individuale do not recognice each other ag potential mateg, therefore
do not regpond to meeting behavior
o Pogtzygotic igolation i the failure of cell divigion in th zygote, producing a non-viable offgpring.
+ Types of gpeciation
o Allopatric speciation ig the production of new gpecies cauge by geographical igolation
o A barrier arigeg between two populationg of the game gpecies and interbreeding between the tuo
populationg ig prevented.
o Each gpecies in new locations experience different gelection pregsures, requlting in different alleleg
being gelected.
o Overtime the original group cannot breathe with a-group in the new location, thus a new gpecies
in born.
o Sympatric speciation ig the production of anew gpecies evolved from a single ancestral gpecies
what inhabiting the same geographic region.
o Thig occurg through polyploidy.
> A polyploid ie an organiem that hag more than two complete ete of chromogomes.
> Autopolyploidy containg more than two sete of chromosomesg from the same gpecies.
(Infertile offepring)
> Allopolyploidy ie formed when the polyploid containg two gete of chromogomeg from one
gpecies or two sete of chromogomeg from another clogely related species. (Fertile offepring)

Chapter 7 : Biodiversity

The three domaing eystem congist of eukarya, bacteria and archaea.

Archaea and bacteria are almogt similar to prokaryote types when they have no nucleus and no
membrane-bound organelles.

Archaea hag DNA trangeription properties and circular ONA qupported by histones.




a) Three domain eystem

» Domain bacteria
o Hag no nucleug, may contain plagmids, hag no membrane bound organelles.
o Divideg by binary fusion, not mitogie.
o Exiat ag gingle cellle
o Hag circular ONA without higtone proteing, 7Og ribogomes and peptidoglycan cell wall.
» Domain archaea
o Hag no nucleug, may contain plagmidg, hag no membrane bound organelles.
o Divides by binary fugion, not mitogis.
o Exist ag single cellle
o Hag circular DNA with higtone proteing, 7Os ribogomes and cell wall not made by peptidoglycan.
» Domain eukarya
o Hag nucleug and membrane-bound organelleg
o Divide by mitogig, reproduces agexually and gexually,
o Hag linear ONA and 8Os ribogomes.
> Kingdom Protoctigta
- Eukaryotic, mogtly eingle celled or multicellular.
- Eg: Animal like celle - Protozoa, Plant like cells - Algae
> Kingdom Fungi
+ Eukaryotic, hag no chlorophyll ig heterotrophic.
* Reproduces by gpores and can be unicellular or multicellular
- Hag cell wall made of out-of chitin.
> Kingdom Plantae
- Eukaryotic, is a multicellular organiem, hag gpecialized cells.
- Some celle have chloroplagt, have large permanent vacuoleg and celllloge cell wall.
> Kingdom Animalia
- Eukaryotic, is a multicellular organiem, hag gpecialized celle
- Do not have chloroplagt, no cell walle, hag emall vacuoleg

+ Vlirugeg are not part of the domain eystem

o They do not contain cellular featureg and may not be congidered a living organigm.
o They are made out of protein particles, containg ONA or RNA.
o They uge host ag biochemical machinery to duplicate the nucleic acid.




b) Biodivergity
+ Habitat : A place that an organiem liveg in
» Population : Group of organisme of the same gpecies living in the same place at the same time.
+ Community : All population of all epecies living in a particular habitat.
- Ecogystem : Self contained, with interactiong between organieme and between organigme and their
environment.
+ Niche : The functional role of an organiem in the ecosystem.
+ Biodiversity i¢ defined by the total number of specieg living in the ecogystem.
» There are three levele of diversity
o Genetic variation : total number of different alleleg of all genes.
o Ecogystem variation : ome areag may have higher biodiversity than otherg.
o Specieg diversity : epecieg richnese which ig the number of different species pregent and gpecieg
evennegs which refers to the clogenegs in numberg of each gpecieg in an environment.
* Importance of maintaining biodivergity
o Ecological purpoge
o Economical purpoge
o Ethical purpose
o Benetic variation

¢) Congervation

+ Specieg are congidered endangered when their numbers have become critically low and are unlikely to
be maintained by normal rateg of reproduction.

