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9.4.1Flowering

Flowering & Gene Expression

= Thelife cycle of afloweringplantinvolves

= Thevegetative phase
= The partof thelife cycle duringwhich plant growthtakes places
= Aplantinthe vegetative phase consists of roots,stems and leaves
= Aplantinthis phase canoftenreproduce asexually

= Thereproductive phase
= The partofthelife cycle when flowers are produced by the shoot apicalmeristems
= Aplantinthereproductive phase canreproduce sexually

A flowering plant alternates between vegetative and reproductive phases
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= Sexualreproductioninvolves two parents and the fusionof two gametes

= |norderforaplantto move fromthe vegetative phase to the reproductive stage, meristems inthe
shootneeds to be stimulated to produce aflowerratherthan aleaf

= This stimulation canbe brought about by changes incertain abiotic factors such
as temperature ornightlength whichalter gene expressionin the shoot apical meristem

Flowering & Photoperiods

= |thasbeenshownthatthe controllingfactorinfloweringis the lengthof the night
= |twas previouslythought that daylengthwas the controllingfactor
= Whenthe nightreaches acertaincriticallength, genes that control floweringin the plant may be
switched onor off,leading to the activationorinhibitionof flowering
= Genesthatare switched onare expressed,leadingto productionof the polypeptides for
whichtheycode,while genes that are switched off are not expressed, so the polypeptides
forwhichtheycode are not produced
= Thiscriticallengthis important as it determines the quantities of different forms of a pigment
called phytochrome inthe leaf

Phytochrome

= The phytochrome pigment existsintwo forms
= Pristheinactive formof phytochrome,itabsorbslight fromthered part of the spectrum

(wavelength 660 nm)
= Prristheactive formofphytochrome,itabsorbslight fromthe farred partof the spectrum
(wavelength730 nm)

Two forms of phytochrome absorb light from different parts of the spectrum. Note that absorptanceis
theratio of the total amount of light absorbed to the total amount falling on an object
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= Absorptionofdifferentwavelengths of light causes areversible conversionbetweenthe Pg
and Pgg forms of phytochrome
= WhenPgrabsorbsredlight (660 nm)itis convertedinto Pgr
= WhenPgr absorbs farredlight (730 nm)itis converted backinto Py
= |Inthe absence of red light the unstable Pggr gradually converts backinto Pr
= Duringthe day levels of Pgrrise
= Sunlight contains more wavelengths at 660 nmthan730 so the conversionfromPrto Peg
occurs more rapidlyinthe daytime than the conversionfromPgrto Pgr
= During the night levels of Prrise

= Redlight wavelengths are not available inthe darkness and Ppgrconverts slowlyback to Pg

PR is converted to PFR in a reversible reaction which controls flowering

Longdayplants

= |longdayplants flowerwhenthe nights are shorter thanthe criticallength e.ginsummer
= Whennights are short, the day lengthis longer,hence the term'long day plants’

= Inlongday plants, highlevels of the active formof phytochrome activate flowering

= Floweringoccurs due to the followingprocess

» Daysarelongso Prisconvertedto Prrat a greater rate than Prris converted to Py
= The active formof phytochrome, PgR,is present at highlevels
= Highlevels of Prractivate flowering
= Prrbindstoreceptorsinthe cytoplasmofthe leaf cells,activatingexpressionof the
flowering time (FT)gene
= The active geneis transcribed and translated inthe shoot apex
= Theresultingproteinbinds to atranscriptionfactorwhichleads to the expressionof
multiple genes associated withfloweringand converts the meristem fromvegetative
toreproductive
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Shortdayplants

= Shortdayplants flowerwhenthe nights are longer thanthe criticallengthe.g. autumn

= Whennights are long, the day lengthis shorter,hence the term'short dayplants'
= |nshort day plants, highlevels of the active formof phytochrome inhibit flowering

= Note thatthisis the opposite effect to that of highlevels of Prrinlongdayplants
= Floweringoccurs due to the followingprocess

