Lecture 17:

Vernalization —

Promoting flowering with cold
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A role of temperature in the plant calendar

Changes in day length are a reliable indicator of seasonal progression,
but day length per se is not completely informative of the time of year.

Some plants discriminate between equivalent photoperiods in the
beginning of autumn and spring by flowering under long-day conditions
only when these are preceded by a prolonged exposure to cold —
VERNALIZATION

Vernalization — the process whereby flowering is promoted by a cold
treatment given to a fully hydrated seed (i.e., a seed that has imbibed water)
or to a growing plant.

- dry seeds do not respond to cold treatment

- without cold treatment, plants that require vernalization show
delayed flowering or remain vegetative (plants grow as rosettes
with no elongation of stem) BIO|
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Vernalization induces flowering in winter-
annual ecotypes of Arabidopsis thaliana

No vernalization Vernalization

Plants are genetically identical.

Exposed as a seedling o
to 4°C for 40 days. Z:“
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Vernalization results in competence to flower
at the shoot apical meristem

Plants differ in age at which they become 100 -
sensitive to vernalization.

E.g. winter annuals (winter rye) respond to 3

low temperature early in their life cycle (can
be vernalized before germination, imbibed
seeds).

80}

Most biennials (grow as rosette during first
season and flower in following summer;
parsley, carrot) must reach minimal size
before they become sensitive.

Parcent of seeds remaining ves

Effective temperature of vernailzation:
0-10°C;

Effect of cold increases with duration of cold r
treatment, requiring several weeks of ’ ] a3 3
exposure (varies with species) Duration of cold treatment (weeks)

Vernalization can be lost after exposure to Imbibed Rye seeds exposed to 5°C
high temperature (devernalization); the for different lengths of time, then
longer the exposure to low temp., the more immediately treated for 3 d at 35°C.

permanent the vernalization effect. 4 09

Vernalization may involve epigenetic changes

in gene expression

Requirements and features of vernalization:
- requires active metabolism (sugars and oxygen)
- requires cell division and DNA replication
- requires stable changes in pattern of gene expression in meristem (even
after the signal that induced the change, i.e. cold, is removed — epigenetic
regulation)

Epigenetic: A heritable change in gene expression that is controlled by modifications
in DNA methylation and/or chromatin structure.
- from yeast to mammals

Arabidopsis: - winter-annual ecotypes require both vernalization and long days to flower
- gene acting as repressor of flowering: FLOWERING LOCUS C (FLC)

FLC - encodes MADS box transcription factor, delaying floral transition
- represses transcription of AGAMOUS-LIKE 20 (AGL20)/SUPPRESSOR OF
OVEREXPRESSION OF CONSTANS 1 (SOC1), encoding MADS box
transcription factor accelerating flowering
- highly expressed in non-vernalized SAM
- after vernaliztion, gene is epigenetically switched off for remainder of plant's
life cycle, permitting flowering in response to long days to occur

Vernalization blocks the expression of FLC in cold-
requiring winter annual Arabidopsis ecotypes
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Other genes involved in control of flowering
by vernalization

VERNALIZATION (VRN) 1 (transcriptional factor B3 family protein), and VRN2
- both are required for maintenance of low levels of FLC mRNA that are
established by cold treatment once plants are exposed to warmer conditions

wild type Time vernalized
weeks “'l'i,'l\'!l
0 : 3 :

5101520 :D 2 5 1015 20. Days at 20°C after vernalization

FLC mRNA I 3 :
H . Role of VRN2 is to maintain the

. ' repression of FLC expression.

vrn2 i Time vernalized
5101520 IE(I 2 5101520 Days at 20°C after vernalization
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VRN2 encodes a gene related to
Drosophila Polycomb-group (PcG) genes
VRN2
Arabidopsis ,_ :I:I:E_j 5
Toa L w7
sz i : ;
Drosophila L——X& = E—
W Zinc Finger ] Conserved Regions A 22 amino acid repeat
[l Nuciear Localizati W Highly B 17 amino acid repeat

In Drosophila, PcG proteins act in large protein complexes. They maintain the
repression of transcription of homeotic genes, once the pattern of expression of
these genes has been established during early embryo development.

BIO
754
Fall

8 09

Polycomb-group complexes in Drosophila repress gene
expression by modifying histones

’ I A nucleosome contains two copies of H2A, H2B, H3 and H4
wrapped around 147 bp of DNA
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Modification of histones can alter gene expression.
Histone 3 is a target for modifications — those above activate
gene expression, those below repress it.

