UNIVERSITA DEGLI STUDI DI PADOVA
DIPARTIMENTO DI BIOLOGIA

Corso di Laurea in Scienze Naturali

ELABORATO DI LAUREA

Post-genomic era sheds light on Goethe’s Palm
origins (Chamaerops humilis L.)

Tutor: Prof. Francesco Dal Grande
Dipartimento di Biologia

Co-tutor: Dott.ssa Nuria Beltran-Sanz

Centro di Ateneo Orto Botanico Universita di Padova

Laureanda: Agnese Di Marzio

ANNO ACCADEMICO 2022/2023






TABLE OF CONTENTS

1. INTRODUCTION ...ccuiisuinrursensnnssanssesssnssssssessasssssssssssssssssssssssssassssssssssssssassasssas 3
2. MATERIALS AND METHODS ......coovininruinrensinseissenssnssssssessssssssssessssssssssssss 8
2.1 DNA isolation and long-read Genome SeqUeNnCINg...........cccuveerveeerveeerveenns 8
2.2 C. humilis genome assembly ...........coceeveriiiriiniiiiinieeneeceeceeee e 10
2.3 Inferring the origin of Goethe’s palm.........ccccccceeviiniiiiniiniiniiicee 11

3. RESULTS oiiticiiiecnicnnsesssecssissssssesssissssssssssisssssssssssssssssssssssssssssssssssssssssss 13
3.1 PacBio sequencing and genome assembly ............ccccevvieriieiiienieenieennae, 13
3.3 GENOME COMPIELENESS .....vveeeieeeiieiieeieeriie et eiee et ete et eereeseaeeseeeeee e 13
3.6 DAPC TESULLS ..ottt 14

4. DISCUSSION ..uuuiiuiriisuicsnicsesssnsssnssssssessssssssssssssssssssssssssssssssssssssssssssssssssassssssss 15
4.1 C. humilis draft asSEMDLY .........covviiieiiieieeee e 15
4.2 Shedding light on Goethe’s Palm’s origins........ccccceceeverienienennenieneenens 18

5. CONCLUSIONS cuuiiiirticseicnnsnecsaessssssncssecsssssesssessssssesssessasssasssssssessassssssasssasses 21
6. BIBLIOGRAPHY ....ccouinnuininnninsanssensansssnsssssssssssssssssssssssssssssssasssssssssssssssssasssss 22
6.1 Reference on sources of the teXt........ccoevieriiieniiiiieniieiee e 22
6.2 Reference on sources of the IMages .........ccoceeveriereiienicnicncnicneeiceee 27

DN i i D0 D 5, N 28
1. SSR Goethe’s Palm merged with Giovino’s Dataset.........c..ccoceveeuennnnne. 28

2. Script used for DAPC analysis.......cccceeeuiieriiiieniiieeniieeeiee e eeiee e 37
3. Missing results from BUSCO assessment ..........ccccceeeeveeerieeenieeenieeenneenns 38



ABSTRACT

The increasing development of the post-genomic era is becoming more and more
reliable among the scientific research field. In particular, reference genomes are
acquiring great importance for the conservation of biodiversity. In this regard, one
of the aims of this study was to obtain a first draft genome of the non-model palm
species Chamaerops humilis L. Pursuing this goal drove our research to better
understanding the origin of the C. humilis specimen present in the Botanical Garden
of Padua. This last aspect has been of great importance due to the great cultural and
historical significance of this individual, better known as the Goethe’s palm. Our
results provided us with a fragmented but quite complete genome; moreover, it
helped us to understand that Goethe’s palm belongs to the western part of the C.
humilis clusters found among the Mediterranean Basin. In particular, we relied on
the information provided by ten microsatellites found across the genome. These
have been merged and compared to the Giovino’s et al. 2023 dataset. From now on,

we only have to wait to see what future studies will reserve for us.



1. INTRODUCTION

After the death of the chaste tree (1984), Goethe’s Palm, Chamaerops humilis L. -
the Mediterranean dwarf palm - became the oldest plant in the Botanical Garden of
Padua. Despite the epithet “dwarf”, it is known as Chamaerops humilis L. var.
arborescens (Pers) Steud. as its stalks reach 10 metres in height (“Mediterranean

palm | OrtoBotanico di Padova,” n.d.).

This individual was planted in
the Botanical Garden in 1585 (“La
gigante nana dell’Orto botanico,” 2019).
C. humilis displays great morphological |
variability and ecological plasticity
(Giovino et al., 2014). It is called
Goethe’s palm as it inspired the romantic
German poet Johann Wolfang von
Goethe to formulate the theory and the

relative  work “Metamorphosis  of

plants”, based on the observations of the |

palm’s leaves polymorphism where
Figure 1. Chamaerops humilis L. “Tavola VII

basal-young leaves have whole sheets 4114 da Piante del R. Orto botanico di Padova
" Century XVIII-XIX, tempera on paper, (525mm
x 370mm), Biblioteca Orto Botanico O.f.g. 42.
becoming gradually palmate (Figure 1). Image taken from
https://phaidra.cab.unipd.it/o:25941

while higher leaves start splitting,

Despite its  cultural value, no
information has been retrieved to shed light on its provenance.

Chamaerops humilis is one of the two European native palms, together with
Phoenix theophrasti Greuter (Vardareli et al., 2019), and it is the only native palm
in the West Mediterranean region (Garcia-Castano et al., 2014). C. humilis
originated in the Western-Central Mediterranean Basin and then separated from
Trycarpus during the Miocene in a frame of 8.32-5.83 Ma years ago (Garcia-
Castafio et al., 2014; Giovino et al., 2020). In particular, data seems to suggest a

first biogeographical divergence between East of Spain and Italy. Subsequently,
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from Italy populations the palm expanded southward to Sicily, up until Tunisia and
Morocco, reaching the High Atlas. Finally, C. humilis settled westward and
northward returning to Peninsula Iberica (Garcia-Castafio et al., 2014).

This plant belongs to the Arecaceae family and it is the only species of the
genus Chamaerops. It is an evergreen and usually small palm, even though there
are many morphological variants, for example with palmated highly-lobed leaves.
It is diploid (2n=36) and dioecious with rigid panicles constituted by little yellow
flowers, usually pollinated by weevil species or coleopterans attracted by the scents
released by the leaves (Guzman et al., 2017; Mai, 1989). Fruits are fleshy reddish-
yellow poly drupes (grouped in 1-3 drupes) and the dispersion of seeds is mammal-

mediated. (Figure 2) (Guzman et al., 2017). It is well adapted in arid and semi-arid

environments and it can adapt to harsh conditions as it is highly resilient. (Giovino

et al., 2020).

Figure 2. C. humilis subsp. humilis Palm and fruits. Image taken from
https.//dryades.units.it/asinara/index.php ?procedure=taxon _page&id=7844&num=5399

=

The genetic structure of this species has been recently investigated by
Giovino and collaborators (Giovino et al. 2023). Using 10 SSR (Simple Sequence

Repeat) loci, the authors found out that populations are distinguished into two main
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genetic clusters. In particular, the western cluster groups together populations from
Spain, Portugal, Algeria and Morocco, while the eastern one comprises populations
from Italy, Tunisia and France. Furthermore, they could observe that spatial
proximity is associated with specific genetic structures; in particular, the eastern
part of the distribution appears to be characterised by a low polymorphism and
genetic variation (Fig. 3). This is probably due to the lower connectivity and
geographical proximity among the eastern populations, likely caused by some
biogeographical changes, such as the Mediterranean salinity crisis (6.0-5.3 Ma
years ago), the Quaternary glaciations (ca 2.5 Ma years ago) and the subsequent
weakening of this species diffusion (Garcia-Castafio et al., 2014; Guzman et al.,
2017). On the other hand, the populations from higher northern-Morocco and
southern-Spain are connected via a higher gene flow (Giovino et al., 2023; Guzman

etal., 2017).
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Figure 3. The figure represents the genetic landscape analysis for 42 populations of Chamaerops
humilis, based on variation for ten microsatellite loci (from Giovino et al. 2023). Red areas
represent lower distance by genetic relationship and more genetic variation, compared to green
areas. Yellow areas show intermediate relationships.

Chamaerops humilis is widely found across the Mediterranean Basin even
though its range appears to be in a continuously declining trend. However, it has

been classified by the IUCN red list as least concerning species (Errol Véla
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(University of Montpellier and Lauren Gardiner (Cambridge University Herbarium,
2016) and it is often present in large populations. The causes of this trend mostly
refer to the increasing presence of urban settlements and anthropic disturbance such
as fire, trade of invasive plants, which could compete in C. humilis natural
environment, its plant and seed collection for ornamental use, etc. Concerning this
latter aspect, both natural and cultivated specimens are used for ornamental
purposes. Indeed, this practice can cause genetic contamination between wild and
domesticated individuals (Giovino et al., 2014), as well as fragmentation of natural
population and habitats. Overall, since ancient times C. humilis has always had a
great economic value for local trades and activities such as food sources or
handicrafts products (Guzman et al., 2017; “Palma di S. Pietro | OrtoBotanico di
Padova,” n.d.).

Given the constantly decreasing biodiversity and loss of locally adapted
populations caused by the accelerating environmental changes, implementing post-
genomic technologies is more and more crucial. It is necessary to clarify that post-
genomic era is the period after the achievement of the whole human genome
sequencing in 2003 (“The Human Genome Project,” n.d.). Indeed, it has been a
starting point to implement new biomedical researches and to give access to whole
genome sequencing of many other organisms. During the last decades, the post-
genomic era developed High-Throughput (HT) sequencing in order to obtain
reference genomes. These play an important role in conservation and restoration,
as discussed below. The high-throughput sequencing technologies are considered
of great importance in acquiring useful genetic information about non-model
organisms. HT sequencing allows accurate long and short reads, and in a cost-time
efficient way. Compared to DNA barcoding, single or few loci phylogenies and
other traditional methods limited in throughput, HT allows researchers to sequence
thousands of samples in a single run, instead of reading one stretch of DNA at one
time (Kennedy et al., 2020). It also allows to obtain less fragmented sequences.
Genome-wide data provided by HT gives access to a significant range of ecological

information about adaptation and evolution of natural populations, ecosystems and
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genetic diversity of plants. It is useful also to understand more in depth the wide
polymorphism and the adaptive plasticity of Chamaerops humilis.

As a non-model organism, genetic research about Chamaerops humilis is
lacking. However, as HT sequencing becomes more accessible, the availability of
low coverage Whole-Genome Sequencing (IcWGS) of population samples or
Reduced Representation Sequencing (RRS) is increasing. This kind of application
provides information about the variability of alleles at the population and landscape
level (Christiansen et al., 2021; Ellegren, 2014). Moreover, in this specific case of
study it could help to better understand the genetic relationship of C. humilis with
other Arecaceae palms and the future conservation of its biodiversity.

