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Meadows grow from the surface to 35 m depth

.:' Light availabiley
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 Meadows experience different light quantity and quality along their distribution.
e The same genotype can experience differences in light from 50 to 1000 uk.
* Plants also experience strong differences in temperature when thermocline is

stable
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https://www.esa.int/spaceinimages/Images/2008/10/Mediterranean_sea_surface_temperature

 Meadows experience different light quantity along their distribution.
* Plants experience strong differences in temperature associated to strong
differences in SST
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Seagrasses and environmental changes

The marine biota is threatened by global climate change and direct human pressures

Consequences of Global Climate Change Map of cumulative impact
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from Micheli et al 2013. Plos One
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from Reusch and Boyd 2012. Evolution

Seagrass ecosystems are declinig worldwide due global changes and to direct human
pressures (e.g. urbanisation, discharges, harbour development, boating activities,
tourism facilities)



Indicators of changes and state

Genetic approaches to seagrass conservation

ecosystem state
(seagrass potential for
resistance and
resilience)
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Genetic diversity and connectivity
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Genotypic diversity

Genetic diversity (# alleles)

Genetic diversity (Ho)
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Role of genetic variation

Disturbance and Diversity

19 threats

56 meadows

12 microsatellites
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Role of genetic variation and structure

Analysis conducted with 24 microsatellite loci. Four outliers loci related to depth and two
outlier loci related to latitude were identified.

DAPC

Northern and southern and shallow and deep meadow stands appear to be
genetically distinct

Jahnke et al. 2019 Heredity



Genetic structure at a meadow scale

Microsatellites based analysis identified clear genetic
distinction between plants growing above and below the
summer thermocline (~ -15m)

Genet|c d Table 2 MRPP test for identity of a prior defined groups. Both  |Ste ring
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Indicators of changes and state

Genetic approaches to seagrass conservation

Indicators for detecting
response to changes in
drivers

Analysis of gene
expression for selecting
early warning indicators

Epigenetic, transcrptional or post-

Environment transcriptional regulation

' rd N\

—» Phenotype

Signal —® Receptor —® Signal cascade
(e.g. light) (e.q. (e.g. induction of {e.g. synthesis of
photorecaptor) transcription anthocyanin)

factors)



P. oceanica differential response along gradients

Difference in gene expression along depth
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Shallow and deep plants have a different capability to respond
to a simulated temperature increase (heat wave)

P. oceanica differential response along gradients

Difference in gene expression

along depth
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P. oceanica differential response along gradients

Long term exposure to heat stress of plants from a latitudinal gradient (24 libraries — lon
Torrent) P. oceanica - C. nodosa
SAMPLING:

* PAM: weekly

* Mortality: weekly

« Antioxidant activity: T2 & T3

o Carbohydrates: T2& T3

» Photosynthesis & Respiration: T2 & T3
* Pigments: T2 & T3

 Growth: T2& T3

* Morphology: T2 & T3
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P. oceanica differential response along gradients

Posidonia oceanica
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Stress response to warming
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Stress response to warming

Flowering induction starts
already after two weeks of
warming
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Stress response to warming
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Altered expression levels of several
transcriptional factors, photoperiodic-genes and
gene familes, which regulates flowering time
by modulating the photoperiod pathway

Colder environment

Plants invest energy in
the response to stress

Favours
Spreading

(seed dispersal)
+ Settlementin favourable environments
* Increased population connectivity
* Re-establishmentin degraded meadows

Stress-induced

flowering

Enhances Accelerates

Tolerance/Resilience

Genotypic diversity enrichment
Genetic variability increment

Phenotypic plasticity enhancement
(epigenetic madifications)

Adaptation

Stress-tolerant genotypes selection
Gametophytic selection

Stress memory
(i.e. Inheritable epigenetic modifications)
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Mutiple stressors and early warning indicators

EXPERIMENTAL DESIGN APPROACH

FACTORS lght
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Effects of CO2 and nutrient supply on plant performance

NORMAL pH

Normal seagrass productivity
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Higher antioxidants response
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The multiple regressions conducted with morphological,

Early warning indicators

antioxidant, isotope, and genetic covariates explained

the 27.8%, 36.4, 33.2 and 60.6 (Adjusted R2 values) of

the variance in shoot survival, respectively

Variable Stressor effect  Association
to survival

Epiphyte load TN 1B Very high

Necrosis TN 1B -

Leaf growth rate TN Low

ORAC No Ha Medium

TEAC TN -

Phenolics IN|B High

Leaf 6*S No effect Medium

GADPH No Ha -

HSP90 No Ha -

PGK |B -

psbA No Ha -

CA-chl |B Very high

ATPa TB Low

The positive estimate of Ca-chl suggests that
overexpression of this gene at week 3 is
positively correlated with shoot survival at

week 11

The chloroplast carbonic anhydrase (CAchl)
catalyzes the conversion of HCO3 into CO2

0.00000 | s—)

Effect Estimate SE tvalue p value
Morphological/growth
Epiphyte load — 0.00365 0.00104 —3.50 0.00193
Shoot biomass - 0.17576 0.10531 - 1.66 0.10869
0.06651 0.03766 1.766 0.09066
F1,3=4.33 pvalue 0.0146
Physiological and biochemical (antioxidant)
ORAC - 0.0004 0.00013 —3.045 0.00557
Phenaglj 0.0007 0.00021 3.697 0.00113
F, ,, = 8.45 p value 0.0016
Physiological and biochemical (isotopes)
Leaf N —-0.4591 0.2735 - 1.678 0.1075
Leaf 5"°N -0.1782 0.1195 —1.491 0.1501
Leaf § —0.5854 0.4482 —1.306 0.2050
Leaf 58 0.0627 0.0266 2.356 0.0278
F; 3, =4.23 pvalue 0.0108
I CA-chl 0.0546 0.00972 5.623
ATPa -0.0216 0.01205 - 1.79% 0.08510

Chdjusted R* = 0.6056 ) F,,, = 20.96 p value 0.0000

Ceccherelli et al. 2018 Oecologia

84% of the variation in shoot mortality

explained by the model




Overall conclusions

Genetic diversity matters in responding to adverse conditions

Seagrass meadows are locally adapted to existing environmental
conditions

Reaction norm and response plasticity depend from the
environmental conditions plants experience in their distribution

areal

Flowering is a stress response allowing plants to escape from
adverse conditions

Target genes can be used as early warning indicators
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