Polycomb-group proteins promote the methylation of K9 and K27

VRN1 and VRN2 involved in chromatin remodeling — BlO

vernalization down-regulates FLC by epigenetic mechanisms Ziﬁ
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The Arabidopsis calendar

Mid sumener

3¢

Yanovsky and Kay (2003) Z:‘\

Nature reviews Mol. Cell Biol. 4: 265 10 09

Increase in AGL20 expression during floral
evocation in SAM

Oh

18h 42 h 5d
Times after shifting the plants from short days (8h L/16 h D) to
long days (16h L/8h D)
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Biochemical signaling involved in flowering
) . X ) Perilla crispa (beefsteakplant), SDP
Grafting studies have provided evidence for
atransmissible floral stimulus

- 1930s: Mikhail Chailakhyan postulated the
existence of a universal flowering hormone,
“florigen”

- Example: Perilla, a SDP;

Left: grafting an induced leaf from a plant
grown under short days onto non-induced
shoot causes the axillary shoots to produce
flowers.

Right: grafting a non-induced leaf from a plant
grown under long days results in generation of
vegetative branches only

Floral stimulus seems to be the same in plants
with different photoperiodic requirements:
Example: grafting an induced leaf from LDP
Nicotiana sylvestris, grown under long days, ; BIO
onto the SDP Maryland Mammoth caused the Induced Uninduced 754

latter to flower under long day graft donor  graft donor 1 FoagH




Successful transfer of a flowering induction signal by
grafting between plants of different photoperiodic responses

™ issible factors regulate fl ing

Donor plants

maintained under flower- Photop | q ptor plant Photop i

inducing conditions type®® induced to flower type™®

Helianthus annus DNPin LD H. tuberosus SDPin LD

Nicotigna tabacum Delcrest DNPin 5D N, sylvestris LDPin 5D

Nicatiana sylvestris LDPin LD N. tabacum SDP in LD
Maryland Mammoth

Nicotiana tabacum SDPin 5D N. sylvestris LDPin 5D

Maryland Mammoth

Note: The successful transfer of a flowering induction signal by grafting between plants of different pho-
toperiodic response groups shows the existence of a transmissible floral hormane that is effective.
"LDPs = Long-day plants; SOPs = Short-day plants; DNPs = Day-neutral plants.

LD, long days; 50, short days.

Leaves of day-neutral plants also produce a graft-transmissible floral stimulus
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Successful transfer of the floral stimulus
between different genera
Example:
Grafting a shoot from LDP Petunia hybrida (right
branch, the scion) onto the cold-requiring
biennial Hyoscyamus niger (henbane) caused
the latter to flower under long days, even though
it was non-vernalized.
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Indirect induction implies that the floral
stimulus is self-propagating
(&) Indirect induction can be demonstrated in serial grafting experiments in Xanthium,
Male
inflorescence First Second Third Fourth
P --, graft graft graft graft
Induced First Second Third Fourth
Xanthium noninduced noninduced noninduced noninduced
plant stock stock stock stock

In Xanthium (SDP), Bryophyllum (LSDP) and Silene (LDP), the induced state appears
to be self-propagating — young leaves that develop on the receptor plant after it has
been induced to flower by a donor leaf can themselves be used as a donor even BIO
though these leaves have never been subjected to an inductive photoperiod — ;:"
indirect induction 15 09




Indirect induction does not occur in Perilla

(8) Grafting of induced leaf to uninduced shoot causes flowering
in multiple grafts in Perilla.

Second : :

graft !

H 1

|

! |

! |
Induced Uninduced stock Uninduced stock  Uninduced stock
plant v

Uninduced leaves removed from stock to promaote BIOI

source sink movement to axillary bud from induced leaf 754
Fall
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Evidence for antiflorigen found in some LDPs

Grafting studies implicated
transmissible inhibitors in
flowering regulation — antiflorigen

Antiflorigen (like florigen) may
consist of multiple compounds

Example:

Grafting uninduced leafy shoot
from LDP Nicotiana sylvestris
onto day neutral cultivar
Trapezond suppresses flowering
in the day neutral plant under
short days but not long-day
conditions
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Multiple developmental pathways for flowering in Arabidopsis

See part 2
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Multiple developmental pathways for flowering in Arabidopsis
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The transition to flowering involves multiple factors and
pathways
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