Boost your performance and confidence
F E with these topic-based exam questions
Practice questions created by actual

. examiners and assessment experts
Exam Papers Practice

Detailed mark schemes
Suitable for all boards

Designed to test your ability and
thoroughly prepare you

9.3 Growth in Plants

IB Biology - Revision Notes

www.exampaperspractice.co.uk



E=l

Exam Papers Practice

9.3.1Plant Growth

Plant Growth

= Plantgrowthoccursinregions knownas meristems
= Thecellsintheseregions are known as meristemcells
= Meristemcells are undifferentiated;theyactively divide by mitosis to produce new plant tissue
= Meristems canbe found inthe growing tips of plant roots and shoots
= Ameristematthetipofashootisashootapicalmeristem
= Ameristematthetipofarootisarootapicalmeristem
= Meristemtissue withthe potentialto formnew side branches from the main plant stemcan
be foundinregions known as axillary buds
= Axillarybuds are those that grow in-between the main stemand the branch of aleaf
= The growthof the axillarybuds is inhibited by the plant chemical auxinreleased fromcells
inthe tip of the shoot apical meristem
= This inhibition of axillary bud growth by the shootapexis known as apicaldominance
= Meristems canalso be found parallelto the sides of asteme.g. within the vascular bundles that
containthe xylemvessels and the phloem
= These are known as lateralmeristems and enable plant stems to grow indiameter
= |ateralmeans ‘fromthe side’
= Theregions of meristemtissue inthe vascularbundles are known as cambium

The growing parts of plants are known as meristems, and can be found in the shoot apex (shoot apical
meristem), the root apex (root apical meristem), and the sides of the stem (lateral meristem)
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Lateral meristem tissue is known as cambium. It can be found between the xylem and phloem in stems
androots.

= Plant growthat meristems cancontinue indefinitely and is therefore said to be indeterminate
= Animal growthis different to plant growthinthat animals grow until theyreach theirfulladult
size and thenstop;animal growthis therefore determinate
= Note that while the growth of some individual plant organs, e.g.leaves orflowers,is
determinate, plants cangrow anindeterminate number of these organs fromtheir
meristems
= |tisoftenpossible to grow whole new plants fromjust asingle plant cell
= Suchplantcells are totipotent
= |Insome cases fullydifferentiated plant cells are able to do this
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StemExtension & Leaf Development

= Plantstems grow longerat the tipdue to celldivisioninthe shoot apical meristem
= Smallcellsinthe shootapical meristemdivide by mitosis to produce two identicaldaughter
cells
= Ofthe two daughtercells produced byeachround of division,one remains in the meristem
while the othermoves awayto formnew tissue elsewhere
= The cells thatleave the meristem grow rapidly, differentiating into different celltypes which
themselves give rise to different plant tissues e.g.
= Ground meristemcells give rise to ground tissues
= Ground tissues are anytissues that are not part of the plant's vascularsystemorits outer
protective layers e.g.
= Collenchymatissue cells have thickened cell walls and form supportive tissue
= Parenchymatissue cells carry out essential plant functions such as photosynthesis
and carbohydrate storage
= Protodermcells giverise to epidermal tissue
= Epidermaltissueis alayerof cells that covers the outside of the plant, forming a barrier
betweentheinternal tissues and the external environment
= Procambiumcells give rise to vascular tissue
= Vasculartissue transports water, minerals, and assimilates around the plant
= Thevasculartissue contains the xylemand phloem
= Celldifferentiationis determined by chemicals called hormones in the plant tissues

Mitosis at the shoot apical meristem produces cells which differentiate to form different plant tissues.
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Plant Tropisms

= Plantgrowthcanbe affected byfactorsinthe externalenvironment such as light, gravity, water,
and the presence of objects
= These growthresponses are knownas tropisms
= Tropisms canbe towards astimulus; positive tropisms, oraway fromastimulus; negative
tropisms
= Tropisms enable plants to maximise their chances of survivale.g.

Growingtowards light ensures amaximumrate of photosynthesis

Growing away fromortowards gravityensures that seedlings grow the right way up
Growingtowards waterenables roots to maximise their wateruptake

Growingup and around an object mayallow a plant to gainheight quickly and so
maximise light absorptionfor photosynthesis

= Tropisms are regulated by chemicals produced inplants known as plant hormones
= Examples of tropismsinclude
= Phototropism

Plantresponse to light
Plant stems grow towards light; this is positive phototropism

= Gravitropism

Plantresponse to gravity

Plant stems grow away fromgravity; this is negative gravitropism
Plantroots grow towards gravity;this is positive gravitropism
Gravitropismis also knownas geotropism
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Plants can respond to environmental factors such as light and gravity; these responses are called
tropisms and they can be either positive or negative.
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9.3.2Plant Hormones

