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the capture of a master flowering gene.

hen vou're rooted to the spot, the natural

state for all the world®s flowering plants, 1t

pavs 1o be closely attuned 1o yow
environment. To germinate or flower at the wrong time
can prove faal.

In the equable environments of hundreds of laborato-
rics around the world, the plant genericist’s *green rat’,
Arabidopsis thaliana, will germinate at any time of vear,
then races th -n_:."h its life evele, flow l.':'i|'|;L at 30 L|.1‘_..-
and setting sced within just 42 davs.

In Sweden, the northern limit of its native range in
Europe, the diminutive crucifer germinates bencath
melting snow as temperatures begin o rise in late winter.
It delavs flowering until late spring, consigning its secds
to the sl i early summer,

Experiments have shown that the Swedish ecotypes
won't Hower until exposed to low winter temperatures: a
phenomenon called vernalisation, And they delay
Hlowering until davlength exceeds some critical minimum,
Where laboratory strains of Arafidapsiy send up lowering,
spikes from a small rosette of half a dozen leaves, the
Swedish plants grow dozens of leaves betore vernalisation
and the lengthening spring days cue them o flower,

The adaprive value of the Swedish plants” inbuile tem
perature and davlength sensors is obvious. They ensure
that seed set occurs at the most propitous time of vear,
when the risk of lethal late-season frosts is minimal

Like their Swedish cousing, several scedlings among I

Candice Sheldon™s latest crop of random mutants were

slow 1o tlower: they grew dozens of leaves and developed
a hummock-like appearance betore flowering at 70 days

Sheldon, a member of Dr Liz Dennis’s team at
CSIRO Plant Industry, allowed the mutant plant to self
pollinate, to double-up the unknown gene that was
delaving flowering. In the next gencration of scedlings,
some took 150 davs to Qower, and others sill had not
flowered 12 months later.,

Dennis and her colleagues are gene hunters; they
explore the Arabidopsis genome with a technique called
transposon ragging. Transposons are mobile DNA
clements that, when introduced into tssuec-cultured
cells, randomly insert themselves into chromosomes
Occasionally, a transposon lands within an anonymaous
gene, disrupung s acnvity and changing the way the
plant looks, or the way it grows or responds 1o its
environment. The transposon, now embedded o the
gene, serves as a ‘rag’ thar allows the researchers to
locate and clone the gene, then explore its lunction

It"s now i‘l]-i[rn'!.' that one of Sheldon™s random shors
had hit a rare genetic prize: the master gene thar controls
lowering. The gene, now known as FLF (Flowering
Locus Fh, works in an unexpected way, Rather than inin
ating {lowering, it suppresses flowering until other genes
switeh FLF off,

These genes remam anonymous, and it's not vet clear
how they repress FLE, but they probably are key plavers
in the systems that allow Aralidepsis to momtor its

environment. One such mechamsm momitors davlength
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35-day-old plant

and 1n combination with the cold
rreatment overcomes FLE in late spring,
intiating Howenng

Sheldon and Dennis believe FLEF 15 one
of the master |‘|l‘\\i'I:II:.L sZones, because it
sits where all these pathwavs intersect. In
cliecr. 1t ||'. Ve _-_;‘!En,'L{_-1_|‘||_'r, integrating, data
abour the plant’s developmental starus,
and the conditions in the external
civiirenment.

Only when all svstems are *go’ does FLI
switch oft. SErnng in rrain the genenc
programs thar will transform fase-dividing,

unspecialised meristem cells at the apex of

the plant shoot or shoots = into the
mincate structures of lowers

he diversity ol tlower lorming pro
Erams 15 cnormous; every species  has
evolved s own unique combination  of

~| 6 days to flowering
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less FLF
product

150-day-old FLF mutant plant

Left: Arabidapsis normally takes about 30 days to
flower, and 41 to set seed,

Above: A crop of seedlings in which a gene later
named FLF was disrupted produced several random
mutants that were slow to flower. In the next

generation flowering was delayed even further.

shape, colour and scent. But the gene that

controls it all, FLE, s

served in all Howering plants

yrobablyv highly con

Now that they have dentfied FLF,
J}g'l'.:'u\ and her Lcllll,.'l_'_'.lh'\ |1|||'\-L to track
back up through the pathwavs that sup

press it, looking tor wavs of mampulatng

s activity. Farmers would welcome a way
ol delaving or advancing, flowering in then
crops to capitalise on seasonal conditions
and premium markets. Commercial {lower

growers would prefer that their millions of

chrvsanthemums  lowered in synchrony,

on Mother's Day
Doubtless farmers would also welcome a
way of suppressing flowering completely.

Like Ar wcultural weeds

RAOEEs, Many ag
are quick 1o Hlower, and can squeeze sever

al LENCraions imto a -II'n’.IL' EFOWINE SCasorny

~30 days to flowering

more FLF
product

—*-

A Late wanter sprav that suppressed flower

mg could halt this rapid  proliferation

Millions of Australians w
I

'-\I||'I SLECAMINEG Cves, ‘Hlltll\l '-\R'|-.t'l1|r.' FHIAY
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and ¢ summer racked by sncezing, and
thing that prevented the perennial ryvegrass
intesting  suburban lawns producing  its
porent |'||'||L'I'.

