


2

Transcription factors involved in nitrogen 
sensing



NIN-like protein (NLP) have been
shown to be involved in nitrate responses

• NLPs have been shown to directly bind to the nitrate-responsive 
cis-element (NRE) to induce nitrate-mediated transcription
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NIN-like protein (NLP), rhizobium formation in Lotus





Nitrate promotes seed germination in an NLP8-dependent manner.
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(a) Relative expression level of NLPs in dry 
seeds (white bar) and 6-h imbibed Col-0 
seeds (black bar) from 16 °C. (b) Locations 
of T-DNA insertions in the NLP8 and NLP9. 
(c) Seeds were imbibed in water with 1 mM
KCl (white bar) or KNO3 (lined bar) for 7 
days. Note that all samples did not 
germinate in water with 1 mM KCl, thus the 
white bars are invisible. (d) Germination 
of nlp8 mutants of Ws-4 and Cvi
backgrounds in the presence of nitrate. 
Seeds were harvested from plants grown at 
22 °C. Freshly harvested Ws-4 and nlp8-5, 
and 2-month stored Cvi and nlp8-2/Cvi
were used for germination tests. Seeds 
were imbibed in water with 1 mM KCl (white 
bar) or KNO3 (lined bar) for 7 days.
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Insertion 9.1

Inorder to characterize this locus by PCR, in which region do you 
design primers:
- The insertion in mutant allele
- The WT allele

5’

5’

3’

3’



Effect of dry storage on dormancy release.
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Germination was scored 2 d (A), 9 d (B), 18 d (C), and 27 d (D) 
after seed harvest.

Differences in germination in different ecotypes
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NLP8 is a master regulator for nitrate-induced gene expression during seed germination.

10

NITRATE REDUCTASE

ABA CATABOLISM

Nitrate-upregulated (left) and downregulated (right) genes in 6-h imbibed seeds in Col-0 or the nlp8-2 
mutant. Seeds were imbibed in water with 1mM KCl or KNO3 for 6 h and RNA was extracted for RNA-seq.

Col-0 imbibed in KCl, black circle with 
solid line; Col-0 imbibed in KNO3, red 
circle with solid line; nlp8-2 imbibed in 
KCl, black square with dotted line; nlp8-
2 imbibed in KNO3, red square with 
dotted line.
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NLP8 regulates ABA catabolism during seed germination. (a) Quantification of 
ABA contents in Col-0 and nlp8-2 seeds. Seeds were imbibed in water with 
1mM KCl or KNO3for the indicated time periods. The ABA content was 
measured by liquid chromatography equipped with a mass spectrometry. (b) 
Germination of ABA metabolism and nlp8 mutants in the presence of nitrate.
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NLP8 binding motifs



A proposed schematic model for NLP8 activity in regulating nitrate-promoted seed germination.
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SCAVENGER of NO
cPTIO = 2-(4-
Carboxyphenyl)-4,4,5,5-
tetramethylimidazoline-1-
oxyl-3-oxide potassium 
salt

NO PRODUCER
SNP = Sodium 
nitroprusside
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NO has also a strong effect in releasing seed dormancy
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NRT1.1 nitrate 
transporter



NITRATE TRANPORTER LOWER AUXIN 
ACCUMULATION IN ROOT PRIMORDIA









NRT1.1 a 
dual affinity
transporter



DIMER CONFORMATION, 
WITH EACH N-TERMINAL 
HALF FACING AND 
INTERACTING WITH EACH 
OTHER.



UNMODIFIED NRT1.1 THEREFORE 
ADOPTS A DIMER CONFIGURATION 
SUITABLE FOR LOWAFFINITY NITRATE 
UPTAKE, WHILE LOW N-MEDIATED 
PHOSPHORYLATION AT THR-101 
TRIGGERS CONVERSION TO A MONOMER 
WITH HIGHER STRUCTURE FLEXIBILITY, 
WHICH MIGHT EXPLAIN THE SWITCH TO 
HIGH AFFINITY











Seed dormancy and germination factors

31

GA
ABA

Adapted from Bentsink and Koornneef, 
2002

seed coat
factors

Stratification

KNO3, GAs…



Seed coats and transparent testa mutants

32(tannins)

Browning

Flavonoid biosynthetic pathway in Arabidopsis (adapted
from Shirley, 1998). The scheme is simplified to show 
essentially the steps leading to proanthocyanidins, 
anthocyanins, and flavonols. Only the mutants 
corresponding to genes of known function are presented. 
The mutants in parentheses correspond to regulatory genes, 
the others to structural genes encoding the enzymes 
chalcone synthase (CHS), chalcone isomerase (CHI), 
flavonoid 3-hydroxylase (F3H), flavonoid 39-hydroxylase 
(F39H), dihydroflavonol reductase (DFR), and a 
dihydroflavonol reductase-like (DFR-like), as indicated in 
square brackets. The dashed arrow represents several steps.