= Prrinhibits floweringinshortdayplants whenitis present at highenoughlevels

= Prrbindstoreceptorsinthe cytoplasmof the leaf cells and inhibits transcriptionand
translationof the flowering time (FT)gene

= Longnights lead to lowlevels of PEgdue to the slow conversion of Pgbackinto Perinthe
absence ofred light

= WhenPgrlevels are low, there is no inhibition of flowering as the FT gene can be transcribed
and translated

= Theresultingproteinbinds to atranscriptionfactorwhichleads to the expressionof
multiple genes associated with floweringand converts the meristem from vegetative to
reproductive

Long day plants flower when PFR levels are high and short day plants flower when PFR levels are low.

O Exam Tip

Plants canbe confusing as plant substances don't always have aconsistent effect onplant
growth!Here youneed to rememberthat ahighlevel of Pgr activates floweringinlong day
plants, and inhibits floweringinshort day plants.
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Inducing Flowering Out of Season

= Normalflowering times in plants require the critical dark period to be uninterrupted
= Sometimesitmightbe necessaryto induce flowering at times when plants would normally be in
theirvegetative state
= Forexample,growers of flowers whichare sold as cut flowers canprovide flowers out of
seasonthrough manipulation of nightlength

= Floweringinshort day plants canbe induced duringthe longerdayseason,suchas duringthe
summer, byproviding alongerdarkperiod e.g.bycovering plants up

= Floweringinlongday plants canbe induced during the wintermonths when days are short, by
providing periods of light during the night time

Long-day plants can be induced to flowerout of season through providing additional light
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9.4.2 Plant Reproduction

Mutualism BetweenFlowers & Pollinators

= Sexualreproductioninplants requires the transfer of pollenbetweenflowers
= Methods ofpollentransfercaninclude:
= Wind
= Animals
= Water
= Mostflowering plants use mutualistic relationships with animal pollinators in sexual
reproduction
= The pollinatorvisits the flowerto obtainfood,ofteninthe formof nectar, fromthe plant
= Pollinatinganimals canbeinsects, birds,orsmallmammals such as bats
= Pollensticks to the bodyofthe animalandis subsequentlytransferred to the flowers of
the next plant visited by the pollinator
= |tis amutualistic relationship because bothorganisms gainabenefit duringthe process
= Mutualismis atype of symbiotic relationship
= Mutualismrelies onrepeated interactions,sometimes betweenone species and several
others
= Anexampleis abee that willvisit,feed on the nectarfromand pollinate manyspecies
of flower
= Symbiosisrelies ontwo species remainingin partnership exclusivelyto eachother
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Pollination, Fertilisation & Seed Dispersal

Introduction toFlower Structure

The developmentof flowers occursinthe reproductive stage of the plantlife cycle

Flowers containall the necessaryorgans and tissues required forsexualreproductionby
pollination

= Keystructures of the flowerinclude
= The anther - where the male gamete, pollen,is found

= The stigma - part of the female reproductive organ whichreceives the pollen
= The ovary - where the female gametes are located

Animal pollinated flowers have structures that attract pollinators and aid the process of
pollination

Pollination and Fertilisation

Pollinationis the process of transferring pollenfromthe anther of one flowerto the stigmaof
another

= Self pollinationcanoccurinsome species whenpollenis transferred betweendifferent
flowers onthe same plant,oreven from antherto stigma within the same flower
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= Afterpollinationhas occurred,apollentube grows fromthe pollengraindown the style to the
ovary of the plant
= The male nucleitravel downthe pollentube to the female ovule
= Two male nucleitravel downthe pollen tube to the ovule;one will fuse with an ovule nucleus
to formthe zygote while the otherwillgo onthe formthe plantembryo's food store
= Fertilisationoccurs whenthe haploid male and female nucleifuse and adiploid zygote is
formed
= Afterfertilisation,the ovule becomes aseed and the ovary develops into the fruit

Afterpolfination the haploid male and female nuclei can fusein fertilisation to make a diploid zygote
Seed Dispersal