A contiguous and accurate assembly of an organism’s genome can lead to
the creation of a reference genome, which is representative of the genetic structure
of its species. In particular, reference genomes can be useful to understand the
functioning of a species in relation to its natural ecosystem, with the purpose of
preserving biodiversity, protecting and restoring habitats (“A reference standard for
genome biology,” 2018; Formenti et al., 2022). Concerning this issue, the European
Union is funding initiatives such as the European Reference Genome Atlas
(ERGA). The main aim of this project is to generate reference genomes for all
European eukaryotic species due to the fact that almost one fifth of the ca. 200,000
species are at risk of extinction. A similar organisation has been established globally
with the so-called Earth BioGenome Project (EBP). (“The era of reference genomes
in conservation genomics - ScienceDirect,” n.d.). These new projects and initiatives
are crucial to deeply understand the function of biodiversity and to implement new
restoration and conservation strategies.

Concerning the introductory aspects illustrated, the objectives of this project
are two-fold: 1) to obtain a first draft genome of the C. humilis: it will be
implemented using Single Molecule Real-Time sequences (SMRT) PacBio
sequencing in order to provide highly accurate long-read sequences. Obtaining a
draft genome, the prior step to building a reference genome, could possibly lead to

significant population-scale information on a non-model species, in a cost and time
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efficient way; 2) to shed light on the provenance of the Goethe’s palm by comparing
its diversity at 10 SSR loci with the dataset of Giovino et al. (2023), implementing
DAPC analysis using R software. Furthermore, this last goal may lay the foundation
for new historical and scientific research concerning both Goethe’s Palm and the

Botanical Garden of Padua.

2. MATERIALS AND METHODS

2.1 DNA isolation and long-read Genome sequencing

A fresh young, basal leaf has been collected from the so-called Goethe’s Palm, an
individual of Chamaerops humilis located at the Botanical Garden of Padua and
then sent to the LOEWE Translational Biodiversity Genomics centre in Frankfurt,
Germany, where its DNA was extracted.

The DNA has been extracted from fresh samples using a modified CTAB
(cetyltrimethylammonium bromide base) method (Cubero and Crespo, 2002). This
type of DNA isolation helps denaturing or separating polysaccharides and phenols
which reduce the DNA purity. Also, this method is the most suitable for maintaining
the integrity of the DNA during the extraction.

For sequencing, a long-read approach was used, namely the Pacific
Biosciences’ single molecule real-time (SMRT) sequencing technology. SMRTbell
library preparation has been conducted following the manufacturer’s protocol and
using a DNA Template Prep Kit. A SMRTbell library, also known as SMRTbell
template is a double stranded DNA capped with hairpin adapters at the extremity
of the strand (SMRT bell adapters).

Two runs of SMRT sequencing on the Sequel system II were performed.
Sequel system Il is a type of machine containing many chips called SMRT cells and
a DNA-sequencer, constituted by a nanophotonic structure, the Zero-mode
waveguide (ZMW). Every SMRT cell contains ca. 150.000 ZMW. At the end of

the ZMW there is an immobilised DNA polymerase which adds nucleotides
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generating a de novo DNA strand. The bases in the nucleotide are labelled, then the
incorporation of the nucleotide is reported by the emission of a coloured fluorescent
pulse in real time. The different colours for every pulse emitted identify a specific
base (Roberts et al., 2013).

After these steps, it is possible to get a circular consensus read (CCS), when
the insert size of the sequence is <20 kb, or a continuous long read (CLR) when the
insert size is >20kb. In this study a circular consensus read (CCS) has been
generated (Fig. 4). The CCS was the result of the alignment of the subread taken
from the new DNA strand synthesised and it can generate the so-called HiFi reads.
High and accurate long-read sequencing produces the so-called HiFi reads which
are a smart combination between the high accuracy of short reads and the bigger
picture of the genome given by long reads. This sequencing approach allows us to
obtain reads hundreds of times the length of short reads with an accuracy of 99.9%
at lower costs and shorter time, compared to other sequencing methods (Blood,

2023; “How HiFi sequencing works,” n.d.).
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Figure 4. Passages from library preparation to generation of a Circular Consensus Sequence.
Image taken from
https://www.pach.com/wp-content/uploads/2015/09/Pacific-Biosciences-Glossary-of-Terms.pdf
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2.2 C. humilis genome assembly

CCS reads were first processed into highly accurate (> 99.8%) consensus
sequences. For this purpose, DeepConsensus (Baid et al., 2023) was used. This is
an algorithm which helps reduce errors in HiFi sequences, thus resulting in more
accurate reads. In particular, subreads obtained from the sequencing have some
different, randomly distributed-errors (e.g., insertions, deletions and mismatches)
and the main aim is to combine them to get a more correct consensus read.
DeepConsensus further uses consensus reads and subreads to generate more
accurate reads. To do this it uses a transformer architecture which works with
subreads and CCS reads and splits them in 100 bp windows. Each window goes to
a transformer model which extracts information about it. Then, every window goes
through the DeepConsensus model which is an Encoder-only transformer that
polishes the read by combining and stitching all the polished sequences obtained
from each window (Baid et al., 2023) (Fig. 5).

Finally, de novo assembly of the C. humilis genome has been performed
using the Hifiasm genome assembler (Cheng et al., 2021, 2022), which is a software
specifically developed for HiFi reads that preserves the contiguity of all the
haplotypes for the purpose of phasing the genome.

Basic assembly statistics were calculated using Assemblathon 2 (Bradnam
et al. 2013). Genome completeness for both haplotypes was estimated using

BUSCO v5 (Manni et al., 2021).
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10- to 25-kb reads

== cCsread
100-bp partition
CTTCG C GAMAAR Encoder-only transformer
[ TTCGGCCG AR ®
Sequence CTTCG CCGAAR ®
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14267 2 0213 L
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315922189282 l
53236 2 2534 Polished segment
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Strand Fuw‘fs.rd He'v_erse 1
0 Polished read

Figure 5. DeepConsensus workflow is illustrated in the image. Subreads of 10 to 25 kb are aligned
to get a CCS read, then divided in 100-bp partitions. Each partition (window) goes to a transformer
model. DeepConsensus polishes all the segments, then it stitches them to obtain a final polished
read. Image taken from Baid et al., 2023.

2.3 Inferring the origin of Goethe’s palm

In order to infer the provenance of the Goethe’s palm, we compared the genetic
variability at 10 SSR (Simple Sequence Repeats) loci (Giovino et al., 2023) with
the genetic variability of the species across its entire distribution range (Giovino et
al., 2023). SSRs of 2-5 bp are neutral markers dispersed throughout the genome that
have often been used to study genetic similarity among individuals of a species, or
DNA mutation rate, which frequently leads to high polymorphism, in diverse
groups of organisms.

To perform this comparison, we first extracted the alleles at the 10 SSR loci
from the newly obtained C. humilis genome. To do that, we used the Blast nt
algorithm (“BLAST: Basic Local Alignment Search Tool,” n.d.) to locate the

primer sequences of all SSR loci in the genome of both haplotypes.
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Once the loci were extracted, we merged the data with the allele table from Giovino
et al. (2023) (see Appendix 1) and performed a Discriminant Analysis of Principal
Component (DAPC) using the ADEGENET package 2.1.1.0 (Jombart et al., 2023)
in R (Jombart, 2008). ADEGENT is a package with specific functions used to
implement multivariate analysis (as DAPC and PCA) in order to store, handle and
analyse genetic markers.

DAPC is a multivariate analysis useful to identify and describe clusters of
genetically related individuals. DAPC is composed by PCA (Principal Component
Analysis) and DA (Discriminant Analysis), and the latter one aims to maximise the
differences between-groups instead of within-groups, achieving the discrimination
of individuals into groups or clusters defined (Fig. 6) (Jombart et al., 2010). It also
provides a probabilistic assignment of individuals to each cluster (see DAPC
results). The meta-analysis was performed in RStudio (“RStudio,” 2023).

DAPC was performed using the dapc function on the genind object obtained
by importing the merged allele table.

The script used for the analysis is given in Appendix 2.

PCA DA
1st principal component 1st principal component
L+ o]
-t =2
%
o | _
= - =
=2 s <
[ N _ = d =
a © a
- o
D' 1 L]
o | = |
= N T | T T 1 = T T T | | T
- -4 -2 0 2 4 3 -2 -1 0 1 2

Figure 6. The picture illustrates the difference between PCA and DA analyses. PCA shows the
variability among individuals (variation within groups), whereas DA represents groups differences.
Image taken from Jombart et al. 2010.
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3. RESULTS

3.1 PacBio sequencing and genome assembly

We used two PacBio SMRT sequencing runs to obtain a total of 11,592,180
subreads of 11 kb mean length. After running DeepConsensus, we obtained a total
of'5,678,973 HiFi reads. Summary assembly statistics for both haplotypes are given
in Table 1.

Table 1. Assembly statistics for the two haplotypes of Chamaerops humilis

Results Haplotype 1 Haplotype 2
Number of contigs 5193 4833

Total size of contigs (Gb) 4039879672 3921249479
Longest contigs (Mb) 21541770 27303349
Shortest contigs (kb) 3082 8230

Mean contigs size (kb) 777947 811349
Median contigs size (kb) 352136 405490

N50 contigs length (Mb) 1796000 1675054

3.3 Genome completeness

Completeness of the genome has been estimated for both haplotypes using the
software Benchmarking Universal Single-Copy Orthologs BUSCO. For haplotype
1 we obtained 406 genes of complete BUSCOs out of 425 genes expected, 6
fragmented and 13 missing genes. While for haplotype 2 we have reached 410 out
of 425 genes expected, 3 fragmented and 12 missing genes. (Fig. 7).
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Figure 7. Barplot showing the completeness of the draft genome assembly of C. humilis as
calculated in BUSCO v5. For both haplotypes we obtained a completeness greater than 95%.
Missing genes results are reported in Appendix 3.

3.6 DAPC results

Performing DAPC analysis using the dataset of ten SSRs, our palm grouped within
the western genetic cluster of C. humilis; in particular, it seems to have similarities
with the Spanish and Moroccan populations (Fig. 8). The first PC axis explained
58,8% of  the DAPC

variance, while the
second PC axis
explained 17,7% of

the variance.

Axis 2 (17.7 %)

4 -2 0 2
Axis 1 (58.8 %)
Figure 8. DAPC analysis of the Chamaerops humilis population clusters.