Seed coats and transparent testa mutants
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Seed coats and transparent testa mutants
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Histochemical detection of seed flavonoids in Arabidopsis. Immature seeds at the late 
globular-heart stage of embryo development stained as whole mounts. The vanillin 
assay is used to detect flavan-3-ols and their proanthocyanidin polymers. 



Characterization of the Arabidopsis seed coat.
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A) The permeability of the testa to tetrazolium salts (T) and the 
presence of catechins an proanthocyanidins in mature seeds 
determined by the vanillin assay (V) are compaired with the original 
color of untreated seeds (C)
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Fire frequency is expected to increase with human-
induced climate change, especially where precipitation 
remains the same or is reduced (Stocks et al., 1998).
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Leaf size, climate, and energy balance

Wright et al. analyzed leaf data for 7670 
plant species, along with climatic data, 
from 682 sites worldwide.

Their findings reveal consistent patterns 
and explain why earlier predictions from 
energy balance theory had only limited 
success.

The authors provide a fully quantitative 
explanation for the latitudinal gradient in 
leaf size, with implications for plant 
ecology and physiology, vegetation 
modeling, and paleobotany.
Science
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Across the plant kingdom, 
leaves vary from less than 
1 mm2 to greater than 1 
m2 in area.
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Larger leaves have a thicker boundary layer that slows sensible heat 
exchange with the surrounding air, meaning that—all else equal—they 
develop larger leaf-to-air temperature differences than that of smaller 
leaves
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What are the selective advantages that favor large leaves under conditions when they 
are physiologically possible? 

This is not well understood, but two prospective explanations seem most promising.

First, by deploying a given leaf mass as fewer, larger leaves, the associated twig costs tend to be lower, even if 
within-leaf structural costs are higher
this should lead to a growth advantage

Second, the wider leaf-to-air temperature differences possible for larger leaves may allow them
to more quickly heat up to favorable temperatures for photosynthesis during cool mornings, leading to 
substantially higher photosynthetic returns.

In addition, under sufficiently hot and high-irradiance conditions, wider leaf-to-air temperature differences may 
allow larger leaves to operate at temperatures substantially lower than that of the surrounding air (and more 
favorable for photosynthesis), provided sufficient soil water is available to support the necessary transpiration.

1

2

2



©  2013 American Society of Plant Biologists

Image sources: pfern, Hesperian, © Kurt Stueber, 2003  

Fire stimulates seed release or 

germination in some plants 

(fire-ephemerals)

Some cones and seed pods 

are fire-serotinous, opening 

in response to fire

Banskia spp, before and after fire

Fire (heat and smoke) can promote seed germination
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http://en.wikipedia.org/wiki/File:Prescribed_burn_in_a_Pinus_nigra_stand_in_Portugal.JPG
http://en.wikipedia.org/wiki/File:Banksia_menziesii_cone.jpg
http://caliban.mpiz-koeln.mpg.de/mavica/high/1000/00526.html


©  2013 American Society of Plant Biologists

• germinate not by the heat of a fire but by the 
chemicals it produced

• ‘karrik’, which is an Aboriginal term for 
smoke from the Western Australian Noongar
people



Reprinted from Chiwocha, S.D.S., Dixon, K.W., Flematti, G.R., Ghisalberti, E.L., Merritt, D.J., Nelson, D.C., Riseborough, J. -A.M., Smith, S.M. and Stevens, J.C. (2009). Karrikins: A new family of plant growth regulators 

in smoke. Plant Science. 177: 252-256 with permission from Elsevier, and see also Flematti, G. R., et  al.,  (2004). Acompound from smoke that promotes seed germination. Science 305: 977.

Fire-induced germination lets 

seedlings become established with 

less competition from taller plants.

Karrikins are cues from smoke that 
promote germination.

However, following a fire, there can 

be increased competition between 

similarly-sized seedlings….

Karrikins are germination-promoting compounds found in smoke
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The butenolide part of the compound is a 5-membered lactone ring while the other part 
of the karrikin compound is a 6-membered pyran ring.

http://www.sciencedirect.com/science/article/pii/S0168945209001824
http://www.sciencemag.org/content/305/5686/977.full


David C. Nelson et al. Plant Physiol. 2009;149:863-873

Partial structural similarity between the karrikin family of plant growth regulators and strigolactones.
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Strigolactone biosynthesis is related to carotenoid catabolism
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Also other smoke molecules can stimulate seed germination
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Karrikins are involved also in other physilogical responses



karrikins are unstable at very high temperatures.