= Seeddispersalis thenrequiredinorderto distribute the seeds awayfrom the parent plant and
reduce competitionbetweenthe offspringand the parent plant
= Methodsofseeddispersalinclude

= Wind or water
= Parachute orwing shaped lightweight seeds will travel onthe wind orfloat inwater

= Animals
= Fleshyfruitis eatenbyanimals and seeds distributed throughegestion
= Stickyorhooked seeds catchonto the furorfeathers of passinganimals

= Explosions
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= Some pods explode propelling the seeds awayfrom the parent plant

O ExamTip

Be carefulnotto mixup pollinationand seed dispersal;pollinationis the transferof pollenfrom
anther to stigma, while seed dispersalis the distributionof mature seeds.Bothprocesses can
involve wind, water, oranimals.

Protecting Pollinators

NOS: ParadigmShift; morethan 85% of the world’s250,000 species of flowering
plant dependon pollinatorsforreproduction. Thisknowledge hasled toprotecting
entire ecosystemsratherthanindividual species

= Paradigmshifts occurs when frameworks underlying scientific thinking change due to e.g.
= Discoveryof newknowledge
= Developingunderstanding
= Updatingprocesses as aresult of changed knowledge and understanding canallow progression
towards more successfulapproachesinscience
= Ashiftinthe approachto conservationis anexample of this:
= Earlyeffortsinconservationwere primarilyfocused onprotectingindividual species or
populations whichwere underthreat
= However, whilstitis stillessentialto promote the maintenance of animal populations over
time, it has become apparent that the relationships betweenspecies and the ecosystems
inwhichthey live are just as fundamental,if not more so
= Withthisinmind,itisimportant to conserve habitats and the ecologicalprocessesrelied on
by the communities within those habitats
= Theroleof pollinatorsis akeyexample of arelationship betweenspecies and ecosystem
where changes inthe process of pollination could have huge impacts onthe widerecosystem
= Pollinators directly support the survival of plant species withwhichtheyinteract,and also
indirectly impact the other species withinthe associated community
= lossofeitherpollinatororplantspecies could cause anecosystemto break down,
leading to huge biodiversitylosses
= Pollinators playahugeroleinthe productionof crops and therefore are relied uponbythe
farmers growingthose crops foranincome, but also by the consumers of the crops who
require affordable and good qualityfood sources
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9.4 .3 Skills: Drawing Plant Structures

Drawing the Internal Structure of Seeds

= Aseedconsists of several parts whichcanbe showninalabelled diagram
= Testa
= Theseedcoat
= Cotyledonorcotyledons
= Theleaforleaves of the embryo whichsometimes containthe food source forthe
growing embryo
= Some plants have one cotyledonand are knownas monocotyledonous,and some have
two and are dicotyledonous
= Insome plants the food sourceis separate fromthe cotyledons and is called the
endosperm
= Embryo plant
= Consistingofthe embryo root and embryo shoot
= Micropyle
= Ahole throughthe testafound nearthe scar tissue where the seed was attached to the
parent plant

The internal and external structure of a bean seed
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Drawing Animal-Pollinated Flowers

= Animalpollinated flowers have several features incommonwhich should be includedina
labelled diagram
= Nectary
= Nectarsecretingglands to attract pollinators
= Petals
= Brightlycoloured to attractpollinators
= Sepals
= Protecttheunopened flower
= Stamen,whichconsists of
= The anthers whichproduce and release pollen
= The filaments whichhold the anthers in position
= Carpel,whichismadeupof
= The stigmawhichreceives the pollen
= The style whichconnects the stigmato the ovary
= Ovary whichcontains the ovules
= Ovules containthe female sexcells

Animal pollinated flowers have structures that attract pollinators and aid the process of
pollination
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9.4.4 Skills: Investigating Factors Affecting Germination