Axis 1 represents the PC1 (58.8%), Axis 2 represents the PC2 (17.7%,).
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4. DISCUSSION

4.1 C. humilis draft assembly

We obtained the first C. humilis draft genome assembly using a PacBio HiFi long-
read sequencing approach. The genome length of 4.4 Gb obtained is in line with the
expected genome size for palm species, usually between 800 Mb and 3 Gb (Wang
et al., 2022).

Table 2. Comparing the genome lengths of eight species of palms belonging to the Arecaceae
family with the C. humilis one.

Palm species (4Arecaecae family) | Genome size

Chamaerops humilis L. 4.4 Gb
Areca catechu L. 2.8 Gb
Calamus simplicifolius C.F.Wei 2 Gb
Cocus nucifera L. 2.1 Gb
Elaeis guineensis Jacqu. 1.5 Gb
Elaeis oleifera (Kunt) Cortes 1.4 Gb
Metroxylon sagu Rottb. 472.4 Mb
Phoenix dactylifera L. 772.3 Mb
Phoenix roebelenii O'Brien 471.7 Mb

Almost eight species of the Arecaceae family have been sequenced in the
last decade, such as Phoenix dactylifera and P. roebelenii, Cocus nucifera and
Elaeis guineensis (Table 2) (“Genome,” n.d.). These species in particular, including
C. humilis, have an important socio-economic value as they have been used
principally as palm crops, manufacturing, ornamental exploitation and other human

activities.
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The first palm genome was the one of Phoenix dactylifera L. (Fig. 9), a
species of great economic importance, endemic to the Arabian Peninsula and
cultivated between the Euphrates and Nile rivers since 3700 BC (Al-Mssallem et
al., 2013). The species was sequenced in 2011, with last updated draft in 2019, for
a total of 772.3 Mbp in size, 36,764 genes and a contig N50 of 897.2 kb (“Phoenix
dactylifera Annotation Report,” n.d.).

Figure 9. Phoenix dactylifera L. Image taken from
hitps://dryades.units.it/torlonia/index.php ?procedure=taxon page&id=8572&num=6139

Another palm of economic importance whose genome has been sequenced
is the sago palm Metroxylon sagu Rottboll (Fig. 10). This is a tropical halophytic
palm native to the Southeast Asian countries that produces sago starch. Metroxylon
sagu genome has been sequenced using [llumina obtaining a low BUSCO genome
completeness score (21,5%) for its ~500 Mb size. This has been recently improved
using the Oxford Nanopore long-read sequencing technique (Lim et al., 2022). The

updated, hybrid genome assembly achieved a genome completeness of 97.9%.
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Figure 10. Metroxylon sagu Rottboll. Image taken from https.//www.gbif.org/species/2733781

On the one hand, these reference genomes provide genome-scale data and
are useful to build a robust phylogenomic framework which is often linked to the
realisation of phylogenetic trees. If in the past phylogenetic trees were mainly used
in the systematic field, nowadays they have been implemented to predict gene and
genome functions, to study gene family evolution and for phylogenetic comparative
researches on monocot group of Palms (order Arecales, family Arecaceae).
Furthermore, detailed and accurate palm phylogenetic trees represent an important
tool to understand divergence time estimates, morphology, ecology and genetic
macroevolution. Moreover, at the level of palm species phylogenetic trees could
achieve a great importance in the economic field of crop plants and for
understanding tropical forest paleoecology (Barrett et al., 2016). Lastly, C. humilis
draft genome represents a first step toward a better understanding of the genetic
basis of environmental adaptation of the species. For instance, with the help of the

annotated draft, it would be possible to infer if the species’ high polymorphism is
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due to genetic variation or natural selection, avoiding long time sequencing and
high costs.

Concerning C. humilis, this is a wide range distributed species with such
great diversity. From a study based on 10 SSR markers and comparing 35 genotypes
(Giovino et al., 2020), the analysis showed that genetic variation seems to be
correlated with the presence of rare alleles; these are restricted to some genotypes
belonging to particular environments with associated stress conditions, which also
influence morphological traits. In particular, two different subspecies can be
identified. Among Moroccan coasts it is possible to find the common C. humilis
subsp. humilis, while harsh conditions and
high altitudes on High Atlas (4167 m) and
Anti Atlas (3304 m) Mountains (Morocco) led
to the isolation and subsequent differentiation
of C. humilis subsp. cerifera Becc. (Fig. 11).
The latter is also known as Chamaerops 8
humilis var. argentea, even though this name
seems not to have ever been published
(Giovino et al., 2020). This species is

characterised by grey-silver leaves, for the

great presence of waxes on the surface,

Figure 11. Chamaerops humilis subsp.

covered with scaly hairs and characterised by .eifora.  mage  taken  from

a compact tuft habit. (Giovino et al., 2020)_ https://www.plantdelights.com/products/c
hamaerops-humilis-var-argentea

4.2 Shedding light on Goethe’s Palm’s origins

Following the approach by Giovino et al. (2023) we extracted allelic information at
10 SSR loci from our newly obtained draft. This clearly indicated that Goethe’s

palm belongs to the western genetic lineage of the species.
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To more accurately pinpoint the origin of Goethe’s palm individual, the
individuals of this large dataset could be sequenced using a low-coverage individual
whole-genome resequencing (IcWGR) method (Fig. 12¢). This method aims to
obtain a 2-4 x coverage per individual (Lou et al., 2021) to analyse and get an

accurate population-scale screening with a high cost-benefit ratio.
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Figure 12. In this image three different sequencing approaches are illustrated. They allow to obtain
reference genomes at various depths: a) RAD-seq; b) Pool-seq; c¢) IcWGS. In 12¢ many separated
barcoded individuals are represented. The sequence data obtained are spread across the genomes
in order to maximise the information content. Information about individual genotype is sacrificed

for a greater breadth of coverage.Images taken from Lou et al., 2021.

Another example of low-coverage whole genome sequencing
implementation for non-model species is the study by Lugman et al. (2023). In this
instance, the authors focussed on how climate-change could influence population
range shift by directly relating post-Last Glacial Maximum (LGM) environmental
change with allelic adaptive responses in Dianthus sylvestris Wulfen. Occurrence
of adaptive response mechanisms could be observed and analysed by modelling

genotype to environmental pressure. In particular, this study showed that this
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species comprises three distinct genetic lineages, namely in the Alps, Apennines
and Balkans. Divergence occurred during the Penultimate Glacial-Interglacial
Period ca 200-150 ky ago. More than 1000 individuals were sampled across these
regions from more than 100 populations and sequenced at 2x depth of coverage.
Secondly, the phylogenetic trees of these three distinct lineages inferred
implementing IcWGS have been useful to get information about the
microevolutionary patterns in D. sylvestris.

Our results constitute the basis upon which a targeted search of the historical
archives could be performed to cross-check science-based inference with historical
proof. Chamaerops humilis used to have a great socio-economic importance in the
Mediterranean trade as its leaf tissues were used for producing brooms and other
handicrafts, its sprouts were cooked and its underground parts used to add flavour
(Garcia-Castafio et al., 2014; “Palma di S. Pietro | OrtoBotanico di Padova,” n.d.).
Nowadays, it is still used by basket manufacturers, for ornamental purposes and it
replaces animal hair in industrial usage (Lachkar et al., 2020).

In particular, more in-depth searches, e.g., in the Historical Archive of
Venice, should be done on the trade in the 16th century between western
Mediterranean localities and the Republic of Venice. Intriguingly, from the XV
century onwards, commerce from Maghreb to Venice, passing through Tripoli and
Gerba (Tunisia), was flourishing. From these western countries, some of the typical
traded products were cotton, oil, dates, peanuts, flavours, a great variety of spices
and tissue (Pedani, 1992). Moreover, at the beginning of the XVI century a
Moroccan Amir’s commercial Treaty with Venice 913/1508 was signed in Badis
(Wansbrough, 1962) which was the only Moroccan port not occupied by the
Spanish and the Portuguese. The treaty aimed to regulate trade between Morocco
and the Republic of Venice, which had great influence and economic interests in
that geographic area. Indeed, in the middle of the XVI century, new commerce was
established and other treaties made with Morocco had been signed in 1765 and
1795. (“APPUNTI SUL CONSOLATO VENETO IN MAROCCO NELLA
SECONDA META DEL XVIII SECOLO on JSTOR,” n.d.).
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The type of products traded, such as oil and flour, and the amount of
historical documentation concerning Venice’s trades with the West Mediterranean
could constitute a starting point and new research hypothesis related to the origin
of Goethe’s Palm. In this regard, in the future it would be interesting to find the
original population of this individual in order to better understand the genetic

background of the palm and consequently the distribution of its genetic lineage.

5. CONCLUSIONS

A new era is starting to unfold in the field of biology and genomics with reference
genomes. New research and knowledge horizons are giving the opportunity to
conserve, restore and monitor the natural world. This is crucial especially for
globally endangered species due to climate change and the increasing loss of
biodiversity. Furthermore, reference genomes and high-throughput sequencing
methods are introducing more and new efficient ways of reconstructing the
evolutionary history of species such as finding points of divergence among
phylogenetic trees and the relative causes that led to differentiation of lineages.

In our case, we managed to add more information on the Chamaerops
humilis palm and its distribution. In particular, we tried to understand why it is a
species well adapted to many different environments and climatic conditions
around the Mediterranean Basin, as it is the only native European fan palm, and
to unravel the deep genetic causes of its polymorphism and variability. This
represents a starting point to better understand the phylogenetic relationships not
just among the Chamaerops genus, but around the whole Arecaceae family and
also what led to the differentiation of these species.

This special palm was the plant which led to Goethe’s illuminating theory
of the Metamorphosis of Plants, which states that the morphological and structural
development of every organ such as the goblet, the fruit and gynoecium and
androecium originate from a primary leaf. Furthermore, it is the most ancient

specimen of the Botanical Garden and the application of HT sequencing and
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microsatellites methods allowed us to find out its western origin. Beyond genetic
and naturalistic importance, this palm can be a valuable resource to shed light on

the historical aspects of the Botanical Garden of Padua that are still little known.

