Photomorphogene




(control of growth & development by light)

u Environmental signals (light, temperature and gravity)
are important signals for plant development

u Light affects many aspects of plant development, for
example:

required for proper leaf development

iInhibits stem elongation in the emerging seedling
promotes flowering (photoperiodism)

promotes (or inhibits) seed germination
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voelves special photoreceptors that
Initiate developmental changes.

Photoreceptors transduce information in the environment
Into appropriate developmental patterns.
Information examples

A position in a layered plant canopy

A seed depth in soil

A presence of competitors

A approach of sunrise

A day length



Flowerindgsanimportanphaseflife cyclebecausthe
transitionfromvegetativegrowthto reproductivgohase
Involvesseveralchangesn the physiologyof a plant
Floweringsa decisivestagelt requirea definiteperiodof
vegetativgrowth Theperiodnayvaryfromplantto plant
examplea fruiting tree requiresseveralyearswhile an
annuaherbflowersn afewmonthsnly. Thephysiological
mechanismesponsibli®r floweringhasbeenfoundto be
controlledby 1) periodicity ot light(Photoperiodisi2)
temperatur@/ernalisation)



Theplantin orderto flowerrequirea certaindaylengththatisthe relative
lengthofdayandnightwhichis calledasphotoperiodneresponsaf plants
showthe photoperiodexpressedn the form of floweringis called as

Thephenomenafphotoperiodismadirstdiscoverebdy GarneandAllard
(1920 whoobservethat Biloxi variety Soybeamand MarylandMammoth
varietyoftobacc@ouldbe madeto floweronlywhenthe daily exposuréo
the light wasreducedbelowa certaincritical durationand after many
complexexperimenteoncludedhat the relativelengthof the day is first
Importance thegrowthanddevelopmemfplants



candefineasoneofthep | amecharasnyghereit can
sensethe alternationsin the day and night length through
the photoreceptaoroteinsand decidesvhento inducefloweringT h at 0 S
why differentplantspeciesleveloglowersondifferentseasonahichis
onlydueto thedifferencen thelengthof photoperiodhephotoreceptors

like canperceiveahe light stimulusand
canproducesignalgo inducefloweringin a plant with respecto the
critical length of photoperiod can defineas the

minimunduratioroflightrequiredoinducdlowering



Depending upon the duration of
photoperiod, they classified plants Into
main three categories:

1Short day plaptiong night p!&SDHP
2.Long.day plant:short'night plamP
3.Day neutral plart®NP
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FLOWERING IN'SHORT DAY PLANTS

Theselantsrequiredare relatively shortdaylight
periodusually8 to 10hoursanda continuoudark
period of about 14 to 16 hoursfor subsequer
flowering
example MarylandMammothvariety of tobacco.
BiloxivarietyofSoybean
1. In shortday plantsthe dark periodis critical and
mustbe continuoud thisdarkperiodisinterrupted
withabriefexposureedlight(660- 665 micrometre
wavelengthiheshortdayplantwill notflower
2. Maximuminhibition of floweringwith red light
occuratthemiddleofcriticaldarkperiod
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3. Thenhibitoryeffectofredlight canbeovercomby a subsequeekposure
withfar-redlight(730- 735micrometrevavelength)

4. Interruptiorof the light periodwith redlight doesotinhibitoryeffecton
floweringn shordayplant

5. Prolongatioafthe continuoudarkperiodinitiatesearlyfloweringn short
dayplants



Theseplantsare requireda longerlight period(
(ritical usually 14 to 16 hours)in 24 hourscycle to
) - Subsequefiowering
Examplesspinaclsugabeet
lInlongdayplantghelight perioccritical
2. A Dbrief exposuran the dark period or the
prolongationfthelight perioastimulatefowering
iInlongdayplants

FLOWERING IN'LONG DAY PLANTS




(ritial
hotoperiod

Thesplantdlowennall photoperiocangingromb
hourgo 24 hoursontinuousxposer
Examplecottontomatosunflower

FLOWERING IN DAY NEUTRAL PLANTS




Longshortayplants

Thesare shortday plantsbut mastexposedo long daysduringearly periodof
growthforsubsequefibwering

ExampleBryophyllumCestrunmocturnum

Shortongdayplants

Thesarelongday plantsbut muste exposetb shortdaysduringearly periodf
growthforsubsequeflowering
ExampleSickle I riticum