It is likely, therefore, that they are produced in the less-intense parts of wildfires, 
vaporise, and collect in the smoke and condensation and become bound to soil 
particles in the same way that cooled smoke can be deposited onto seeds to 
stimulate their germination.
Karrikins may be ‘carried’ in smoke by a process of steam distillation but are not 
carried for long distances in smoke, and largely remain close to the source of the fire
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KARRIKINS
ABA



Their production from polysaccharides  and sugars 
explains the pyran ring of karrikins

The smoke from cigarettes stimulates seed 
germination, probably due to the presence of karrikins.
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KARRIKIN-INSENSITIVE 2 is structurally 
similar to the receptor of strigolactone 
DWARF14
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• Fire-protective thick bark originated in Pinus 
c. 126 Ma in association with low-intensity 
surface fires. More intense crown fires 
emerged c. 89 Ma coincident with thicker 
bark and branch shedding, or serotiny with 
branch retention as an alternative strategy.
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These innovations appeared at the same time 
as the Earth’s paleoatmosphere experienced 
elevated oxygen levels that led to high burn 
probabilities during the mid-Cretaceous.



Karrikins enhance germination of Arabidopsis. 

Karrikins enhance germination of Arabidopsis. A, PD Ler

seeds after 5 d of imbibition on water (left) or 1 μm KAR
1

(right). B, Germination of PD Ler seeds imbibed on 10 mm 

KNO
3
, 1 μm KAR

1
, GA

4
, or EBR, or 10 μm ACC. C, 

Germination of PD Ler seeds after 7 d of imbibition on 1 

nm to 10 μm KAR
1
, KAR

2
, KAR

3
, or KAR

4
, GR-24, or GA

4
. 

D, Germination of B. tournefortii and the parasitic weed O. 

minor in the presence of GR-24 or KAR
1
. E, Germination 

of PD Arabidopsis ecotypes after 7 d of imbibition 

(except Cvi-0, which is shown at 14 d). Time courses of 

germination are shown in Supplemental Figure S1. F, 

Germination of progressively AR PD Ler seeds after 4 d of 

imbibition. G, Germination of PD Ler stratified (ST) for 3 d 
in the dark at 4°C or 10-month AR Ler seeds (AR) ± 1 μm

KAR
1
. The x axis indicates the time after transfer to 

continuous light at 20°C or the time of imbibition.



David C. Nelson et al. Plant Physiol. 2009;149:863-873

Responses of phytohormone mutants to KAR1. 
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A, Germination of aba3-2 on ABA with 

(black symbols) or without (white 

symbols) 1 μm KAR
1
. B, Germination 

of ga1-3 after a 3-d dark stratification 

at 4°C followed by 10 d in continuous 

light at 20°C. The medium was 0.5×

Murashige and Skoog salts (MS; 

contains nitrates) with 10 μm GA
4
, 1 

μm KAR
1
, 10 μm ACC, or 1 μm EBR. 

C, Germination of ga1-3 in the 
presence of 1 or 10 μm GA

3
± 1 μm

KAR
1
. D, Germination of sly1-10 and 

sly1-2 alleles.

GA SYNTHESIS
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David C. Nelson et al. Plant Physiol. 2009;149:863-873

Karrikins induce GA 3-oxidase and CP1 transcripts. 
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David C. Nelson et al. Plant Physiol. 2009;149:863-873

©2009 by American Society of Plant Biologists

KAR1 requires light to induce germination and does not enhance GA perception. 
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How long do karrikins remain in the soil?
Measurements of karrikins in soil are technically very
challenging but seed-germination bioassays can be used
to detect activity, one study suggesting that active
compound(s) can persist in the soil for over seven years
after a fire [7]. Karrikins are unstable in ultraviolet light
[6] so they might be expected to decay rapidly in natural
sunlight; however, smoke contains many aromatic
compounds that can absorb ultraviolet light and could
protect karrikins by acting as organic ‘sunscreens’. On
the other hand, karrikins can be washed away by rain
and elute through sandy soils relatively quickly, so
their concentration will steadily decline.
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What type of plants respond to karrikins?
Seeds from many different families of flowering plants
and conifers representing many plant life forms (trees,
shrubs, herbs, annuals) will respond to karrikins, and
many more respond to smoke, implying that the
karrikin response is widespread and may have evolved
independently in different groups [1]. Plants with
smoke-responsive seed are found in both fire-prone
and non-fire-prone environments. Most are dicotyledonous
plants but many grasses also respond to
smoke. Surprisingly, not only fire-followers respond
but also many weedy species, including agricultural
weeds
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