6. BIBLIOGRAPHY

6.1 Reference on sources of the text

A reference standard for genome biology, 2018. . Nat. Biotechnol. 36, 1121-1121.
https://doi.org/10.1038/nbt.4318

Al-Mssallem, 1.S., Hu, S., Zhang, X., Lin, Q., Liu, W., Tan, J., Yu, X., Liu, J., Pan,
L., Zhang, T., Yin, Y., Xin, C., Wu, H., Zhang, G., Ba Abdullah, M.M.,
Huang, D., Fang, Y., Alnakhli, Y.O., Jia, S., Yin, A., Alhuzimi, E.M.,
Alsaihati, B.A., Al-Owayyed, S.A., Zhao, D., Zhang, S., Al-Otaibi, N.A.,
Sun, G., Majrashi, M.A., Li, F., Tala, Wang, J., Yun, Q., Alnassar, N.A.,
Wang, L., Yang, M., Al-Jelaify, R.F., Liu, K., Gao, S., Chen, K., Alkhaldi,
S.R., Liu, G., Zhang, M., Guo, H., Yu, J., 2013. Genome sequence of the
date palm Phoenix dactylifera L. Nat. Commun. 4, 2274.
https://doi.org/10.1038/ncomms3274

APPUNTI SUL CONSOLATO VENETO IN MAROCCO NELLA SECONDA
META DEL XVIII SECOLO on JSTOR [WWW Document], n.d. URL
https://www jstor.org/stable/25802933 (accessed 8.5.23).

Baid, G., Cook, D.E., Shafin, K., Yun, T., Llinares-Lopez, F., Berthet, Q.,
Belyaeva, A., Topfer, A., Wenger, A.M., Rowell, W.J., Yang, H.,
Kolesnikov, A., Ammar, W., Vert, J.-P., Vaswani, A., McLean, C.Y.,
Nattestad, M., Chang, P.-C., Carroll, A., 2023. DeepConsensus improves
the accuracy of sequences with a gap-aware sequence transformer. Nat.
Biotechnol. 41, 232-238. https://doi.org/10.1038/s41587-022-01435-7

Barrett, C.F., Bacon, C.D., Antonelli, A., Cano, A., Hofmann, T., 2016. An
introduction to plant phylogenomics with a focus on palms. Bot. J. Linn.
Soc. 182, 234-255. https://doi.org/10.1111/b0j.12399

BLAST: Basic Local Alignment Search Tool [WWW Document], n.d. URL
https://blast.ncbi.nlm.nih.gov/Blast.cgi (accessed 7.20.23).

Blood, M., 2023. The HiFi difference — large-scale, high-quality data for all of us
[WWW Document]. PacBio. URL https://www.pacb.com/blog/the-hifi-
difference-large-scale-high-quality-data-for-all-of-us/ (accessed 7.9.23).

22


https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO

Cheng, H., Concepcion, G.T., Feng, X., Zhang, H., Li, H., 2021. Haplotype-
resolved de novo assembly using phased assembly graphs with hifiasm. Nat.
Methods 18, 170—175. https://doi.org/10.1038/s41592-020-01056-5

Cheng, H., Jarvis, E.D., Fedrigo, O., Koepfli, K.-P., Urban, L., Gemmell, N.J., Li,
H., 2022. Haplotype-resolved assembly of diploid genomes without
parental data. Nat. Biotechnol. 40, 1332-1335.
https://doi.org/10.1038/s41587-022-01261-x

Christiansen, H., Heindler, F.M., Hellemans, B., Jossart, Q., Pasotti, F., Robert, H.,
Verheye, M., Danis, B., Kochzius, M., Leliaert, F., Moreau, C., Patel, T.,
Van de Putte, A.P., Vanreusel, A., Volckaert, F.A.M., Schon, 1., 2021.
Facilitating population genomics of non-model organisms through
optimized experimental design for reduced representation sequencing.
BMC Genomics 22, 625. https://doi.org/10.1186/s12864-021-07917-3

Cubero, O.F., Crespo, A., 2002. Isolation of Nucleic Acids From Lichens, in:
Kranner, I.C., Beckett, R.P., Varma, A.K. (Eds.), Protocols in Lichenology:
Culturing, Biochemistry, Ecophysiology and Use in Biomonitoring,
Springer Lab Manuals. Springer, Berlin, Heidelberg, pp. 381-391.
https://doi.org/10.1007/978-3-642-56359-1 23

Ellegren, H., 2014. Genome sequencing and population genomics in non-model
organisms. Trends Ecol. Evol. 29, 51-63.
https://doi.org/10.1016/j.tree.2013.09.008

Errol Véla (University of Montpellier, U.A., Lauren Gardiner (Cambridge
University Herbarium, D. of P.S.; 2016. IUCN Red List of Threatened
Species: Chamaerops humilis. [IUCN Red List Threat. Species.

Formenti, G., Theissinger, K., Fernandes, C., Bista, 1., Bombarely, A., Bleidorn, C.,
Ciofi, C., Crottini, A., Godoy, J.A., Hoglund, J., Malukiewicz, J., Mouton,
A., Oomen, R.A., Paez, S., Palsbell, P.J., Pampoulie, C., Ruiz-Lopez, Maria
J., Svardal, H., Theofanopoulou, C., de Vries, J., Waldvogel, A.-M., Zhang,
Guojie, Mazzoni, C.J., Jarvis, E.D., Balint, M., Formenti, G., Theissinger,
K., Fernandes, C., Bista, I., Bombarely, A., Bleidorn, C., Ciampor, F., Ciofi,
C., Crottini, A., Godoy, J.A., Hoglund, J., Malukiewicz, J., Mouton, A.,
Oomen, R.A., Paez, S., Palsbgll, P., Pampoulie, C., Ruiz-Lopez, Maria Josg,
Svardal, H., Theofanopoulou, C., de Vries, J., Waldvogel, A.-M., Zhang,
Goujie, Mazzoni, C.J., Jarvis, E., Balint, M., Aghayan, S.A., Alioto, T.S.,
Almudi, 1., Alvarez, N., Alves, P.C., Amorim, I.LR., Antunes, A., Arribas,
P., Baldrian, P., Berg, P.R., Bertorelle, G., Bohne, A., Bonisoli-Alquati, A.,
Bostjanci¢, L.L., Boussau, B., Breton, C.M., Buzan, E., Campos, P.F.,
Carreras, C., Castro, L.Fi., Chueca, L.J., Conti, E., Cook-Deegan, R., Croll,
D., Cunha, M.V., Delsuc, F., Dennis, A.B., Dimitrov, D., Faria, R., Favre,

23


https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO

A., Fedrigo, O.D., Fernandez, R., Ficetola, G.F., Flot, J.-F., Gabaldon, T.,
Galea Agius, D.R., Gallo, G.R., Giani, A.M., Gilbert, M.T.P., Grebenc, T.,
Guschanski, K., Guyot, R., Hausdorf, B., Hawlitschek, O., Heintzman, P.D.,
Heinze, B., Hiller, M., Husemann, M., lannucci, A., Irisarri, 1., Jakobsen,
K.S., Jentoft, S., Klinga, P., Kloch, A., Kratochwil, C.F., Kusche, H.,
Layton, K.K.S., Leonard, J.A., Lerat, E., Liti, G., Manousaki, T., Marques-
Bonet, T., Matos-Maravi, P., Matschiner, M., Maumus, F., Mc Cartney,
AM., Meiri, S., Melo-Ferreira, J., Mengual, X., Monaghan, M.T.,
Montagna, M., Mystajek, R.W., Neiber, M.T., Nicolas, V., Novo, M.,
Ozreti¢, P., Palero, F., Parvulescu, L., Pascual, M., Paulo, O.S., Pavlek, M.,
Pegueroles, C., Pellissier, L., Pesole, G., Primmer, C.R., Riesgo, A., Riiber,
L., Rubolini, D., Salvi, D., Seehausen, O., Seidel, M., Secomandi, S.,
Studer, B., Theodoridis, S., Thines, M., Urban, L., Vasemégi, A., Vella, A.,
Vella, N., Vernes, S.C., Vernesi, C., Vieites, D.R., Waterhouse, R.M.,
Wheat, C.W., Worheide, G., Wurm, Y., Zammit, G., 2022. The era of
reference genomes in conservation genomics. Trends Ecol. Evol. 37, 197—
202. https://doi.org/10.1016/j.tree.2021.11.008

Garcia-Castafio, J.L., Terrab, A., Ortiz, M.A., Stuessy, T.F., Talavera, S., 2014.
Patterns of phylogeography and vicariance of Chamaerops humilis L.
(Palmae). Turk. J. Bot. 38, 1132—-1146. https://doi.org/10.3906/bot-1404-38

Genome [WWW Document], n.d. . NCBL URL
https://www.ncbi.nlm.nih.gov/datasets/genome/?taxon=4710 (accessed
8.10.23).

Giovino, A., Guarino, C., Marchese, A., Sciarillo, R., Domina, G., Tolone, M.,
Mateu-Andrés, 1., Khadari, B., Schillaci, C., Guara-Requena, M., Saia, S.,
2023. Genetic variability of Chamaerops humilis (Arecaceae) throughout
its native range highlights two species movement pathways from its area of
origin. Bot. J. Linn. Soc. 201, 361-376.
https://doi.org/10.1093/botlinnean/boac053

Giovino, A., Marchese, A., Domina, G., 2020. Morphological and genetic variation
of Chamaerops humilis (Arecaceae) in relation to the altitude. Caryologia
73, 85-98. https://doi.org/10.13128/caryologia-1011

Giovino, A., Scibetta, S., Saia, S., Guarino, C., 2014. Genetic and morphologic
diversity of European fan palm ( Chamaerops humilis L.) populations from
different environments from Sicily: Genetics and Morphology in
Chamaerops. Bot. J. Linn. Soc. 176, 66-81.
https://doi.org/10.1111/b0j.12195

Guzman, B., Fedriani, J.M., Delibes, M., Vargas, P., 2017. The colonization history
of the Mediterranean dwarf palm (Chamaerops humilis L., Palmae). Tree

24


https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO

Genet. Genomes 13, 24. https://doi.org/10.1007/s11295-017-1108-1

How HiFi sequencing works [WWW Document], n.d. . PacBio. URL
https://www.pacb.com/technology/hifi-sequencing/how-it-works/
(accessed 7.15.23).

Jombart, T., 2008. adegenet: a R package for the multivariate analysis of genetic
markers. Bioinformatics 24, 1403-1405.
https://doi.org/10.1093/bioinformatics/btn129

Jombart, T., Kamvar, Z.N., Collins, C., Lustrik, R., Beugin, M.-P., Knaus, B.J.,
Solymos, P., Mikryukov, V., Schliep, K., Maié, T., Morkovsky, L., Ahmed,
I., Cori, A., Calboli, F., Ewing, R.J., Michaud, F., DeCamp, R., Courtiol,
A., Clark, L.V., Dimens, P., 2023. adegenet: Exploratory Analysis of
Genetic and Genomic Data.

