
PAST TOPICS

• Mitigation and Susiba2 rice

• Floodings

• Snorkel, Sub1 and RAP2.12 ERF VII

• Epigenetics and flowering time

• Epigenetics and drougth resistance

NEXT TOPICS:

• Seed biology and nitrogen nutrition
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• About 10 minutes per episode

• https://www.audacityteam.org/





• terrestrial and aquatic net primary 
production is in the range of 130 gigatons of 
carbon per year.

• The vast majority of this assimilated carbon 
is returned to the atmospheric CO2 pool via 
respiration. Hence, the natural global carbon 
cycle is nearly balanced.

• However, net anthropogenic annual carbon 
emissions are leading to an estimated 5.2 
gigaton increase in atmospheric CO2 in 2022

• 20–25% of GHGs are released through 
agricultural activities

• Methane is produced by rice paddy fields, 
livestock (via enteric fermentation and 
manure), and organic waste in landfills. 
Nitrous oxide emissions are an indirect 
product of the use of organic and mineral 
nitrogen fertilizers.



Good practices and novel technologies



Seed physiology
• Seeds are the delivery systems for 

agricultural biotechnology. High quality 
seed leads to excellent seedling 
performance in the field.

• Companies breed crop plants for seed 
production.

• Seed quality is a complex trait

• Dormancy of crop and horticultural seeds 
is an unwanted trait for horticulture.

• Companies develop seed technologies for 
agricultural and consumer benefit.
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https://www.accesstoseeds.org/index/global-seed-companies/ranking/





https://www.isiacademy.org/internships 

https://www.isiacademy.org/internships
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Fitness can be considered as the ability of species to survive and reproduce in the 

environment in which they find themselves and therefore the probability of surviving to the 

next generation.

Adaptation depends on phenotypic plasticity and genetic variation within populations
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TEMPERATURE
is a primary signal

Germination*
(seed to plant transition) 

Reproduction 
(plant to seed transition) 

PLANT FITNESS

* Temperature also affects depth of dormancy 
during seed maturation and during dormancy 
cycling in the soil following shedding
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Evidence for warming of the climate system resulting from anthropomorphic 

greenhouse gas emissions is now unequivocal (IPCC, 2014) 

Non-homogeneous at 
the day scale (min 
T°has encreased more 
than max T°)

biological spring is now 
earlier and biological 
winter is later
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Example of phenotypic plasticity

G X E
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Example of phenotypic plasticity

G X E



16

Example of phenotypic plasticity

G X E
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Seed dormancy: definition



Seed dormancy and germination
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Dry mature seed Imbibed mature seed Radicle protrusion

(NON DORMANT seeds)
Seedling

Reserve 
mobilisation

Germination

“A dormant seed does not have the capacity to germinate under 
environmental conditions otherwise favorable for its germination”

Baskin and Baskin, 2004



Primary and secondary dormancy
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DSDS50 (Days of Seed Dry Storage required to reach 50% of germination)
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If seeds drop into an environment 
that simply isn’t suitable, for example, 
it’s too dry or the seed hasn’t been 
buried properly, then it makes no 
sense to germinate.



Primary and secondary dormancy
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Thermal control both before and after shedding therefore 
determines when seeds germinate and the timing of seedling 
emergence in seasonal climates

This control is likely to be disrupted in the event of future 
climate change to impact upon plant regeneration from seeds

Compromised seedling emergence and vigor, and shifts in 
germination phenology are likely to influence population 
dynamics, and therefore, species composition and diversity of 
communities
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When can we consider a seed germinated?



What are the 
main factors 
influencing seed 
dormancy and 
germination?
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Seed dormancy and germination factors
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GA

ABA

Adapted from Bentsink and Koornneef, 2002

seed coat factors

Stratification

KNO3, GAs…
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The level (solid lines) and duration (distance 
between dashed lines) of cold stratification is 
changing currently and will likely continue to 
do so into the future (difference between 
green and red lines). The effects on 
stratification may vary among species 
dependent on their tolerance ranges (blue 
boxes) for temperatures required for 
dormancy loss. With a decrease in dormancy 
loss, seeds may be expected to remain 
dormant.
Directional selection may offset the effects 
from warming and shortening of winters. Since 
soil moisture is predicted to increase in winter, 
we would not expect a change in hydration 
levels of seeds to impact stratification.



Overview
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Phenotipic plasticity

Adaptation
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Seeds were collected from plants subjected to cool (20/15◦C; a, b) or warm (30/25◦C; c, d) 
temperatures during flowering and seed development. Plants were also either well-
watered (control) or subjected to a drought treatment during flowering and seed 
development.