- Reagons why epecieg have become endangered : Losg of habitat, spread of diceage, climate change,
lack of food source, poaching/hunting, agriculture.

* Methods of protecting ie gpecieg

+ Zoos : Can be uged to bring awarenesg to the public and help raige funds for captive breeding
programg.

+ Captive breeding : Advantages of captive breeding are that gperme and oocytes can be obtained and
gtored in frozen form, artificial ingemination and [VF can be done and health of animale can be
monitored.

+ Botanic gardeng :{deal growing conditiong can be created, endangered species of plante can be
propagated and endangered gpecies of plante can be re-introduced into their natural habitats.

+ Seed banke : Seeds can be gtored ag they are emall, low maintenance and long living if kept carefully
in controlled conditions.

+ Congervation area : An area of land that hag been awarded protected statug where natural features,
cultural heritage or biodata are afequarded. Exampleg are nature reserveg. 723




d) Controlling alien species

An alien gpecies is clasgified ag an invagive gpecies in an ecosystem and where they were previously
unknoun.

+ Alien gpecies may reduce the other populations of other gpecies, alter the food chain, epread digeage
and increage competition for habitat and food.

+ Ways to control alien gpecies : Culling, hunting or trapping, Contraceptive meagureg, Biological control
and Digeage agent

e) Acgessing specieg biodiversity

- Sampling methodg
+ Frame quadrants
o Thig method ig a random gampling method where organieme must be gtationary, quadrant mugt
be chogen randomly and sample must repregent the whole population.
o To invegtigate an area, the area ig divided into a grid of equal sizeg and organisme under
investigation are counted in each quadrant.
o Specieg frequency = Number of quadrant containing species - xIO0%
Total number of cadets
o Specieg dengity = Total number of gpecific spaces in all quadrant
Number of quadrante x Area of quadrant
o Percentage cover = Area tontaining species in aquadrant ~ xI00%
Area per quadrant

- Line trangect
o Meagureg the distribution of a gpecieg in a straight line acrosg a habitat
o Detect the pregence or abgence of a gpecies within the line.
Mark-Releage-Recapture
o Used 1o ectimate the population size of mobile gpecies within a habitat.
o Animale are trapped and marked, then releaged back into the habitat, after a period of time,
animalg are recaptured.
o Population size = Total no of organisme marked initially x Total no of organiemg recaptured
Number of marked recaptured organiem

+ Simpgon’s index of divergity
- Meagure of diversity often uged to quantify the biodiversity of a habitat.
+ Formula : n - num of individuals of a particular epecieg, N : total num of organigme of all specieg

1 ( X n(n—1))
N(N—1) 24




Peargong linear correlation

+ Evaluates the linear relationship between two continous variableg where the data ig normally
distributed.

+ The geatter plot ig used to determine if there ig a linear relationship

» +|: positive correlation, -{ : negative correlation, O = no correlation

rs
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lere:
N
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number of pairs of scores

sum of the products of paired scores
sum of x scores

sum of y scores

sum of squared x scores

sum of squaredy scores
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Spearman's rank correlation
Evaluates the non-linear relationship between two ranked variables.
Data mugt not be normally digtributed.

Formula : 62 D?

r,=1-

n(n2 —1)

Chapter 9 : Genetic Technology

a) Genetic engineering

+ Human inulin production

+ Insulin gene is identified ( B cells have a lot of mRNA complementary to human insulin gene)

- Extract mRNA from B cell using reverse transeriptage to generate complementary DNA
(cONA)

+ Single-gtranded cONA ig then converted into a double-stranded cONA uging DNA polymerase
* Double-stranded eDNA is cloned to make multiple copies of cONA molecules uging PCR

- Regtriction enzymes are used to produce sticky ends, which are non-coding ONA added to the
ends of the cONA.

+ Thig allows the molecules to join up with one another.

» Dlagmid are also cut with restriction enzymes

+ The cut plasmid and cloned ecDNA are then mixed together and their sticky endg with
complementary bage pairg wil pair.

- Recombinant DNA ig created




+ The plagmid vectors are mixed with a culture the bacteria E. coli.

Caleium iong are added 1o improve the uptake of plagmids and heat shock treatment ie applied.