Kennedy, S.R., Prost, S., Overcast, 1., Rominger, A.J., Gillespie, R.G.,
Krehenwinkel, H., 2020. High-throughput sequencing for community
analysis: the promise of DNA barcoding to uncover diversity, relatedness,
abundances and interactions in spider communities. Dev. Genes Evol. 230,
185-201. https://doi.org/10.1007/s00427-020-00652-x

La gigante nana dell’Orto botanico [WWW Document], 2019. . Il Bo Live UniPD.
URL http://ilbolive.unipd.it/it/news/orto-botanico-palma-goethe (accessed
7.14.23).

Lachkar, N., Lamchouri, F., Toufik, H., 2020. Socioeconomic position of
Chamaerops humilis L. var. argentea Andre in the province of Taza (North
East Morocco) and impact of the new Moroccan law n° 77-15 (Moroccan
Official Bulletin N° 6422) on the preservation of the environment.
Ethnobot. Res. Appl. 20, 1-14.

Lim, L.W.K., Lau, M.M.L., Chung, H.H., Hussain, H., Gan, H.M., 2022. First high-
quality genome assembly data of sago palm (Metroxylon sagu Rottboll).
Data Brief 40, 107800. https://doi.org/10.1016/;.dib.2022.107800

Lou, R.N., Jacobs, A., Wilder, A.P., Therkildsen, N.O., 2021. A beginner’s guide
to low-coverage whole genome sequencing for population genomics. Mol.
Ecol. 30, 5966—-5993. https://doi.org/10.1111/mec.16077

Lugman, H., Wegmann, D., Fior, S., Widmer, A., 2023. Climate-induced range
shifts drive adaptive response via spatio-temporal sieving of alleles. Nat.
Commun. 14, 1080. https://doi.org/10.1038/s41467-023-36631-9

Mai, D.H., 1989. Development and regional differentiation of the European
vegetation during the Tertiary. Plant Syst. Evol. 162, 79-91.
https://doi.org/10.1007/BF00936911

Manni, M., Berkeley, M.R., Seppey, M., Simdo, F.A., Zdobnov, E.M., 2021.
BUSCO Update: Novel and Streamlined Workflows along with Broader

25


https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO

and Deeper Phylogenetic Coverage for Scoring of Eukaryotic, Prokaryotic,
and Viral Genomes. Mol. Biol. Evol. 38, 4647-4654.
https://doi.org/10.1093/molbev/msab199

Mediterranean palm | OrtoBotanico di Padova [WWW Document], n.d. URL
https://www.ortobotanicopd.it/en/mediterranean-palm (accessed 8.16.23).

Palma di S. Pietro | OrtoBotanico di Padova [WWW Document], n.d. URL
https://www.ortobotanicopd.it/it/palma-di-s-pietro-chamaerops-humilis-1
(accessed 8.5.23).

Pedani, M.P., 1992. Venezia E Il Maghreb Nei Documenti Dell’archivio Di Stato
Di Venezia. Quad. Studi Arabi 10, 159-173.

Phoenix dactylifera Annotation Report [WWW Document], n.d. URL
https://www.ncbi.nlm.nih.gov/genome/annotation_euk/Phoenix_dactylifer
a/103/#AssembliesReport (accessed 8.3.23).

Roberts, R.J., Carneiro, M.O., Schatz, M.C., 2013. The advantages of SMRT
sequencing. Genome Biol. 14, 405. https://doi.org/10.1186/gb-2013-14-7-
405

RStudio, 2023.

The era of reference genomes in conservation genomics - ScienceDirect [ WWW
Document], n.d. URL
https://www.sciencedirect.com/science/article/pii/S016953472100313X?vi
a%3Dihub#f0005 (accessed 7.7.23).

The Human Genome Project [WWW Document], n.d. . Genome.gov. URL
https://www.genome.gov/human-genome-project (accessed 8.28.23).

Vardareli, N., Dogaroglu, T., Dogag, E., Taskin, V., Tagkin, B.G., 2019. Genetic
characterization of tertiary relict endemic Phoenix theophrasti populations
in Turkey and phylogenetic relations of the species with other palm species
revealed by SSR markers. Plant Syst. Evol. 305, 415-429.

Wang, L., Lee, M., Yi Wan, Z., Bai, B., Ye, B., Alfiko, Y., Rahmadsyah, R.,
Purwantomo, S., Song, Z., Suwanto, A., Hua Yue, G., 2022. Chromosome-
level Reference Genome Provides Insights into Divergence and Stress
Adaptation of the African Oil Palm. Genomics Proteomics Bioinformatics.
https://doi.org/10.1016/5.gpb.2022.11.002

Wansbrough, J., 1962. A Moroccan amir’s Commercial Treaty with Venice of the
Year 913/1508. Bull. Sch. Orient. Afr. Stud. Univ. Lond. 25, 449-471.

26


https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO
https://www.zotero.org/google-docs/?tXq3zO

6.2 Reference on sources of the images

Chamaerops humilis L. subsp. humilis - Portale sulla flora del Parco Nazionale
dell’Asinara  (Sardegna, SS) [WWW  Document], n.d. URL
https://dryades.units.it/asinara/index.php?procedure=taxon page&id=7844
&num=5399 (accessed 8.28.23).

Chamaerops humilis var. argentea | Blue Mediterranean Fan Palm [WWW
Document], n.d. URL
https://www.plantdelights.com/products/chamaerops-humilis-var-argentea
(accessed 8.28.23).

DeepConsensus improves the accuracy of sequences with a gap-aware sequence
transformer -  PubMed [WWW  Document], nd. URL
https://pubmed.ncbi.nlm.nih.gov/36050551/ (accessed 8.28.23).

Genetic variability of Chamaerops humilis (Arecaceae) throughout its native range
highlights two species movement pathways from its area of origin |
Botanical Journal of the Linnean Society | Oxford Academic [WWW

Document], n.d. URL
https://academic.oup.com/botlinnean/article/201/3/361/6982710 (accessed
8.28.23).

identificato, A. non, n.d. [ Chamaerops humilis] [WWW Document]. Bibl. Orto Bot.
Ofg42. URL https://phaidra.cab.unipd.it/view/0:25941 (accessed 8.28.23).

Jombart, T., 2008. adegenet: a R package for the multivariate analysis of genetic
markers. Bioinformatics 24, 1403-1405.
https://doi.org/10.1093/bioinformatics/btn129

Metroxylon sagu Rottb. [WWW Document], n.d. URL
https://www.gbif.org/species/2733781 (accessed 8.28.23).

Molecular Ecology | Molecular Genetics Journal | Wiley Online Library [WWW

Document], n.d. URL
https://onlinelibrary.wiley.com/doi/abs/10.1111/mec.16077 (accessed
8.28.23).

Pacific Biosciences Glossary of Terms, n.d.

Phoenix dactylifera L. - Sistema informativo sulla flora del parco di Villa Torlonia
(Roma) [WWW Document], n.d. URL
https://dryades.units.it/torlonia/index.php?procedure=taxon_page&id=857
2&num=6139 (accessed 8.28.23).

