Lecture 16:

Photoperiodism —

The ability of an organism to detect day length
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Molecular interactions that shape the plant circadian oscillator

The circadian clock constitutes the timing mechanism of seasonal responses

] Circadian rhythms are based
. on transcriptional feedback

% loops in which some proteins
negatively control their own
expression by antagonizing

the action of positively
regulating transcription factors

Yanovsky and Kay 2003
Nat Rev Mol Cell Biol 4: 265-75

Arabidopsis mutants with aberrant circadian rhythms
elf3/elf4 - early flowering 3/4; mutation causes no circadian rhythm in light,
but rhythm is maintained in constant dark
tocl - timing of cab expression 1 (pseudo-response regulator*); mutations shorten BIO
photoperiod 754
lhy (late elongated hypocotyl), ccal (circadian clock associated 1) - MYB-related Fall
putative transcription factors -> mutations abolish circadian regulation of genes2 09

Molecular interactions that shape the plant circadian oscillator

| LHCB and other’
morning genes 1

TOC1 1 = Activate expression of
ELF4 1 CCAL, LHY
/
CCA11 = Repress TOC1, ELF4
LHY 1 transcription
TOC1 | ‘gccml
ELF4 | LHY |
Dusk/ Release of TOC1 1
Evening inhibition of ELF4 1

TOC1, ELF4 |




The effect of latitude on day length
at different times of the year

Houn of daylight

Morgantown:
latitude is 39.629N
longitude is -79.956W
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Plants can be classified by their photoperiodic responses

Y Wild type tobacco (Nicotiana sylvestris) (left)
and

Maryland Mammoth cv. of tobacco (Nicotiana
tabacum) (right), which fails to flower in the
summer, but flowers in winter under natural

light

Gallard & Allard, 1920, USDA Beltsville, MD

Nicotiana tabacum = short-day plant

Nicotiana sylvestris = long-day plant

=

2

MARYLAND MAMMOTH locus is a
recessive gene in N. tabacum that confers
short-day behavior (Allard, 1919; Lang,
1948).
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Photoperiodic regulation of flowering
Short-day plants flower when the day length Long-day plants flower when the day length
is less than (or the night length exceeds) a exceeds (or the night length is less than) a

certain critical duration in a 24-h cycle. certain critical duration in a 24-h cycle.

— —
|

= Light

o e < Critical
- duration
| of darkness

——— Flash of
light
T Darknes

Night—_|
break |

S-Hon-day (Iong—night)_plan-ts flower_ Long-day (short-rght) plants flower if

when night length exceeds a critical the night length is shorter than a critical
dark period. Interruption of the dark by period. In some long-day plants,
brief light treatment prevents flowering. shortening the night with a night break

induces flowering.




Effects of the duration of the dark period on flowering

Lighting treatment Flowering response
Light Darkness SDP LDP .
| Treating short- and long-
. day plants with different
Vegetative o otoperiods shows that

the length of the dark

D Vegetative period is critical.
|:- Vegetative
24h Chrysanthemum Hibiscus Day-neutral plants

Rice, Kalanchoe Fuchsia
Poinsettias Spinach Kidney bean
Morning glory (Pharbitis) ~Arabidopsis Desert plants 7;’4
Cocklebur (Xanthium) Sugar beet Cucumber Fall
Soybean Radish Tomato 7 09

Phytochrome is the primary photoreceptor in photoperiodism

N

Short-day
(long night) plant
2

Long-day
(short night) plant

A flash of red light during the dark period induces flowering in a long-day plant, and
effect is reversed by far-red light. — involvement of phytochrome BIO
In a short-day plant, red light prevents flowering, and effect is reversed by flash of ~ 754

far-red light. 8 FD;"

Blue-light receptors also regulate flowering

In short-day plants — red light is the most effective wavelength to inhibit flowering
when given as a short pulse of light in the middle of a long night, which functions as a
night-break treatment that mimics the effect of long days.

In many long-day plants — blue light is more effective than red light.
cry2 mutants flower

much later than wild
type during long but

not short days ~ L
\ { \

— CRY2 has arole in \ rF

photoperiodic regulation o] ¥

of flowering time
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How does an oscillation with a 24-h period
measure a critical duration of darkness?

Short-day
(long night) plant
24

Example:
How does Chrysanthemum “know”

that it needs 10-12 hrs to induce
flowering?

Long-day
(short night) plant
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A physiological model of photoperiodic time measurement
Molecular basis of the external coincidence model

Arabidopsis
w Coincidence model: Plants are
sensitive to light only at certain
short day times of the day-night cycle.
v
ey Vegetative CONSTANS (CO)
a p:"m_m: => zinc finger transcription factor
FT mRNA— => promotes flowering under LD
- => stimulates expression of FT
8) (FLOWERING LOCUS T)
€O mRNA~_
CO protein—
FT mRNA— '37';
B 12 18 24 Fall|
Hours 1109

Red light promotes degradation of CO, delaying flowering
A. thaliana

co
T N
Long days y [
FT
-
/—-\

Other protein/s that
recruit/s CO (not

formally confirmed) | Short days
(PhyB")

Short days
(PhyB’)
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Kobayashi and Weigel 2007 Genes Dev 21: 2371-2384 12 09




The Coincidence Model in short-day plants
Arabidopsis Rice
Ay (s}
shgr? day Shart day
Vege:allve Fhm‘wing
Hd'l mRNA -
Hd1 pratein— -
Hel3a mANA— ==
[ E
) (o)
phya, cry-»
Long day
+
COmRNA-_| Flowering Hell mANA -
€O protein— Hd1 protein—
FTmha = HaZa mANA—T—
o 3 iz 18 24 0 5 12
Hours. Houwrs.
Hd1 = Heading-date1, rice ortholog of CO B7|;)4
Hd3a = Heading-date 3a, rice ortholog of FT Fall
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Comparison of the function of orthologs CO and Hd1,
FT and Hd3a
A. thaliana rice
co Hd1
N N
Long days :ﬂ._t _L"L_J: " Short days
FT Hd3a
Hd1
Short days . &,_\' Long days
(PhyB™) (PhyB™)
?
—
Short days Y : B E Long days
(PhyB") (PhyB")
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Kobayashi and Weigel 2007 Genes Dev 21: 2371-2384 14 Das

Key regulatory interactions in the leaf and at the shoot apex

Direct interactions are indicated
by bold lines (regulation of
mRNA levels refers to
transcriptional control)
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Kobayashi and Weigel 2007 754
Genes Dev 21: 2371-2384 Fall
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