+ Bacterial celle which take up the recombinant plagmids are gaid to have been transformed.

- To identify the genetically modified bacteria, the bacteria ie grown in a nutrient that containg

antibiotic.

o Surviving bacteriag are the ones that have successfully taken up the plagmid containing the
antibiotic registant gene.

+ To test if plagmids contain the ingerted gene, one of the three methods can be uged

o The second different antibiotic ag marker

o Plagmids contain and be ampicillin and tetracycline registance genes.

o [f the inaulin gene ig ingerted within the tetracycline registance gene, it the disrupts the gene
and regulte in a recombinant plagmid that is not registant to tetracycline.

o Thig can be confirmed by the replica plating.

+ Fluorescent marker

o Marker gene for a protein that fluorescent green under UV light ig ingerted into plagmid
along with the degired gene.

o Cells that are fluorescent green are likely to have taken up the desired gene.

+ Lac Z gene

o [ngertion of ingulin gene into the like lac Z region will digrupt the gene regpongible to code
for enzyme B-galactosidage:

o Without the enzyme, subgtrate X-gal cannot-be broken down to form blue pigment.

o Recombinant plagmid will not be able-to produce B-galactosidage and therefore have a
white appearance.

+ The trangformed bacteria is then cloned to produce genetically identical offeprings.

+ Advantages of uging human ingulin produced by bacteria
o [t ig chemically identical to human ingulin and ig an exact fit in human ineulin receptors.




b) Tools for Gene tech

- PCR
o A method of rapid production of large copies of a fragment of DNA.
o Denaturation (95°C)
o DNA ig denatured
o Annealing (65°C)
o Take polymerage can only begin in the presence of a primer.
o Drimerg are attached to the ends of the gingle-stranded DNA.
o Elongation (72°C)
o Taq polymerase i uged to build new gtrands of DNIA uging expoged strand ag a template.
o [t will add nucleotides after the primer sequence.
o Taq polymerage hag a very high optimum temperature and does not get destroyed during
denaturation step.
- DNA gel electrophoresie
o Thig ig a method of separating DNA and analyging ite molecular structure baged on ite side.
o DNA geparation ig done uging a gel that hag epaces between the molecules to which ONA
can move.

o The gel i immerged in a buffer-golution and electrodes are placed at either end of the gel.

o DNA sampleg are pipetted into-wellg.

o An electric current ie pagsed through the gel and DNA molecules of different fragments will
migrate to the other end of the electrode.

o Smaller fragments will move further away from the well while larger fragments will etay

cloger to the well
o After ONA fragmente have completed the migration, they are stained with ethidium bromide
to the vigible under UV light.
o DNA fragments can then be compared with other ONA sampleg.
o Benetic fingerprinting is used to identify individuals from each other using DNA.
» There i a region of DNA called the variable number tandem repeate (UNTR) which are
gpecific to each person.

> DNA fragments from electrophoresis can be uged to compare with other DMA samples.
The same DNA will have the same UNTR.




+ Drotein gel electrophoregis
o [t ig done uging a gel that hag spaces between the molecules.
o Protein sampleg are protected into wells.
o An electric current ie pasged through the gel.
o The migration of polypeptide i¢ based on the negative charge of the protein molecules and
the gize of a polypeptide strand.
o Gel ig gtained uging commasgie blue stain.
- Microarray
o Micro DNA chip ig uged to identify the presence of geneg and expressed geneg.
o [t ig baged on hybridigation between complimentary strand of gingle-gtranded ONA.
o mRNA extracted from two samples and reverse transeribed to produce it cONA.
o cDNA ig amplified uging PCR.
o cONA ig labelled with fluorescent tage then denatured to produce gingle-stranded DNA.
o Label ¢cONA ig allowed to hybridige with DNA probe on microarray chip.
o Under fluorescent detector, if labeled cONA colour ean be detected, meang cONA hag
hybridice with the probe, if a blue colour ig geen meang eONA did not manage to hybridize.
+ Bioinformatice
o Databage collection for analygie of biological data uging computer software.
o The databage whole sequence of geneg, amino acidg and proteing.
o Thig allows for-comparigon of a newly gequence Gino with non-genomeg and the
comparigon between amino acid sequences.