Plant Hormones & Shoot Growth

= Plant hormones are responsible formost communicationwithin plants
= Planthormones are notthe same as hormones inanimals but they are chemical messengers
so the name hormoneis oftenused
= Planthormones are sometimesreferred to as plant growthregulators
= Auxins are agroup of planthormones thatinfluence manyaspects of plant growth
= Acommonauxinis knownas IAA (indole-3-acetic acid)
= |Inshoots,auxinis produced incells at the growing tip before moving awayinto the surrounding
tissues
= Auxinhas animportantrole inregulating shoot growth
= Inshoots,auxincauses cells to elongate, leadingto stem growth
= Note thatinroots, auxininhibits cellgrowth;the opposite effect to thatinshootcells
= Note that at very highconcentrations, auxincanalso inhibit shoot growth
= Auxinreleased fromthe shoot apical meristeminhibits the growth of axillary buds
= Thisis known as apicaldominance
= The strengthof the inhibitoryeffect onaxillarybuds depends onthe concentrationof
auxin;concentrations are lower furtherawayfromthe shoot apexso axillarybuds are
more likelyto grow lowerdownthe plant
= Note that cytokinins,anotherplanthormone, promotes the growth of axillarybuds, so
therelative concentrations of auxinand cytokinins is also important
= Cuttingoff the shootapexcauses adecrease inauxinconcentrationand therefore
promotes shoot growth;this is why pruning (cutting back plant stems) canoftenhelp to
grow bushierplants!
= Gibberellins are anothergroup of planthormones involved inregulating stem growth

O ExamTip

You mayhave noticed alreadythat planthormones are complicated!Inanimals hormones have
targettissues and theireffects onthose tissues are consistent.Inplants,however,hormones
canactonmanytissues and theireffects canvarydependingonhormone concentration,
interactions withotherhormones, and the type of tissue involved. From this sectionyouneed to
know about theimpact of auxinonshoot elongationand apicaldominance.

Auxin & Gene Expression

= |tis thoughtthat auxinbrings about plantresponses suchas phototropismbyalteringthe

expressionof genesinside plant cells
= Ageneisexpressedifitis successfullytranscribed and translated into apolypeptide

= Whenlight falls onaplant, light energy is absorbed by photoreceptorproteins knownas
phototropins,causingachangeintheir 3D shape

= The altered shape of the phototropins allows themto bind to receptorsinside the cell,
affectingthe expressionof certaingenes

= |tis thoughtthatthe affected genes could code forglycoproteins called PIN3 proteins

= PIN3 proteins are thought to be involved with the lateral transport of auxinacross stems
exposed to sunlight,oracross stems androots affected by gravity
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Auxin Efflux Pumps

= The PIN3 proteins that are thought to be involved with the lateral transport of auxinin stems and
roots are also known as effluxpumps
= Theterm'efflux'refers to anoutward flow of asubstance;in this case auxinis moved out of
onecelland into another
= These effluxpumps are important in establishing anauxin gradientacross astemorrootin
response to astimulus suchas light orgravity
= E.g.lLightisthought to affect the expressionof genes that code for the PIN3 proteinefflux
pumps;light shiningonone side of astemmore than the othercanthereforelead to an
unevendistributionof efflux pumps, creating an auxin gradient
= Thecellsinastemorrootwithalateral auxin gradient willgrow differently dependingonthe
concentrationof auxinto whichthey are exposed

Responding tolight

= |lightaffects the growthofplantshootsinaresponse knownas phototropism

= The concentrationof auxindetermines the rate of cell elongationwithinthe stem
= Ahigherconcentrationof auxincauses anincrease inthe rate of cellelongation
= |fthe concentrationof auxinis not uniformacross the stemthenunevencellgrowthcan

occur

= Whenlightshinesonastemfromone side,auxinis transported, byPIN3 proteins,fromthe
illuminated side of ashoot to the shaded side

= Anauxingradientis established, withmore auxinonthe shaded side and less onthe illuminated
side

= The higherconcentrationof auxinonthe shaded side of the shoot causes afasterrate of cell
elongation,and the shootbends towards the source of light

Higherconcentrations of auxin on the shaded side of a stem increases the rate of cell elongation so that
the shaded side grows faster than the illuminated side
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Responding togravity

= Rootsrespond to gravityinaresponse known as gravitropism
= Gravitropismis sometimes known as geotropism
= |nroots,auxinconcentrationalso affects cellelongation, but higher concentrations of auxin
resultinalowerrate of cellelongation
= Note thatthisis the opposite effect to thatofauxinonshootcells
= Plantcells use organelles called statoliths to detect the direction of gravity
= Statoliths are starch-filled grains
= Theyaccumulate onthe lowerside of plant cells due to gravity
= PIN3 proteins transport auxintowards the lower side of therootcells
= Theresultinghighconcentrationof auxinat the lower side of the root inhibits cellelongation
= Asaresult,thelowerside grows at aslowerrate thanthe upperside of theroot,causingthe
rootto bend downwards

Auxin inhibits cell elongation in the lower side of roots, causing the cells in the lower side of the root to
elongate at a slowerrate than the upper side
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Genomics & the Role of Plant Hormones

