WG2 - Evaluation and analysis of WG1 information (e.g. genetic diversity maps per species/populations,
methodology for evaluation of FGR diversity, compilation of databases of relevant institutions, genetic material,
trials and networks, gaps of information). Standardization of methods. Meta-analysis of the data to identify common
and divergent trends of FGR response to global change.

Coordinator: Giovanni Giuseppe Vendramin (IT)

Co-coordinator: Paraskevi Alizoti (GR)

Participants (averaged): 24

Deliverables assigne to the WG2

Maps of the present variation of the WG2, WG1

main genetic parameters related to » metadatabase for species/populations studied for neutral and adaptive
erosion - extinction risks by genetic variation (based on contributions of WG2 participants).
species/populations (D5). A Data base including genetic data for all the selected species (Pinus

halepensis, P. pinaster, P. nigra, P. pinea, P. sylvestris, Picea abies, Abies
alba, Fraxinus excelsior, Fagus sylvatica, Quercus robur/petraea and Taxus
baccata) has been created. The data base includes genetic data obtained
using different molecular markers (SSRs and SNPs), which have been
standardized, and geographic coordinates. For all the species and
populations for which genetic data are available, geographic and ecological
marginality indices have been estimated.

Genetic indexes were also considered together with WG1 for erosion risk
evaluation:
file:///C:/Users/User/Downloads/WG-1-Methods-definitions-marginality-
indexes-FD.pdf (restricted area)

» revision of arc-gis maps of the populations/species of interest studied for
neutral markers/adaptive traits after including new data received from the
participants on conservation status and population marginality

Predictive maps of changes in the WG2, WG1-

distribution, composition and COMPLETED ACTIVITIES:

structure of some selected species in w Selection of pilot species for studying MaPs (based on the Meta-Database
relation to climate change scenarios and the contributions of WG2 participants).

(D6); http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-

Metadatabase-Neutral-markers-ABIES-ALBA.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
Metadatabase-Neutral-markers-FRAXINUS-EXCELSIOR.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
Metadatabase-Neutral-markers-QUERCUS-PUBESCENS.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
Metadatabase-Neutral-markers-QUERCUS-ROBUR.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
Metadatabase-Neutral-Markers-QUERCUS-PETRAEA.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
Metadatabase-Neutral-markers-PICEA-ABIES.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
Metadatabase-Neutral-markers-PINUS-NIGRA.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
Metadatabase-Neutral-markers-PINUS-SYLVESTRIS.pdf

http://map-fgr.entecra.it/wp-content/uploads/2013/07/WG2-Populations-
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w+ In collaboration with WG1: Validation of MaPs on species distribution maps
based on the WG2 Meta-Database information and contributions of the
WG2 participants. Preliminary sample Maps were produced for the mains
species of interest. file:///C:/Users/User/Downloads/WG1-Marginality-
paperv0l-and-maps-FD.pdf (restricted area)

Report on scientific and technical
information on the potential effects
of climate change on FGR including
analysis of existing comparative
genetic trials (D7);

WG2 —to be performed at the end of the third year. Analysis of exposure to climate
change of two Mediterranean species. Possibility of expanding for other species.

Using the data of the selected species, different hypotheses have been tested. In
particular, the genetic diversity and the genetic structure of marginal versus core
populations, as well as refugial versus expanding populations, have been monitored
and compared. Different levels of genetic diversity have been observed in marginal
versus core populations, and significant correlations between diversity and ecological
marginality index have been observed in some species (work still in progress).
Similarly, different characteristics of the within-population genetic structure has been
observed in marginal populations. Gene flow patterns in marginal populations has
also been assessed in some of the selected species. For Abies alba, the analyses,
focused on two silver fir stands in central Apennines, where the species has a highly
fragmented distribution, have been finalised and a manuscript describing these
results is currently pending minor revision in Tree Genetics and Genomes.
Fragmented populations attheedgeso f a speci es’ di stri
to the loss of genetic variation, unless sufficient gene flow maintains their genetic
connectivity. Gene movements leading to successful establishment of external
gametes (i.e. effective gene flow) into fragmented populations can solely be assessed
by investigating the origin of natural regeneration. By using nuclear and chloroplast
microsatellite markers, we investigated genetic variation, fine-scale spatial genetic
structure, effective gene flow rates and large scale connectivity characterizing both
stands. Similar levels of genetic variation and low genetic differentiation between
stands (Fs;=0.005) and across generations were found, coupled with low inbreeding
and weak to absent SGS in the adult cohort (Sp<0.003). On the other hand,
substantial differences between the two stands in terms of gene flow rates were
observed. Irrespective of the parentage approach used, higher gene flow rates were
found in the stand located at the upper silver fir altitudinal limit, especially for seed
mediated gene flow (0.79 in the upper stand vs. 0.48 in the lower stand). Conversely,
the lower stand was characterized by a higher reproductive dominance of local
adults. Our findings showed that different parentage approaches provide consistent
results indicating distinct gene flow and mating dynamics in two genetically
homogeneous silver fir stands located only 1 km apart. At the upper altitudinal limit,
regeneration was highly influenced by external dynamics, whereas at the lower
altitudinal limit it seems more affected by local reproductive events. Despite
differences between stands, the estimated rates of effective gene flow were
substantial, both by pollen and seeds. Such intense gamete exchange can be effective
in contrasting the negative genetic consequences of habitat fragmentation and
marginality in the studied area, providing genetic connectivity with surrounding
populations and preventing the loss of genetic variation. Finally, the maintenance of
large scale genetic connectivity may allow the establishment of new alleles in the
population gene pool increasing the adaptive potential of marginal populations to
face changing conditions.