c) Genetic technology in medicine

- Exampleg of other genetically modified proteing begides inaulin : Factor VIIl, Adenosine delaminage,

antithrombin
+ Advantages of uging bacteria, yeagt and cultures of the mammalian celle produce protein
o Celle have gimple nutritional requiremente
o Large volumeg of producte are produced
o Few ethical problemg ag proteing are not extracted from animal sourceg
+ Dicadvantages of uging bacteria to produce human proteing
o Bacteriag have different methods of protein modifications.
o Benetic screening test camples of DNA from a group of people to identify the pregence or
absence of particular alleles and the rigk of having or pasging on a particular genetic
condition.




+ Types of genetic screening are carrier gereening, prenatal gereening, newborn sereening, OGD
+ [ a carrier gereening ig done, a pedigree analysis can be performed.
+ Drenatal gcreening i to determine the genetic make up of an unborn child.

o Methods of prenatal ecreening are amniocentegie and CUS,

o Aminiocentegig ie done at a later stage in pregnancy and hag legg rigk.

o Testing i done from a gample obtained from the amniotic fluid.

o CUS ie done with the sample obtained from placenta.

+ Pre-implantation genetic diagnosie (OGD)

o [t ig done during (VF at the & cell stage where one cell ig removed from the embryo to be
analyged.

o [t ig used to avoid pregnancy if baby tested positive for genetic diseage.

» Adult genetic sereening
o Sereening for breagt cancer alleleg
d) Gene therapy
- Changing the DNA of an individual in an attempt 1o kill a genetic diseage
- Somatic gene therapy worke by ingerting gene into body cells. Does not affect the gamate cellg
- Germline gene therapy worke by changing the DNA of cells involved in a-gexual reproduction and can
be pasged on to the next generation.
- Cygtic fibrogig ig an autogsomal recessive diseage. [t is-caused by a defect in the trangmembrane
protein.

o A pergon with cygtic fibrogis hag abnormally thick mucug in the lunge cauging difficulty in
breathing and reduced gageous exchange.

o CFTR protein acte ag a chloride channel to trangport chloride iong out of the cell uging active
trangport.

o Ag Cl- accumulates outside the cell, water potential decreages and water moves out of the cell by
osmogig. Due o the faulty CFTR protein, there ig lese water found outside the cell area, making
the mucug thick and sticky.

+ Bene therapy for cystic fibrogie

o Therapy can be done by adding normal CFTR gene to the ONA of ufferers.

o Delivery can be done uging vectors by viral delivery system or lysogomes
+ Viral delivery system uges adenovirug with the virulence removed.

o They are genetically engineered to carry the normal CFTR protein and used to infect lung cells.
+ Lipogomes

» Normal CFTR gene ig ingerted into tiny balle of lipide and sprayed ag an aerogol into regpiratory

pagsages. 720




e) Genetic technology in agriculture

* Benetically modified plante
o Herbicide registant oil ceed rape
> Beneg that allow resigtance to herbicide containing glyphogate and glufoginate are ingerted
into oil seed rape geed celle.

> Hence thig plante do not die when herbicide is sprayed, only weeds will die.

o [ngect registant maize and cotton
> To combat pest on crops, pesticides are applied but thege pesticides can aleo harm other
beneficial ingecte.
> To overcome thig problem ig genes that code for the protein BT toxin have ingerted into maize
and cotton plante.
> Therefore plants will be able to produce thig protein and it will be eonverted into a toxin once
ingide the gute of the ingecte that have eaten the leaves.
o Bolden rice
> Rice hag vitamin A content in the aleurone layer but not in the endogperm. However the
aleurone ig removed during the production of white rice.
> Bene coding for vitamin A are extracted from bacteria and maize.
> Bene ig ingerted into plagmids along with promoter.
o Plagmid ie put into Agrobacterium tumefaciens.
o Rice embryos are infected with the bacteria and they take up bacteria along with the vitamin A
gene.
+ Digadvantages of uging GM plants
o How to obtain BM geed in developing countrieg
o High cogt
o Poggible allergic reactiong in humang
o Crosg pollination with wild plante may create resistant weeds
+ BM Atlantic ealmon
> Can grow all year long and reduced growth duration
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