NOS: Developmentsin scientificresearch followimprovementsin analysisand
deduction;improvementsin analyticaltechniquesallowing the detection of trace
amountsof substanceshaveledtoadvancesintheunderstanding of plant hormones
and theireffect on gene expression

= FEarlyresearchonplanthormones was carried out by scientists such as Charles Darwin (yes, the
Charles Darwin)inthe 1800s, and Nikolai Cholodny and Frits Went in the early1900s
= Darwinwas able to demonstrate the importance of anunknown'influence'inthe bending of
coleoptiles (youngplant seedlings) towards light
= Went was able to isolate Darwin's 'influence'and identifyit as auxin
= Cholodny and Went independentlyproposed that anauxingradient was responsible for
plant tropisms

Studies on plant tropisms carried out by Charles Darwin and Frits Went. Darwin demonstrated thatan
‘influence’ was produced in the tips of plant shoots, while Went showed that an auxin gradient was
enough to cause shoot bending

= This earlyresearchontropisms, while essentialin progressing scientific understanding at the
time,was unable to provide detail onthe mechanisms underlyingthese plant responses
beyond the suggestionthat an auxin gradient was involved
= Modernanalyticaltechniques meanthatscientists todaycanfind out about processes taking
place at acellularlevelinways that earlierresearchers could not
= Anexample of thisis the science of genomics, which has enabled scientists to make discoveries
about theinfluence of gene expressiononplant responses
= Genomicsis the study of genes,including theirstructure and function
= Onemethodusedingenomicsis ananalyticaltechnique known as a microarray
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= Aseries of DNAprobes are attached to asurface
= Tissue samples are added to the microarray,and if agene is being expressed inthe cells,
the probes emit fluorescence
= This shows whichgenes are being expressed inparticular tissue types at particular
times
= Microarrayresearchhas shownthat certaingenes are expressed more oftenincells onthe
underside of aplantroot and onthe shaded side of aplant stem
= Auxinhas beenshownto affect the expressionof certaingenes
= Researchof this nature ofteninvolves organisms that are already wellstudied;scientists can
make use of existingknowledge of theirgenetics and cellbiology
= Afamous example of suchaspeciesinplants is Arabidopsis thaliana(thale cress)
= A thalianais knownas amodelorganismdue to its frequent use inscientific research

9.3.3Micropropagation

Micropropagation of Plants

= The nature of plant growth means that plants canbe grownbya process known as
micropropagation
= Micropropagationis aformoftissue culture inwhich plant cells are cultivated onnutrient
growthmedia (singularmedium) such as agargel
= Micropropagationproduces new adult plants from smallsamples of plant tissue inalaboratory
setting
= Micropropagationcanbe carried outinplants because many plant cells candifferentiate into any
othertype of plant cell, meaning that anentire plant canbereproduced fromany totipotent
cells
= Micropropagationinvolves the followingprocess
= Asmallpiece of planttissueis cut;thisis called anexplant
= |deallythe explantis takenfrom meristematic tissue such as the tip of the growing
shoot,as the cells are more likelyto be totipotent
= The explantis sterilised to ensure that anynew plants are free of infection
= The explantis transferred to asterile growthmedium, such as agargel,containing nutrients
and plant hormones
= The explantis allowed to developinto acallus:aball of tissue containing
undifferentiated cells
= The nutrient mediumwilloftencontainacombinationof plant hormones, such as cytokinins
and auxin, to encourage growth of different types of tissue
= Ahighratio (>10:1) of auxin to cytokinins leads to root formation, while aless highratio
(<10:1) leads to shoot formation
= Oncethenewplanthas developedroots and shoots,itis moved to soilwhere growthcan
continue
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Cauliflower can be cultured using a simple micropropagation procedure in the school laboratory
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Use of Micropropagation for Rapid Bulking Up

= Micropropagationis avaluable processinthe productionoflarge numbers of healthy plants
= Explants canbe as small as asingle cell so many new individuals canbe grownfromone
parent plant
= Plants grownfromanexplantinagartake up less space thanthose grownusing traditional
cultivation
= |tis carried outinsterile laboratory conditions meaning that the resulting new plants are
free of bacterial, viral, and fungalinfection
= Micropropagationproduces plants that are clones of the parent plantso itcanbe used to
produce many new individuals fromone parent withdesirable characteristics
= Thisis usefulincommercial growing;once anew desirable varietyhas beenbred or
discovered more identicalcopies canbe grownbymicropropagation
= Plants that are atrisk of extinctioninthe wild canbe cloned and more individuals grown by
micropropagation
= The newindividuals will be disease-free and can be planted inthe wild to improve wild
populationnumbers
= Desirable plants suchas orchids that sufferdue to illegal collectionand trade canbe grown
inthe lab and sold legally rather thanstolenfrom the wild
= Orchids are especiallychallenging to grow from seed and micropropagation has proved
more successful
= Explants canbe preserved by freezing,readyforuseif needed inthe future if aplant species
goesinto decline
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