27



APPENDIX

’s Dataset

iovino

1. SSR Goethe’s Palm merged with G

OvT/9ET| 9ET/ZET| L4T1/6ST] TET/TOT] vTEfvrE]  vST/vST] 66T/96T)  EvT/evr] tze/rez]  E6T/EGT aIueld £ E4 %
9gt/9et| o9et/zer] 1st/err| tzr/tot] erefete|  sstiist| eer/eeT|  evT/evT| sze/vEe| E6T/GET uely [ &4
9rT/orT] 9eT/ZET] 6ST/EST| 6OT/TOT] trefvre| wSU/vSt| Z0Z/66T| Z¥1/evl| veZ/8re] L61/L6T aJuel & 14
ovT/oet| 9er/zer| e6st/Est] ter/tot] vrefirz|  eStivst] zoz/eetr]  ist/evi] vze/rze]  E6T/EGT aoueld g8 14
OvT/9ET QET/ZET BST/6ST GIT/60T PIL/PIE PST ST GET/66T IvT/6ET PEE 1L GET/S8T adiueld £T4
9ET/9ET| BET/ZET| £91/6ST| TOT/TOT] +vIEfvrE] ¥ST/PST] 66T/96T) EvT/9ET] TZe/rez] E6T/6BT ey v 14
9ET/9ET 9ET/TET BST/EST TZT/10T PIZ/PIE PST ST G6T/96T YT/ evT 9gg/12¢ E6T/E6T EalVlE ] £ 14
ovt/oet| 9er/eer| est/ist| ter/tor| vrEferE|  vSt/vst| zoz/oet| evr/evt| tee/tee]  E6T/E6T aouely 714
ogt/oet| zer/zer] set/enar] etr/eot] vrefete|  sstivst| e6T/66T|  tST/vST|  vzE/BTE|  EGT/EGT uely 61 T4
ovr/oer| 9erfeer] est/ist] tev/rotr] vrezfiie]l  vSufvst| eer/9eT| GET/9Er| veE/ETE]  LGT/L6T aIuely 81 T4
oet/oet| 9er/zer| sst/est]  tev/tot] vrefeiz]  vST/bST] 66T/96T)  evT/evi] vze/rzz]  E6T/EGT ajuely (17T
ovi/oet| o9er/eer| est/ist| ter/tot] vrefete| estsest| zozseet|  ist/oft| vee/etz] Eet/esT aueld 91 14
9£T/ZET] 9Er/zET] 6ST/EST|  T1ET/TOT] wiEfeie]  vST/pST| 66T/66T|  E¥T/evT| vZE/TEE| E6T/SEL FIuely vl 14
ovt/oet| oer/eer| sov/est| ert/eot]| vreserz| estivst]| eet/est|  eer/eer]| vee/tzz] eet/smr aueld £ T4
ovt/ort| oaet/eer| tstfist|  ter/tor] vrEfvrE|  vetrfvst| zoz/eet|  vsT/9fr| veE/BTE|  E6T/SBT ajue.d 7T 14
ovi/oet| oer/eer| est/est| ter/tot] vrestie| o sstsvst] eetseet|  ist/evi] tee/tez]  Est/esT aoLeld o1 14
evr/ert] 9erfeer] sovfeor] erv/rot] vrefeie]l  vsufvst| eer/eet| 9fr/oer| csezfvee] 6BI/SEL elad)y 6 TV
ovT/9eT| 9er/eer| est/est| eov/tor| eiefvie| sst/ist] eeT/e6T|  evl/evl] Eeg/vee] S8T/IBT|  Euedly g v
OvT/9€T| O9ET/ZET| EST/EST|  Ten/tor] vrefvre|  sSTfesT] 66T/66T)  EvT/evi] 9fz/vzz]  SBT/IBT elad|y <
evr/9et| 9ev/zer] sevfear] tev/tor] vrefete|  sstiest| eeT/e6T|  9ET/9fT| 9f@/9fe] 6ET/SEL elJad|y 9 Y|
ZvT/9ET| 9ET/ZET| ssT/isT] TEn/Ton] vrEfiie]  vST/vST]  S0E/e6T)  EvT/9fT] 6ET/0fz]  SBT/SET eLiasy LA
zvT/ovT] 9Er/zET] £or/EST|  TET/TOT] trEfirE|  #ST/PST| G6T/6GT|  OFT/9ET| £ZE/LTE| SBT/IET elad|y £ TV
ovrfoet] oev/eer| eor/fear| tEr/ror] vrefvre|  fSTSvSt| 96T/96T|  9fT/ofT| szE/8TE|  TBL/IST elad|y v
9€T/9eT| O9€ET/ZET| sSer/esr| ten/tor] tizfrie] wstfvst] 66L/66T| BvT/evl] 9ef/ecz| S8T/SBI|  Euedly 0T Z¥
ovT/OrT QET/ET LOT/TST TZT/10T TTe/1te £ST/LST G6T/66T 9ET/9ET EEZfLITE S8T/68T m_._mm_.q 1 Zv]
gvl/evT] 9er/zEr] 69T/691] TZT/TOT| t1Z/80Z| +¢ST/pST| 66T/66T| /ST/EET| OEE/vEE| 6ET/SET elad)y [
ovt/ort] ovrt/eer] cot/eor| tor/tor| wrefvie|  «stfvet| 66T/66T|  9fr/eer| vee/vee| S81/181 BLIaE|y 8 1V
QET/9ET| O9ET/ZET| soT/i9T] TOT/TOT] vTEfvTE| vST/PST] 66T/66T|  S¢T/9fT]| sz/vrz] 6BT/IET eLad]y L1Y|
Zvl/oet| o9er/zer| sotjear| t1ev/tor] vredete|  vST/pST|  SoZ/eeT|  SPT/9FT| GEE/9FE| GBT/IET elad|y 9 1Y
ovT/orT] 9Etr/zET| sor/ist|  ToT/tOT| vTEfviE|  vST/vST| Soz/eeT| fst/ist|  fzz/vEz]  GEI/IET eLad]y 5 TV
evi/oet| 9er/zer| cov/eor]  tev/sot] vrefiiz| o estiest] sozfeer)  oer/oer] sze/vze]  set/isr elad|y v 1Y
ovt/oeT| o9er/eer| sot/est] eri/eotr| viefvie] est/vst] ee6T/e6T| 9fT/9fr] feg/vee] 1eT/iT| RuES)y £ 1Y
9£T/9£T] 9er/zEr] sSevfear] eTT/TOr] vrEfeie]  vST/pST|  SoZ/e6T|  E¥T/EET| EEE/LEE] SBT/SET B3|y 1Y
ovt/ort| 9er/eeT| 691/691] TeT/TOT] vrEftie] vSr/bst] soz/eet] ser/evt| oez/tez] S8r/e8r|  ewady 0T 1V
gst/ast| oetfeer| sotfsst] erv/err| wrEfvre|  vST/vST| sozfeet| evT/evtr| seefive| TBT/AiT elad|y T 1V
ofol TZT/IET 85T/0 0/0] 06T/06T] 9ET/9ET]| 94T/9iT]  PET/RET o/toz] sor/isr|  esoped]  aylaoo)
grsmo)|  ppsndol|  sesmooj|  sesmao)|  gzsmoog|  grsmagy|  sysmaog|  gzsmao)]  sgsnao)|  grsmoo)l uoneso|  ajdwes|




evr/oet| oetr/eer] sev/est] mer/tor] vwrefvre|  ist/vst]| eet/est] evt/evi| tezefece] ser/es8n Aley 9 £Qs)
9vr/9er] 9etv/zer] cev/eEst] eotstor]  vredvie|  sstivst| eet/eet]  vst/evr| ceedice]  6BL/6BT Aeyy S £QS
eetfevt| ofv/eer| sitgseer] tevsier] vrefere]  vst/est| eet/est| sst/evt| seeieee]  ser/sst Ajey £ £05)
oer/oer] osv/eer| eev/enr] eorsron] wresevel  sstivst| eeviest|  sstiest| czzieze]  GBI/6BT Aley 6 20aS
gerfoer| oer/eer| sorsest| sorsror]| vresvre]  estiest| est/est|  sst/est| czeiezz]  ssr/sst Aley 8 705
evr/oet| oet/eer| tst/ist] sor/tot] viefvie|  est/vst| eet/est|  ver/evi| sze/ote]  eer/est Aey 9 zas
opTfoeT| ofr/zer| sst/est] eotssor] vizfvte] vst/est| zoz/est]| sst/vst| fzz/ooz] 68T/68T Aley S Zds)
9vT/9ET| 9eT/zer| sor/EST] soT/ton) tvIEfeTE]  sST/PST] 66T/66T]  £ST/ZPT| £77/907] EGT/E6T Aley ¥_zds
9er/aer| o9fv/eer] eLr/E91] sorftor] vrefere]  vstiest] eeT/e6T]  sst/eeT| E£z/ece]  GBL/GET Aley £ 20s
evr/o9et| oetr/eer] €9t/est| eor/tor] vwrEfvre|  iST/kST] G6T/66T|  sST/isT| 9Ez/izE]  6BT/6ET Aley z 2ds
9ET/9ET] 9£T/ZET| 6LT/64T]  GTT/TOT]  IEMTE|  vST/PST| 66T/66T| iST/EvT| fEE/iEe]  6BT/6BT Aley| o1 Zas
OFET/OET| o9fT/eET| SST/vT|  TZT/TOT]| vIESvTE|  HST/PST]| 66T/66T| JST/EvT| £7Z/90Ff| 68T/68T Aey g 105
o9vT/BET] 9ET/TET| €9T/551] 6OT/TOT) +IEATE|  ©ST/vST| 66T/66T| £ST/4ST| £2E/iTE]  6BI/6BT Aey 9 15|
9ET/OET 9ET/TET GLT/LPT 6OT/66 FIE/PIT LST/LST G6T/66T ST/ ST TZE/TET GRT/SRT Aley ¥ TS
evT/BET] 9fr/zET| eL1/5S5T|  TZT/TOT)  viEfvre]  vST/vst| 661/66T)  sst/est]  sgzfize|l  eBI/SET Ay £ Tds)
evr/oet| oetr/eer] £9t/ear] eot/ror] viefvie|  ist/est| eeT/e6T| fStfest| iee/ive] GBRT/6RT Ay £ 1as
avt/oet| oet/eer] est/est| eot/tot] vrefvie|l est/vst| eet/est| ver/evi| cze/eze] Eetfesl Aey 1 10s
ovT/orT| 9ft/zer| sst/est| sot/ton]| vrefete] oet/ist| eet/est| sst/evr| vzez/etz] sBr/sEt Aley £ 197
obT/orT| 9f£T/zET| 6ST/S55T| TZT/TOT] +viEfrTE|  tST/vST| 961/96T] ZvT/IvT]| tEz/erE| E6T/SBT Aey Z 191
9vT/9vT] 9ET/ZET] ££1/591] GTL/T0T)  TUETTIE|l  vST/PST| 96T/961] wST/evT| TEZ/1EZ]  SBI/SBT Aey 6 171
OvT/9ET| BET/ZET| £LT/6ST] TET/TOT| tIETE] vST/PST] 661/66T] StT/9€T| Tee/st] EGL/EGT Aley g 121
o9vT/0orT] BET/ZET|] ££T/59T]  TET/TOT|  TUESTTIE|  vST/vST| 66T/96T] Z¥T/OET| fEE/iEE]  SBI/SBT Aey L 171
apt/ort| set/eer| sit/est] terstor] vrefete]  vst/est| eet/est]|  vst/vst| tez/iee]  Est/Eet Ajey 9 121
ovT/aEr| eev/zer] sot/est]  teriton] viefete]  vstiksT] 6e1/96T]  stT/skT| stz/stz]  EsL/SET Aley ¥ 121
oart/ort| oft/eer| sitv/est] terstor] vrefrre]  vstiest]| ost/est]  wst/eer| szeeee]  Est/ERT Aley £ 121
avr/ovr| Setrfeer| sevfsor| ter/tor]  tieftie|  eSTSRST| G66T/O96T|  wSTfEvi| ffEfice| SBT/SET Aley ST 171
opt/oet| setv/eer| sitest] terstor]| vresete]  vstsest| est/est| vst/est| tez/iee]  Est/eet Ajey v 121
gvr/oet| ser/eer| sor/est| tznstor] vresvre]  vsr/vst| eetfesr]|  evr/evr| czziste| emusemt Aey £T 171
ovr/oer| eev/eer| «sivfest] terston] vwrefete]  vstiest| eet/est]| wst/vst| tzz/iee]  EsL/EET Aley ZT 121
grr/orT] zET/zET| Liv/sot|  tzn/tor] tuEfite]  vST/vst| 66T/95T]  wst/evr] sgzieze|l  sEr/SET Ay 1T 121
o9vT/9ET] BET/ZET| LLT/6ST]  TRT/TOT)  vUEMPTE|l  vST/vST| 66T/66T] wST/vST| TEZ/TEZ]  EGT/EGT Aley 01 121
OFT/9ET| o9et/eeT| L4T/6ST| TZT/TOT)| vTIE/vTE| #ST/PST| 66T/96T| ®ST/OET| TZZ/Tf| E6T/S8T Aey T 121
oer/oer] oastv/zer] est/est] eorston] vreserel  sstiest| zozfeet| ser/evr| wzz/erz]  EsT/sBI aauel £ 54
9ET/OET 9ET/TET LIT/EQT TZT/T0T FIE/PIT LST/PST Z0E/66T SEL/EPT WEL/TET SRT/SRT SIUe.H 7 54
ger/9er] o9erv/zer| csev/ear| ern/tor] vrefrre]l  sstivst| eeT/oeT|  wsr/svr|  tee/iez]  SEU/SET 20Ue.l4 T 54
ort/ort] 9ft/eEr] Lev/SST] SOTSTOR) erefvre|  vST/EST| 66T/66T|  ZET/ERT| 9z /if]  EGL/ERT LRl g £4
avt/evT] 9t /zETr| 65T/55T|  TET/TOT]|  vIEfBOEZ|  4STSvST| 96T/96T| evT/evir| TEE /1]  EGT/E6T aouelq v £4