Gene flow from plantations of nonlocal (genetically exotic) tree provenances into
natural stands of the same species is probably a widespread phenomenon, but its
effects remain largely unexamined. We investigated early fitness consequences of
intraspecific exotic gene flow in the wild by assessing differences in survival among
native, nonlocal, and F1 intraspecific hybrid seedlings naturally established within
two native pine relicts (one of Pinus pinaster and the other of P. sylvestris) inhabiting
marginal xeric environments surrounded by nonlocal plantations. We obtained
broad-scale temporally sequential genotypic samples of a cohort of recruits in each
pine relict, from seeds before dispersal to established seedlings months after
emergence, tracking temporal changes in the estimated proportion of each parental
crosstype. Results show significant proportions of exotic male gametes before seed
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dispersal in the two pine relicts. Subsequently to seedling establishment, the
frequency of exotic male gametes became non significant in P. pinaster, and dropped
by half in P. sylvestris. Exotic zygotic gene flow was significantly different from zero
among early recruits for P. sylvestris, decreasing throughout seedling establishment.
Seedling mortality resulted in small late sample sizes, and temporal differences in
exotic gene flow estimates were not significant, so we could not reject the null
hypothesis of invariant early viability across parental cross types in the wild

List of most endangered/diverse WG2, WG3, WG1 — Deliverable achieved for the following species:Abies albaFagus
species and populations and those sylvatica, Picea abiesPinus brutia, Pinus halepensis, Pinus nigra Pinus sylvestris
key for the future of the EU forest Pinus pinea, Pinus pinasteQuercus petraea, Quercus robur, Fraxinus excelsior.
sector under global change (D8); WG3 (see the above databases).

- Prepared a STSM report in the framework of WG3: by B. Fady and Nadine Wazen
t i t &Geegrhphit distribution of 24 major tree species in the Mediterranean and
their genetic resources. Rttp://map-fgr.entecra.it/wp-
content/uploads/2013/07/STSM final-report Nadine-Wazen.pdf

Identification of most relevant WG2, WG1, Wg3, WG4 — A list of relevant species was established.

species (D8.1) Species of interest for adaptive genetic variation: Fagus sylvatica, Abies sp. , Picea
abies, Pinus halepensis/brutia, Pinus pinea, Pinus nigra

Species of interest for neutral markers:_Fagus sylvatica, Fraxiunus excelsior, Picea
abies, Abies sp., Quercus robur, Pinus nigra, Pinus halepensis/brutia, Quercus petrea .

Preliminary RESULTS — CORRELATIONS BETWEEN GENETIC DATA AND MARGINALITY INDICES
By Andrea Piotti, Celeste Labriola, Giovanni Giuseppe Vendramin

An approach based on single correlations between genetic and marginality parameters is potentially affected by
several drawbacks. First, it implies that marginality might be determined by genetic characteristics and this is not the

case. Second, the variance in genetic parameters explained by one independent explanatory variable is not removed

when testing the other ones. Third, correlation analysis does not take into account potential relationships between
explanatory variables.

So we have analysed the Fagus sylvatica, P. pinaster and P. halepensis datasets with multiple regression including

l ongitude and | atitude (which might be seen as pro
distribution) and ecological and geographic marginality indexes as independent variables to assess their influence on

Ar, He and Fis (tested separately).

In the following, we illustrate the procedure for the Fagus sylvatica dataset, which has the advantages of

1) high number of data, and

2) good coverage of the species distribution. This allows to better explore the influence of all independent variables,

and t heir i nteractions, on genetic par ameter s, an
assumptions.