Experiments Investigating Factors Affecting Germination

= Seedsremaindormant longenoughto allow seed dispersal oruntil conditions are favourable
= Duringdormancythe seedis unable to germinate and the metabolic rate is nearly zero
= Germinationresultsingrowthofthe embryo shoot, orplumule,and embryo root,orradicle
= Threefactors arerequired forsuccessfulgermination
= Waterallows the seed to swellup,causingthe seed coat,ortesta, to burst; this allows the
growing embryo plant to exitthe seed
= Wateralso allows the enzymes inthe embryo to function,increasingmetabolic rate so
that growthcanoccur
= Oxygenisrequired forrespirationso thatenergy canbereleased forgermination
= Warmth; germinationimproves as temperature rises (up to apoint) as the reactions which
take place are controlled by enzymes which cannot function effectivelywhen temperatures
aretoolow
= Notethatas carbondioxideisnotnecessaryforgerminationbutalso does notinhibitit, it
makes no difference whetheritis presentornot

Gibberellin

= Gibberellinis ahormone required to triggermitosis and cellgrowthin the plant embryo
= Productionof gibberellinis stimulated by ametabolic pathway controlled byaseries of
enzymes
= The genesthatcode fortherelevantenzymes need to be expressed before this metabolic
pathwaycanbecome active
= Gibberellincanalso stimulate production of amylase which breaks down stored starchinto
maltose
= Otherenzymes break down the maltose furtherinto soluble forms of sugarwhich canbe
transported around the embryo plant
= Starchisinsoluble so cannotbe transported without first beingbrokendown
= Sugars fromthe brokendownstarchstores are required forrespirationand growthof the
cellsinthe embryo plant

Cropsandgermination

= Germinationrates forgrowers are animportant factorin maximisingcrop yield
= |nagriculture,crops are oftenselected fortheirshort dormancy period to decease
germinationtime
= Growers mustconsider
= Ageoftheseed;old seeds maybe non-viable
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Depthof sowingseedsinthe soil;too deep and the plumule mayrunout of energybefore
reachingthe soil surface and too shallow maylead to the seed beingeaten

Water availability ; both dryand waterlogged conditions could negatively affect germination
Storage conditions; seeds maybe damaged if storedincorrectly

Damage by pests; some pests mayeat ordamage the seed itself while others mayconsume
the growing plumule orradicle

Temperature; manyseeds need to be warmenough before germinationoccurs,buttoo
much heat maycause damage, while some seeds need aperiod of extreme cold before
germinationcanoccur

Investigating the conditionsfor germination

= Withgerminationbeingso crucialforeffective crop farmingit canbe useful to investigate the
factors that might affectits success

= We canuse the following method to investigate the conditions required forsuccessful
germination

Apparatus

Testtubes
Testtube holder
Cress seeds
Cottonwool
Fridge

Method

Setup4testtubes,eachcontaining10 cress seedsoncottonwool
Labelthe testtubes A,B,C,and D

Fortesttube A, leave the cottonwooldry

Fortesttube B,add enoughwaterto the cottonwoolso thatitbecomes moist
Fortesttube C,add enoughwaterto coverthe cottonwooland seeds, thencarefullyadd a
layerof oilontopofthe water

Fortesttube D,add enoughwaterto the cottonwoolso thatitbecomes moist

Leave tubes A,Band C atroomtemperature orincubated at aspecific temperature e.g.20 °C
Place tube Dinafridge at approximately 4 °C
Leave alltubes foraset period of time e.g.3-5days

Ensure the cottonwoolintubes B and D remains moist throughout this time byaddingmore
drops of waterifrequired

Compare the results and see which tube has the greatest number of germinated seeds
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The ideal conditions for germination can be investigated by studying seeds under different conditions
Resultsand Analysis

= Thetesttubesare setupso thateachofthe factorsrequired forgermination(water, oxygen, and
warmth) can be tested by selectively removing eachinturn
= Intesttube Awaterisremoved
= Testtube Bisthe controltube where allfactors are present
= Intesttube C oxygenisremoved as it cannot pass through the oiland waterlayers ontop of
the seeds
= Intesttube Dwarmthis removed
= As germinationcannot occurif the conditions are not righti.e.if evenone of the three factors
required is absent,itwould be expected that only the seeds inthe controltube willgerminate

Conditions Required for Germination: Example Results Table
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