29



avt/act] o9etv/eer| est/sst| tev/tor] ervefetrel  estfvst| eer/eet] Evr/evr| tedfiee]  L6T/LGT Ajey ¥ ¥Is
arT/9ET| 9€v/eET| 6st/sst]  rEn/rot] viefvrz]  wsT/vst| 66T/66T]  EvT/evr] TEE/iee] E6T/EGT Ajgy £ 75
arr/oet] o9etr/eer] esrfsst|  terfron] vresete]l  wst/vst] esr/o9et]  evr/evi| ted/tez| 461 /L6T Ajey z ¥Is
avt/orT| 9€T/2ET| sor/est| tev/iot] wresrrz]  est/est| 66L/66T|  vST/9€T| vEE/iez|  L6T/LGT Ajey I 25
9er/oet] o9etr/eer] estfest| terftor] vtz est/est] soz/eet]| wsr/ewr| teE/tez|  L61/E6T Ajey 6 £J5
ger/oet| gev/eer| est/ist] sor/tot] vizfvrz]  vst/vst] eeT/e6T|  Evrfevr] tEe/izz]  E6T/E6T Ajey L €5
apT/ofT QET/ZET 65T/6ST TZT/101 FIZPIT ¥ST/PST G6T/66T VL VT Tee/iee E6T/EGT L_.._a.._u: 9 D5
ost/oet| oet/zer|] cevfest| tev/tot] erzsenz]  est/vst| eet/est| zer/eer| sze/iee]  Est/est Aley 5 £25)
ovT/oeT| 9eT/eeT| sir/6ST] tEv/ion) vresvrrz]  est/vst| eeT/66T|  Evl/eer| TzE/iez|  E6T/E6T Ajeyl t €35
9vT/9ET| O9ET/ZET| L4T/ieT)  TET/TOT] vTEvIZ]  #ST/pST| 66L/66T| tST/PST| tEe/8TZ| E6T/E6T Ajey £ £J5
arT/9eT] 8ET/ZET| 6ST/6ST]  eTT/TOT| viEfvrz]  vsT/pSt]  E0E/eeT]  pSTfwST] TEE/iEE]  £6T/EGT Ajey 7 EJS
act/oet| oet/eer| est/est| ter/iot] vresvrz] est/vst| soz/eet| vst/evt| TEe/iez| E6T/E6T Ajey T £25
arT/9ET] 9€v/zET| 6st/esT]  tEn/TOn]| vie/ire]  wST/vSt]  soz/e6T]  vST/wST]  TEE/ieE]  £6T/EGT Ay 6 £J5
avt/oet| oet/eer| sst/est| tersiot] eresvrz] est/est| eer/est|  vst/est| teesiez|  68T/S8T Ajey 8 235
oyT/9ET] 9er/eer| est/est|  tzr/iot| vig/vie|l  wsi/vst| sog/eet] evr/evr] teg/izz]  E6T/SET Ajey £ 2I5
avt/oet| o9et/eer| sst/iest| tot/iot] ereserez] est/est| soz/est| vst/evt| teesiez| E6T/EsT Ay 9 735
gyT/ovT] 9er/zeEr| sinfest|  tzn/ion| vrE/vte|  vStT/vst| soz/eeT] EvT/EvTr] tEE/izz]  E6T/EGT Ajey S ZJ5
avt/ort| 9ev/eer| cirfeer| tev/iot] erestnz] est/est| 9sr/eet| vst/ewr| tze/iez| E6T/E6T Ajey v 25
avt/ovt| oetv/eer| cevsest| tzvsion| vresiiz|  est/vst| eersoet|  vstsvst| tezsiez]  cet/esT Ajey £ 205
9ET/9ET| OET/ZET| BST/GST|  TZT/TOT] vrE/irz]  vST/psr|  zoz/eeT|  £ST/iST| vEE/iEE|  EGT/EGL Ajey [
9ET/IET| O9ET/ZET| £LT/EST|  TET/TOT) vTEAvTE]  #ST/pST| SOZ/66T|  £ST/iST| vEE/1ZZ|  E6T/E6T Aen] ot zos
ayT/9ET| BET/ZET| 6ST/est]  rEn/rot] viefvrz]  wsT/vst|  66T/66T]  SvT/svT] TEE/izz] E6T/EGT Ajgy I 235
9ET/9ET] 8eT/eer] esT/rsr|  terftror] vresete]l  wST/vst] eel/9eT]  SvT/ser| tEE/TeE]  ERT/ERT Ajey 9125
9ET/9ET| BET/ZET| 6ST/SST]  eon/10T] viefvrz]  wST/vpst]| 9sT/96T]  Evl/evi] tTEE/ize] EGL/EGT Ajey 125
9er/oet] o9etr/eer] estfest| ter/tor] wresere|l  wst/vst] sog/eet] wsr/ewr| teE/tez|  EGLJEGT Ajey £ 125
9eT/9ET| o9fr/eer| <siv/sst|  sonftor| vre/iie|l  wST/vst| G66T/96T] vST/EvT] f2E/izz]  E6T/EGT Ajey z 125
apT/9ET 9ET/ZET BST/SST L1T/101 YIE/TIE PST/PST 96T/96T SHT/SHPT TZe/eie E6T/EGT >_mp_ 11258
apt/ost| o9er/eer| cetfest| son/ion| viefviz|  est/vst| eer/ost] evr/osr| ere/eoz] Eer/esT Aley g tas
act/oeT| o9etT/eer| sest/ist| sot/tot] vreserz] est/est| 9er/oet| o9er/ofr| tzE/eoz| E6T/E6T Ajey 47vas
9vT/9ET| O9ET/ZET| BST/6ST| SOT/TOT] vTZ/vIZ] +ST/pST| 66L/66T| Tv¥T/9€T| TZE/1ZZ| E6T/E6T Alen 9" ¥as|
9ET/9ET| O9ET/ZET| £LLT/AST] TEZT/TOT)  vrEsvrz]  vST/pST|  G6L/G6T|  vST/O9ET| TZZ/E0Z|  EGT/EGT Ajel 5 Qs
avt/oet| ofet/eet| est/est| ter/iot] vresvrez] est/vst| eer/est| o9ft/oft| tee/eoz| E6T/E6I Aley ¥ tas)
arT/9ET] 9€T/zET| 6ST/eST]  son/tot]  viefvrz]  wsT/vpst]  goz/osT]  EvT/oEr] tEe/ieE]  £6T/EGT Ajey £ Qs
apt/oet| o9et/eer| est/est| tersent] vresvrz] est/vst| 9er/oet| vst/est| zrefeoz| E6T/E6T Ajey Z Qs
9eT/oET| ®BET/ZET| 6LT/ein| TEL/TOT| viE/vie|l  wsT/vst| 9e1/96T] evr/evTr] teE/izz] E6T/EGT Aeyl o1 vas
avt/ort| 9eT/eet| est/est| sot/iot] eresvrez] est/est| eer/ost| vst/oer| teesiez|  E6T/EsT Ay 1 a5
zeT/zvT] ofr/zer| est/sst|  eot/tor| vrE/vte| o sst/vst|  zog/eer] sst/ist] szEfizz]  eBT/SET Ajry L €05

30



Tvr/evT| OET/eET| €9T/6ST| TET/TOT| TTZ/TTE| ¥ST/BYT| GGT/66T] 9ET/I9ET| EEZ/TZE| 68T/SBT] o0low 2 TTIA
ost/evr] 9erfeer| est/est] 1zr/tor] wrz/rie|l wST/vST| 66T/961) ZYI/EEL]| vez/ste| S8T/s8T] oolow LTI
avt/evt| oet/eer| eor/est| err/tot] erefere] est/vst| eet/est] evifoer| eve/eve| est/emt| omosow| o TIw
8st/ovT| 9€r/eer| s91/6ST| 6IT/TOT] wIZfvie| vST/vST| 66T/961) evi/evl]| vee/vze| 681/58T] ooiow 5 T
ost/evt| oet/eer| sir/ior| eorstot] evizfeie| sst/vst| eeT/eeT] ofr/eer| eve/eee| ssr/ser| omoiom| v TIW
gar/ort| 9etr/eer| sov/est| err/ron| tviefrie] vsT/vstr] eeT/9eT| evt/evT| tvee/vze| eET/SET| oxoiow £ 1T
evifoet| oet/eer| est/ist| tevstot] ewiefeie| sstiest| zoesest] evifewt| vee/vee| 681/6RT| omoion| o1 TIW
TeT/ebT| OET/EET| ELT/ivT| GOT/TOT| vIZ/TTE| 4ST/bST| GGT/A6T)  TYT/IET| £97/€97| 68T/SBT] odoiow [T
TvT/ivT| ZET/ZET| 6ST/EST| TET/TOT] wIZfviE| 4ST/vST| 6GT/66T) O9ET/EET| EEZ/EEE| S8T/SBT] o0olow 2 0T
BET/BET| OET/ET| 65T/1ST] (0T/10T] ¢IT/TTE| ¥ST/vST| GGT/66T)  ZvT/EbT| 697/69%| SET/SBT] 0d0iow L 0TI
Trr/evr] obLfeEr| Ser/EcT|  TET/TOT] wIEfvie|  4ST/ST| GGT/66T)  EvI/Evl]| veE/ooz| €61/68T] ©30o0low 9 0T
IPT/8ET BET/TET 69T /65T 1ZT1/101 PIT/PIT BT/3PT 66T/66T YT Pt w2 90T E6T/S8T| 00I0W 5 0TIN
vrL/evT] 9ET/ZET| SLT/iST|  6OT/TOT| wIZfvie| 4ST/LST| 66T/66T) 9ET/9ET| Sve/ere| S8T/s8T] onolow r 0TI
arT/erT| 9ET/ZET| LLT/LPT]  TET/R0T| tle/tie] vST/rST] 66T/66T| O9ET/EET| ez /tez] S81/S8T| o0X0iow £ 0T
pst/ewt| serfeer| Esr/eor] ten/ror| svefrrz|  sstvst] zoefest| evrfoer| szz/ste] Eer/sET| oa0oiow Z 0T
evr/ort| evr/eer| siv/sit| sor/trot| vresvie|  vST/vpsT| e6T/96T|  9fr/ofr| ste/ooz| LiT/iset] omolow| o OTW
ver/evt| ostfeer| cevgser] tenfrot| vizfvrz| est/vst| eetfest| zvr/eer| vee/ziz]  £er/ser| omouow T 0T
vrl/evt] 9€r/eer| €cr/1sT] t1Ev/tor] tve/rie|l vsT/evr| 66T/96T) 6ET/LET| SkE/oEg| S8T/5BT] omolow £ TW
ast/est| wvr/eer| sersist| tev/ror| evredbne| est/est| 9et/oet| 9fr/eer| eve/tez| e8r/68T| o0mm0iow 7z TN
OFT/9ET] BET/ZET| 6ST/IST| TET/TOT| wIEvlE| #ST/pST| 661/96T| GET/GET] vee/B1Z| SBI/SBT Aey ¥ 151
OvT/o9ET| BET/EET| TOT/TST| TET/TOn] trefenE| #ST/YST| G6T/96T] GET/GET| vZE/8TE| SBT/SET Aley £ 151
avl/9eT] ®ev/zer| estfistl ter/rot] eresrie|l  vsT/wST| 961/961]  SeT/6ET|  tveE/erE]  SET/SBT Aey 7 151
avtfost| oetfeet| est/est| ter/tot]| ereseie| est/vst| ost/ost| svifeet| eeez/ete| eer/sst Aley 1151
9£1/9eT] 9ev/zer| estfest]  ter/rot] eresiie|l  esT/wST| 961/961]  wST/eST|  1eE/1zE]  L6T/EGT Aey 6 S5
avt/oet| oet/eer| est/ist| tevstot] evrefene| est/est| zoesest| evisevt| teefiee| €61/s8T Aey 8 525
9¢T/9€T| O9ET/ZET| 651/i5T] 6OT/TOT| trE/TTZ|] #ST/vST]| sSozfoeT| tST/9Er| TZE/1EE]  £6T/L6T Ajey {535
avtfost| oetfeer| csevsest| tevsron]| erefere|  sst/vst| soesest| evifeet| eez/iee|  ser/est Aey 9 535
avt/aet| ostfeer| sevfest| ten/tot| vrefvrz|  sstivst| eetfost|  vastfEvr| tze/iee]  EeT/sBT Ajey 5 505
abT/9ET| O9ET/EET| eST/isT| TET/TOT| wrEsviE| vST/pST| 66T/96T| EvT/9ET]| TeE/TEE| L6T/EGT Aley v 525
avT/oET| 9€T/eET| 65T/65T|  TET/TOT] tvrefene| #ST/vST| SOE/66T]  vT/evT| tee/iEE|  E6T/EGT Aley £ 535
av1/9eT] 9ev/zer| esi/est| sot/1or] wrefeie|l  vST/wST| zoe/eer| EvT/eeT| t1eE/izz]  L6T/EGT Ay z 575
OpT/OET| OFT/ZET| LLTSLST] TZT/TOT| ©TE/vTE| #ST/pST| COFf96T] evi/evl| TeEf1ee] E61/S8T Ay 0T 525
9£1/9eT] 9ev/zer| est/est|  ter/rot] erefeie|l  vST/wST| 66T/66T|  EET/ERT|  TeE/STE]  L6T/LGT Ay I 525
arT/arT| 9ET/ZET| 6ST/SST]  TZT/T0T| #TEfvie| #ST/vST| 66T/96T| evl/evT| 1ee/tee] E6L/E6RT Aey & IS
abT/9eT| oerfeEr| civ/est| terfron| ervefete|l  vsT/vst| e6T/e6T|  EvT/9Er] teE/rEE|  46T/L6T Aley 8 ¥J5
9rT/9ET| 9ET/ZET| 6ST/EST] TZT/T0T| #T&fvie| #ST/vSt| SO0E/est| evt/evt| t1ee/tee| L61/S81T Aey £ P08
avt/ovt| ostfeer| sevfest| tenftot| vrefirz|  est/vst| eet/est|  vstfoer| tze/iee|  seT/esT Ay g ¥25