There is an effect both during seed 
development and during seed 
maturation
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Parental plant growth environment could alter the state of seed dormancy, affecting the 
timing of emergence and seedling survival. In the context of climate warming, they evaluated 
the effects of pre- and post-dispersal temperatures on the seed dormancy release and 
germination requirements of alpine plants.
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parental environments can therefore facilitate the 

evolutionary divergence of life history patterns among plant 

populations

seed behavioral characteristics such as seed dormancy, 

germination phenology, longevity and persistence in the soil 

seed bank, which can also be influenced indirectly by seed 

mass. Temperature, water stress and nitrate in the maternal 

environment influence the phenotypic expression of all these 

seed characteristics
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A degree of environmental buffering may also occur in the soil seed 

bank.

Fenner and Thompson (2005) concluded that most evidence suggests 

that direct effects of global warming on the soil seed bank will be 

limited, but there may be large indirect effects of climate change on 

seed banks.

Such indirect effects may result from changes in the dormancy level 

and seed mass of newly dispersed seeds; this may alter the balance 

between the short-term and persistent seed banks. 
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Global resources

38

In the 1920s the Russian 
geneticist and botanist Nicolai 
Vavilov started systematically 
collecting and conserving 
genetic diversity as a resource 
for crop breeding, making ex-
situ (off-site) conservation part 
of the agricultural R&D system.



Svalbard Global Seed Vault

39

Currently, 774,601 samples are 
deposited at Svalbard by 53 
genebanks. We estimate that more 
than one third of the globally distinct 
accessions of 156 crop genera stored 
in genebanks as orthodox seeds are 
conserved in the Seed Vault.
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Multi-million dollar upgrade planned to 
secure 'failsafe' Arctic seed vault

“The whole reason for the Global Seed Vault 
in Svalbard in the permafrost area is it has to 
be self sufficient, in case of a really big 
disaster in the world,” he said. “[If] all the 
humans in the lower part of the world are 
destroyed, perhaps a 100 years later the 
survivors can come here and find the seeds. 
The seeds will be OK as they are in the 
[deep] permafrost layer. But as it is today, 
the whole entrance will be filled up with 
water and this will freeze and it will be 
blocked after a few years, so it will not be 
possible to get into the seed vault. There will 
be a big iceberg in the tunnel.”
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Other environmental variables can also impact plant 

growth, and seed characteristics (yield, size, dormancy) 

and may interact with the effect of increases in mean 

temperature; a principal one of these is nitrate 

availability. For example, the nitrate content in both 

soil and seed has an impact on dormancy in Arabidopsis 
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While carbon pollution gets all the headlines for its role in 
climate change, nitrogen pollution is arguably a more 
challenging problem. Somehow we need to grow more food 
to feed an expanding population while minimising the 
problems associated with nitrogen fertiliser use.

In Europe alone, the environmental and human health costs 
of nitrogen pollution are estimated to be €70-320 billion per 
year.
Nitrogen emissions such as ammonia, nitrogen oxide and 
nitrous oxides contribute to particulate matter and acid rain. 
These cause respiratory problems and cancers for people and 
damage to forests and buildings.

http://www.nine-esf.org/sites/nine-esf.org/files/ena_doc/ENA_pdfs/ENA_policy%20summary.pdf
http://www.nine-esf.org/sites/nine-esf.org/files/ena_doc/ENA_pdfs/ENA_policy%20summary.pdf
http://www.nine-esf.org/sites/nine-esf.org/files/ena_doc/ENA_pdfs/ENA_policy%20summary.pdf
https://www.epa.gov/pm-pollution/health-and-environmental-effects-particulate-matter-pm
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Nitrogenous gases also play an important role 
in global climate change. Nitrous oxide (N2O) is a 
particularly potent greenhouse gas as it is over 300 
times more effective at trapping heat in the 
atmosphere than carbon dioxide.

Nitrogen from fertiliser, effluent from livestock and 
human sewage boost the growth of algae and cause 
water pollution. The estimated A$8.2 billion damage 
bill to the Great Barrier Reef is a reminder that our 
choices on land have big impacts on land, water and 
the air downstream.

http://www.unep.org/yearbook/2014/PDF/chapt1.pdf
https://theconversation.com/the-8-2-billion-water-bill-to-clean-up-the-barrier-reef-by-2025-and-where-to-start-62685
https://theconversation.com/the-8-2-billion-water-bill-to-clean-up-the-barrier-reef-by-2025-and-where-to-start-62685
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Lost nitrogen harms farmers too, as it represents 
reduced potential crop growth or wasted fertiliser. 
This impact is most acute for smallholder farmers in 
developing countries, for whom nitrogen fertiliser is 
often the biggest cost of farming. The reduced 
production from the lost nitrogen can represent as 
much as 25% of the household income.