Intermediatdayplants

Plantslowemnwhendaysareneitheitoolongortooshort
Example Saccharuspontaneu/@oleusybrida

Amphiphotoperiodglant
Plantgjuantitativehbyintermediatelaylengths
Example MadiaelegansSetariaserticillata



Light/:;:i? An appropriateohotoperiodn 24 h our s

rd cycle constitutesone inductive cycle

Leaf perceiving photostimulus Plantsnayrequireoneor moreinductive

o | cyclesfor flowering The phenomenoaf

REHVEOn °”{Y‘°""°'“e pigment conversionf leaf primordiainto flower

, - , primordiaunderthe influenceof suitable
Synthesis of flowering stimulus or florigen ; : .

iInductive cycles IS

called photoperiodic  induction
ExampleXanthium(SDP)0 1 inductive

apex \ . |
Initiation of flower primordia cyc:eand PlantagdLDP)o 25 inductive
cycles

Translocation of florigen from leaf to shoot

FLOWER INDUCTION
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Figure 15.25: Experiment on Cocklebur
plant showing photoperiodic stimulus

IS perceivedy the leaveskFloral
hormonas synthesiseith leavesandtranslocatetb the
apicaltip to promotdloweringThiscanbeexplainedy a
simple experiment on Cocklebur (Xanthium
pensylvanictyja shortday plant Usually Xanthiumwill
flowerundershoridayconditiondf the plantisdefoliated
and kept undershortday conditionst will not flower
Floweringvill occurevenvhemall theleavesareremoved
excepbneleaf If acocklebuplantisdefoliatecandkept
underlongday conditionst will notflower If oneof its
leavessexposetb shordayconditiorandrestarein long
day conditionfloweringwill occuil henatureof flower
producingtimulushiaseerelusivesofar. It isbelievedy
manyphysiologisthatit isahormonealled 1The
termflorigenwascoinedy Chailakyar(1939 butit isnot
possibltisolate




Light and Plant-Development

u Plants detect parts of the light spectrum that are relevant for
photosynthesis.

u Classes of major plant photoreceptors:
u 1) . detect red light
u 2) Cryptochromes : detect blue light

u 3) Phototropins : detect blue light
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u

Phytochromproteinoccurssa dimerof two 124kDa polypeptidegach
withacovalentlyattachegigmentmolecule

Thepigmentscalledchromophorkisalinearnetrapyrrole

Whenthechromophoigbsorbisght,theraisaslightchangen itsstructure
Thiscausea changen the conformationalf the proteinto the formthat
Initiatesaresponse

Moleculargeneticshasrevealedthe existenceofseveragenesfor this
proteinnagivenplant

Thedifferenphytochromeseinvolvedn differentiologicalesponsés
redlight.

Plantsnakeb phytochromdshyA, PhyB,PhyC ,PhyD ,PhyE



long day, flower only when
short migiy nightsaresufficientlyongWhenlong
nightsareinterruptedoy a shortdose

short day, of white light, flowering is again
long night delayedTheactivewavelengtiforthis
light-responsevas found to be red

short day, light. Moreoverthe effectof the red

light treatmentouldbesuppressdyy
treatmentvithfarredlight.

L

Suggestthe existenceof a receptor

interrupted night

short day,
red interruption

short day, ] ]
red followed proteinthat is activatedby red light
by tar-red andinhibitedobyfarredlight.

© 2006 Brooks/Cole - Thomson



Experimental evidences

Short-day (Jong-mght) plant

Short-day (long-mght) plant
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Long-day (short-maght) plant Long-day (short-night) plant

Fig- Effects of flashes of red and far red light on flowering in LDP and
SDP (figure 39.18, page 768, Campbell's Biology, 5th Edition)




History: of Phytochrome discovery

of Phytochrome was also
shown to control the
germinatiorof seedsRed
light (activates the
receptor) promotesseed
germinationand far red
light suppressethe red
light effect

Red/far-red reversible photocontrol
lettuce seed germination

5 minred 5 min red —
5 min far-red



Phytochrome structure

A protein linked to a chromophore.

chromophore

1 ~1200 aa
NH, COOH

The chromophore (a tetrapyrrole compound) allows phytochrome to
change in response to red or far-red light.