Dyennis savs the torestry industry would
benetit from an anu-tlowering compound
You don’t want nmber plantations 1o
flemwver and set seed every year, vou want all
their resources directed into growing
'\'\(ll\gi__\ \I'll’_' S5AaVs

Fucalvpr plantations  invaniably  attract
native birds and mammals that feed on

nectar and pollen. Non-tlowernng planta

tons would avord the carnage that accom
panies cleartelling,.
With their requirement tor vernalisation
exposure to a period of winter cold

Ar

Furope have something i common with

thidopsis ccotvpes  trom northern

front trees such as chermes and apples, and

the winter wheats of colder regions of

Furape and North America.

How does vernalisation work?

A decade ago, researchers became aware of
the importance of a phenomenon called

methvlaton in controlling gene activity in

plants and animals. When the organism

needs to shut down a gene, an enzvme
oads up its DNA

with methyl (CHz) molecules,

called methvliransterase

PMant Industry chiet Dr Jim Peacock
wondered if methyvlatton mighr be the

mysterious mechanism responsible for

The FLF gene integrates data about the plant's
developmental status and external

environmental conditions. When the FLF gene is

switched off, the genetic programs that initiate

flowering are set in train.

>300 days to flowering



vernalisation. Perhaps exposure to cold
stripped methyl molecules off the DINA 1o
reacuvate a .‘-l||.'\|."‘f".'\'-‘-k'd gene in the
flowering pathway tor winter wheat?

His colleagues, Dr Dick Brock and Dr
Jim Davidson, confirmed his hunch when
they induced early flowering in a winter
wheat by artificially vernalising it wiath a
chemical demethylator, azacyndine,

‘Nobody believed us when we suggested
that methyvlation controlled vernalisation
b suppressing the genes involved in flow-
ering,” Dennis says.

It was that experiment thar led Denms
and her colleagues into the scarch tor the
eenes that control lowerning. They set out
to determine if flowering in Arabidopsis
was also controlled by methylation,

Now they have shown that cold
shocking cold-tolerant ccotypes of Ara-
bidopsis scedlings to simulate vernalisation
suppresses the FLF gene’s activity,
initiating, early flowering. And the same
thing happens when the scedlings are
demethylared with azocyndine

The likely mechanism in vernalisation is
that, when Aralidopsis germinates
beneath the snow, the gene that controls
the vernalisation-dependent flowering
pathway is fully methvlated and silent.
Cold shock slowly demethylates the gene;
by spring, it is fully demethvlated, and
transmits the signal that switches oft FLE
thus imtanng lowering.

Peacock™ predecessor as chiet of Plant
Industry, Dr Llovd Evans, devoted much
of his career to the scarch for *florigen’,
an clusive elixir thoughr to trigger
flowering,.

His subject was the grass, Lolinm
tenmredentum, which stubbornly refuses o
flower until a certain day in spring, when
davlength exceeds some critical threshold.
Evans, whao still works in the division as an
honorary research fellow, was able to
induce carly flowering in Loltum by
treating its shoots with a the plant
hormone, gibberellic acid, in winter, when
davlength s normally 1oo short to initate
flowering.

Evans’ long-time colleague, Dr Rod
King, sayvs applving gibberellic acid (GA)
to Lolirm results in massive stem clonga
non, followed by flowering. The same
response s seen in Arabidopas where
changing the davlength regime in a growth
cabinet, from short days to long days, caus

es gibberelling to increase in the shoots:

Check genetic facts on line

A GUIDE to the science of gene technology, and a discussion of its benefits and risks, is
available on the CSIRO website at http://genetech.csiro.au. The guide has been devel-
oped as part of the Federal Government's Biotechnology Australia initiative.

It covers topics such as the uses and regulation of gene technology in Australia, and
outlines examples of the place of biotechnoloay in medicine, agriculture and the food
industry. An extensive glossary of terms and links to other sites are also provided.

the leaves “sit up’, elongate and the plant
flowers. King calls the gibberelling the
plant’s *Viagra’

Long day length causes a sharp nse in
GA levels in the planes” tissues, but King
says such experiments do not establish that
gibberellic acid directly initares flowenng,

The events that occur berween the apph
cation of the hormone (or its endogenous
production mn response 1o the light switch
of increasing davlength) and the moment
two davs later when the plamt initiates
growth of the flowenng spike, are hidden
within a ‘green box’

King and his colleagues are trymg 1o
identify what happens inside thar green box.
Their Lolinm rescarch had shown that gib-
berelling activate a member of the MTH
family of developmental genes, which play
key roles in plant organ development,

They have now shown that the MYB
gene’s protein binds to the promoter of
another gene called feafy, which appears to
be a master activator gene thar regulates
flower -.||.'\'a'1c:]1|u|.'|1'|, shoot 1.'|lJI1J.'_.¢lIiUI'I and

leat growth,
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King and his colleagues have illum
inated some of the pathway that allows
Arabidopsis - at least, the Swedish
ecotvpes — to track increasing dayvlength,
and cues the plants o produce flowers o
leafy shoots from which their flowers will
form in late spring

So gibberellic acid activares MYRE. The

next question, says King, is how?

Abstract: Usinga technique called
transposon tagging, scientists have
identified the master gene that controls
flowering in plants. The gene, known as fLf
suppresses flowering until switched off by
other genes in response to environmental
cues. The discovery raises the possibility of
developing anti-flowering compounds for
use in crop production and weed control
Other research has shed light on the
pathway that allows the laboratory plant
Arabnidopsis to flower in response to
increasing daylength, A process called
methylation has been shown to control
vernalisation (flowering at low tempera-
tures) by suppressing the flowering genes.
Keywaords: Arabidopsis thallana, Lolium
temulenturn, flowers, flowenng plants, plant
physiology, transposon tagging, FLF
(Flowering Lacus F), gene.
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