The solution to the nitrogen challenge will need to 
come from a combination of technological 
innovation, policy and consumer action.
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Nitrate: a limiting factor for plant growth

Low nitrate regime (3mM) Standard nitrate regime (10mM) 



Nitrogen cycle
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Nitrogen cycle
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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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parental environments can therefore facilitate the 

evolutionary divergence of life history patterns among plant 

populations

seed behavioral characteristics such as seed dormancy, 

germination phenology, longevity and persistence in the soil 

seed bank, which can also be influenced indirectly by seed 

mass. Temperature, water stress and nitrate in the 

maternal environment influence the phenotypic expression 

of all these seed characteristics



Nitrogen, nutrient and 
signaling
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Nitrate: a N source
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Nitrate: a limiting factor for plant growth

Low nitrate regime (3mM) Standard nitrate regime (10mM) 
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Nitrate: a signal for plant development

Zhang and Forde, 2000

Lateral root elongation

1mM NO3

local 
applications

-

ANR1, a transcription factor

important for NO3 control of 

lateral root growth
(Zhang and Forde, 1998)

-
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NO3: N source and signaling compound

NRTNO3 NO3 NO2 aaNH4

NIA1 
NIA2
NR

NII 
NiR

N compounds

ext int

• NO3 as N source: plant nutrition and growth

• NO3 as signal: root architecture and gene regulation

• NR deficient mutants: dissection of nutritional and 

signaling role of NO3

C metabolism
Plant 
Development 
(ex.: root architecture)

Plant 
Growth

-

-

- -- +

-

-



• (I) nitrogen deprivation of one part of the root 

system induces local synthesis of 15 amino 

acid CEP peptides, which are translocated to 

shoots via the xylem stream

• (II) CEP peptides are perceived in shoots by 

leucine-rich repeat (LRR)-receptor kinases 

(CEPR1 and CEPR2)

• (III) induction of two glutaredoxin genes in the 

phloem, named CEPD1 and CEPD2

• (IV) CEPD1 and CEPD2 are phloem-mobile 

signals that relay nitrogen-deprivation 

information to roots for upregulation of NRT2.1



Nitrate act as a signal and not only as a 
nutrient for plants
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Nitrate contents in Col0 seeds 
produced under various NO3

regimes:
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Maternal effect
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Low NO3 Germinating 
Seeds

High NO3Dormant 
Seeds

Unfavorable environmental 
conditions

Favorable enviromental 
conditions

Dormancy regulation by nitrate is part of plant adaptation to 
its environment.

High 
NO3

- -



More nitrate -> less dormancy

at hormone level, what do you expect?
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ABA content of seeds treated with endogenous 
nitrate.

ABA content of seeds treated with exogenous 
nitrate.



• ELISA • HPLC



More nitrate -> less ABA
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How does nitrate break seed dormancy?

compare dormant versus non-dormant

What conditions can you choose?

67
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Transcriptomics of various conditions

Exogenous effect
• w = water
• NO3 = nitrate in the 

germination medium

Endogenous effect
• C10 = WT mother plant watered 

with 10mM nitrate
• C50 = WT mother plant watered 

with 50mM nitrate
• nia10 = nia1nia2 mutant plant 

watered with 10mM nitrate 

Published array data (second to sixth columns):
• nitrate provision to starved plants
• comparison of Ler seeds imbibed at 4C and 22C 

imbibed seeds
• nitrate-treated primary dormant Cvi seeds 

afterripened for 91 d and then imbibed for 24 h in 
the light compared with the same seeds imbibed 
in the light without nitrate

• cold-treated primary dormant Cvi seeds 
afterripened for 117 d compared with 20C imbibed 
primary dormant Cvi seeds in the dark

• after-ripened Ler seeds imbibed for 24 h 
compared with freshly harvested Ler seeds 
imbibed for 24 h (Carrera et al., 2007; Ler AR 
versus Ler D).



More nitrate -> less ABA

what ABA-reated genes could be of interest?
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Transcriptomics of various conditions
qRT-PCR 
validation

CYP707a2 is 
involved in 
ABA 
breakdown

Exogenous effect
• w = water
• NO3 = nitrate in the 

germination medium

Endogenous effect
• C10 = WT mother plant watered 

with 10mM nitrate
• C50 = WT mother plant watered 

with 50mM nitrate
• nia10 = nia1nia2 mutant plant 

watered with 10mM nitrate 
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CYP707a2 is involved in dormancy release

CYP707a2 is involved 
in nitrogen sensing

«Endogenous nitrate», nitrate 
given to the mother and 
accumulated in the embryo 
during maturation

«Exogenous nitrate», nitrate given to 
the seed in the germination medium

DSDS50 = number of days of 
seed dry storage necessary 
to obtain 50% germination
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CYP707a2 is involved in dormancy release

CYP707a2 is involved 
in ABA breakdown
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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.

82

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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NO has also a strong effect in releasing seed dormancy
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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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