We used the Im function in R for fitting a linear model, followed by a by-hand simplification of the model based on

type I ANOVA (Anova f uncti oncari npadckag'we) t o deci de, based
variables/interactions to be dropped. In case of significant interactions, both the variables involved were kept in the

final model besides their statistical significance as single variables.

As an example, when testing Ar for the Fagus dataset, we started from the model:

Im(ar ~ (lon+lat+dist.centroid+dist.border.m+Env.index)"2, data=ca.df)

[ (var 1+var 2+, bgsitleR singteavariablss, alkolseaohd-order interactions were tested; Env.percentile
was excluded because of multi-colinearity, i.e. high correlation with Env.index]

Type Il ANOVA shows the relative importance of each independent variable after the residual sums of squares from
the other variables have already been accounted for statistically.

Anova(lIm(ar ~ (lon+lat+dist.centroid+dist.border.m+Env.index)"2, data=ca.d f), type=2)
Anova Table (Type Il tests)

Response: ar

Sum Sq Df F value Pr(>F)

lon 0.03537 1 7.7656 0.0058275 **

lat 0.00362 1 0.7957 0.3734313

dist.centroid 0.00048 1 0.1057 0.7454311
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dist.border.m 0.00699 1 1.5339 0.2169482

Env.index 0.06342 1 13.9251 0.0002466 ***
lon:lat 0.01767 1 3.8797 0.0502262 .

lon:dist.centroid 0.00006 1 0.0140 0.9057749
lon:dist.border.m 0.00153 1 0.3353 0.5631867
lon:Env.index 0.00681 1 1.4953 0.2228107
lat:dist.centroid 0.00373 1 0.8186 0.3666566

lat: dist.border.m 0.01566 1 3.4391 0.0651153 .
lat:Env.index 0.00929 1 2.0394 0.1547954
dist.centroid:dist.border.m 0.00331 1 0.7266 0.3949726
dist.centroid:Env.index 0.01566 1 3.4377 0.0651696 .
dist.border.m:Env.index 0.00383 1 0.8416 0.3600091
Residual s 0.92916 204

Signif. codes: 0 *** 0.001 ** 0.01*0.05.0.11

So, ‘updating’ the most complex model by subsequent
relevant variables (if not involved in interactions maintained in the model), we got the final, most parsimonious
model to explain the variance in Ar:

Anova(ar.Im, type=2)
Anova Table (Type Il tests)
Response: ar

Sum Sq Df F value Pr(>F)

lon 0.12905 1 26.9251 4.883e - Q7 ***

lat 0.00432 1 0.9017 0.3434

Env.index 0.11953 1 24.9391 1.223e - 06 ***
lon:lat 0.15443 1 32.2203 4.424e - 08 ***

Residuals 1.03046 215

with the following coefficients:

Coefficients:

Estimate Std. Error t value Pr(>[t])

(Intercept) - 0.7329780 0.4533815 -1.617 0.107

lon 0.1306635 0.0219935 5.941 1.13e - 08 ***

lat 0.0518262 0.0095273 5.440 1.45e - Q7 ***
Env.index  0.0010478 0.0002098 4.994 1.22e - 06 ***
lon:lat - 0.0026539 0.0004675 -5.676 4.42e - 08 ***

Ar increases with longitude (from West to East) and with the value of the Env.index, as clearly showed by partial

regression plots [red line: median effect; orange lines: 95% Cls, black dotted line: smooth interpolation; grey dots are
partial residuals, see http://www.clayford.net/statistics/tag/termplot/ for details].

Fs — Ar ~ Env.index Fs - Ar ~ lon
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Representing the effect of the lon*lat interaction is a little bit trickier, but it is possible to include it explicitly into the



model introducing, as a new variable, the product between lon and lat (ar ~ lon + lat + Env.index +
lonlat, data=ca.df ). This way it’'s possible to get a partia
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And this should roughly mean that, removed the effect of longitude per se, Ar is higher at lower latitude AND lower
longitude.
Please note that, by comparing regression results with the ones from single correlations analyses, it is easy to see
macroscopic differences that could lead to misinterpretation of the detected patterns (see the plot in the next page).
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Back to regression results, the same approach was used for Fis and He. Variance in Fis resulted poorly explained by
response variables, only lon was marginally significant:

Anova(fis.Im,type=2)

Anova Table (Type Il tests)
Response: fis

Sum Sq Df F value Pr(>F)

lon 0.01164 1 3.1291 0.07831 .
Residuals 0.81126 218



The best model for He was a little bit more complicated than the one for Ar, and this is probably related to the fact
that the geographic patterns of Ar and He are not similar in Fagus (Comps et al. 2001 Genetics). Therefore, the
interpretation of He results requires an additional effort and we report below only the table with ANOVA results.

Anova(he.Im,type=2)

Anova Table (Type Il tests)

Response: he

Sum Sq Df F value Pr(>F)

lon 0.001794 1 5.5018 0.019930 *

lat 0.007815 1 23.9711 1.948e - 06 ***

dist.centroid 0.000556 1 1.7038 0.193214

dist.border.m 0.000122 1 0.3752 0.540848

Env.index 0.002051 1 6.2895 0.012902 *

lon:Env.index 0.002480 1 7.6080 0.006323 **

lat:dist.border.m 0.002367 1 7.2592 0.007624 **
dist.centroid:dist.border.m 0.005895 1 18.0822 3.184e - Q5 *xx
dist.centroid:Env.index 0.00147 6 14.5284 0.034502 *
Residuals 0.068466 210

Some difficulties came up when we encountered the small number of populations in Pinus halepensis data set,
running the same analysis as for Fagus sylvatica both for SSRs and SNPs data set.
Using SSR dataset, multiple regressions seemed not promising and probably affected by outliers and the scarce
number of observations. As an example, here we report the partial regression plots (above described) of the most
parsimonious model when analysing He: Im (He ~ lat+dist.centroid+dist.core.km).

Phi- His - lat Ph— He - dislcamrok] PR - His - dsbcoraim

\

I
//'
[
I
\
\
\

T T T
= ) ) 39000 00 000 55000 s4000 Tooes

015

TN
Wl
W18
\
\
\
\

a1t sanna detenn b

As you can see, in the left plot (He ~ lat) the points are few and scattered around the regression line. In the middle
plot He ~ dist. centroid the regression is driven by some outliers. This is probably due to the small number of
observation (27 populations).

For this reason, we decide to run these preliminary analyses only with SNPs data, which accounts for 40 populations
with both genetic and marginality indexes.

We run analysis for Allelic richness (Ar), Expected heterozygosity (He), Fixation index (Fis).

However, the following results has to be interpreted with caution considering that, although the SNP dataset is
larger than the SSR one, we are still dealing with only 40 data.

Allelic richness slightly increases with the two variables that determine the position of the population within its
corresponding core, i.e. size.core (size of the core patch) and distance.core (distance to the border of the core). If we
correctly interpret these 2 variables, it should mean that:

- the bigger the core patch is, the higher Ar the population has (a fragmented or isolated population shows lower Ar);

- the bigger the distance from the border of the core is, the higher Ar the population has (a more central population
in the core patch shows higher Ar).

Sum Sq Df F value Pr(>F)
size.core.ha  0.007433 1 6.960907 0.012116
dist.core.km 0.009684 1 9.068675 0.004667

Residuals 0.03951 37
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The same trends and the same relevant marginality variables emerged from the multiple regression for Expected

heterozygosity.
- the bigger the core patch is, the higher He the population has (central population shows higher He);

- the bigger the distance from the border of the core is, the higher He the population has (peripheral population in

the core patch shows lower He).

Sum Sq Df F value Pr(>F)
size.core. 0.007433 1 6.960907 0.012116
ha
dist.core.  0.009684 1 9.068675 0.004667
km
Residuals  0.03951 37
Ph - He ~ size.core.ha Ph - He ~ dist.core.km
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For Fixation index, the model was so simplified that in the end it is a simple linear regression among Fisand
longitude. Fis increases with longitude, from West to East.

Sum Sq Df F value Pr(>F)

lon 0.037877 1 7.504963 0.009318
Residuals 0.191786 38




Ph - Fis ~ lon

0.2
\

Partial for lon
0.1

0.0
1

T T T
5 0 5 10 15 20 25

lon

Some final remarks:
- altogether we think that this multiple regression approach is promising (and much better than single correlations),
but it s pr ctirtamorking onlaegdé datasets (Ricen, Abies, Taxus???) to find solid common and/or
contrasting patterns

- from these preliminary analysis it seems that Fagus sylvatica genetic diversity is mainly driven by a longitudinal
effect and environmental marginality, whereas in Pinus halepensis it is mainly related to geographic marginality. This
is open to discussion

- we tried to run the same analyses on the P.pinaster datasets, but we need to harmonise genetic data and
marginality index in order to increase the number of populations. For some pops, SSR and SNP data but not
marginality indexes are available (A Tabuyo del Monte, Sinarcas, Sierra Calderona, Cazorla, Tabarka). We will send
details to Maje to see iif it 'esstaq@sossi ble to have

- Env.index and Env.percentile are highly correlated, so they cannot be included in the model together due to multi-
collinearity. What is the best choice between the 2 indexes? Which one is more biologically meaningful and/or easier
to interpret?

- Diagnostic statistics for model fitting should be carefully checked, for Fagus sylvatica they are not bad (see below):

t

he
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