31



avt/orT| vev/eer] cotjest| ter/rot| erefrrez]  vst/eer| ee1/96T|  Tst/svr| stz/ste| 68T/68T| 0d0uowy 18w
9s1/9sT| 9€L/ZET| EST/6vT| TZT/TO0T| vrz/Boz| vST/8vT] 961/96T| Zvl/evl| 8vZ/TZZ| SBI/SBT| 0l00Joi 6 L
9sT/0sT| 9ET/ZET| LO9T/EST]  TET/SOT|  vTEPTE|  HST/8¢T| 20E/96T| 9ET/9ET] eEZ/TeZ| 681/68T| 0300I0W 8 LW
9st/osT| 9€T/zET| /oT/EST| TET/SOT| ¢vTE/pTe] SST/BYT| Z0Z/96T] OFET/9ET| 6£7/TZZ| GBT/6BT| 0200JOW 9 LA
9ET/9ET T/ TET GOT/EST TZ1/101 wIT/TTZ BET/3PT 95T/96T 9ET/9ET Leefiee £81/681T| 00040l g A
gst/est| oev/eer] est/evr| tev/rot| erefeoz] est/eer| 9et/9et| evrfevt| eve/tee] ssr/sst| oonosow v LIN
gst/est| oer/eer| eot/evr| tzr/iot] moz/Roz o/| est/est| oft/oet]| rtze/fzrz|] est/eRt] omosow £ O
ger/oer| o9erfeer] terfrot| tor/ror| sozfeoz| vstfevi| eeT/66T| ZvT/oer| vzz/tzz|] SBU/SET| 0200401 P
9sT/evT| 9ET/ZET| £9T/TST| TZT/T0T| 80z/B0Z| (ST/vST] 66T/96T| EET/EET] TEE/TEX 0/0] oxolow T 9w
weT/rT| 9€r/eeT| Est/fist|  cot/tor]| erEfere|  vST/vst| soEfeet| eeT/evr| stefstz] 6E1/SBT| 0l0J01 6 SN
vrl/erT]  9€T/ZET|  EST/IST|  £OT/T0T] vrefere|  vST/PST]  SOZ/66T|  ZvT/ekl| Stz/siz]  681/58T| 000Jop 8 5K
vrT/eeT| 9er/eer| est/rst|  sot/tot] erefvre|  vST/vst] soefesT|  evifewt| stezfsiz] 681/581] 0louow LS
vr1/ovT] vEL/ZET| 6ST/SST|  TOT/10T] vrzfsoz|  vST/pST] 961/96T| GET/IET| STZ/90Z| 681/S8T| 000JoW t S
vrl/rrt| oet/eer] est/ist|  cot/tot| eiefvre|  vst/vst] soz/est| evisevt] ste/stz] es1/s81| omosom| 0T sW
vvT/vvT| 9Er/zeET| est/ist] cor/tor| wrzere|  vST/PST| SoEfeeT| evT/evT] Ste/stz| 6ET/SET| 03d0u0W T 5N
ovT/rrt| Ovr/eer| estfest| ter/iot] erefvre|  vST/vst] zoe/osT| Bvi/erl| stez/siz| 681/681] 0:ouoi 6 v
Z¥T/ebT| B9ET/ZET] SOT/IST sot/ée| vrefvre|  vST/vST| B0%/66T|  SYT/GET| Stz/stz] 6BT/SRT| o0onoJow 8 rin
vrl/ert] OvL/ZET| EST/IST| sor/tot| erefere| evl/Svl] 661/66T| GET/6ET| LEZ/S1Z] 6B1/681| 0000 L
vT/veT] 9ET/ZET] sst/ist|  tev/tor| viefvie|l  eeT/evl| Zog/9e1| GET/6ET| STg/SsTg]  SBT/SET| 0230401 ERa
vrl/eeT] 9ET/ZET|  £vT/LvT]  TET/TOT| vrEfeTEz|  evT/8vT] E0Z/Z0Z| GET/6ET| STZ/STZ]  6BT/S8T| 030040 5 v
9¢T/ebT| OFT/ZET] EBT/IST sot/es| tvre/vrz|  4ST/8¥T| 66T/96T| BYT/8vT| Stz/stz] 68T/S8T| o0o0o0JoW 0T v
ovl/ovT| O9ET/ZET| TST/IST|  TOT/é6] wrefvrez|  vST/8vT] E0Z/Z0Z| GET/EET| STZ/SIZ] 6B1/68T| 0l00J40W T tW
wHT/TET OvT/ET QST /ivT TZ1/101 PIT/PIT BET/3PT 70T/ 66T GET/BET StE/ste 581/581| o%00uol 8 EWn
ZrI/eET] OvL/ZET| SST/SST|  TET/I0T| wrEfriz|  evT/8vI] F0Z/66T| GEL/GET| STZ/STZ| SBI/SBT| 0l00Joi L EW
FrL/eeT|]  OvT/ZET| £ST/SST]  TET/T0T|  vTE/pTE|  erT/avT| e0E eng] GET/RET] StTZ/StE] 681/SET| 000uop 9 EW
vrT/erT| OpT/ZET| E4T/TST|  TET/TOT| vIEfvTe|  BvT/BPT] EO0Z/906T| OET/EET| SvZ/0EZ| 6BI/6BT| 033040 zEW
vbT/erT] ovv/eer] est/ist] SOT/sot|  erEfrrE]  BEU/BET| 9617961  SYI/6ET| STZ/STE]  6BI/S8T| 0200uop 0T EW
.qw._n_.qw.q._n N#qum.n mh._”.__,._”m._” ._N._n.__.._nn_._n .q._nw.__,._”._nu wm._n.__.mw._” mm._n.__.m_m._” N.q._n.__.m_m._” a_mu_._._HN mwﬁxmw.n 02304010 ._nlm ]
9st/erT| 9€r/TET| Serfecr| tev/iot] erefivel  vsT/8vl] 661/96T| EET/EET| Svz/evz| 681/581] o000Jop 6 ZW
9or/veT| 9ET/ZET| eOr/iST] TEv/ron| trE/Boe| wST/EvT| e0EfoeT| 9fT/eEr] s8t1Z/8rZ| 6ET/SET| 000u0p g8z
9sT/9ET| ZET/ZET| sor/est|  tev/ier] tre/rve|  vST/8vT] E0e/66T| OET/9£T| LEE/TzE] 681/58T| 0%0J40W LT
orT/ret| 9€T/eET| E£41/691] teT/iot] erefvre|  vST/8vT] woe/esT| EET/EET| 81z/81Z| 681/681] 00Ol 9z
9vT/ver| O9ET/ZET| TI8T/RST| TET/T0T| ¢TE/pTe] PST/BYT| 66T/66T] TST/SvT| STZ/STZ] 68T/SBT| 00200J0W ST
9sT/pST| 9ET/ZET| IST/IST ofo] tre/ive]l ser/ser| zoz/ost| ezet/evt| tee/tzz| est/est] omosow|  orzw
ger/ovt| 9er/eET| sirfist] tev/ron| tre/ire|l  esr/evi| e0EfeeT| 9fT/eEr] sve/vez] 6E1/6RT| 000u0p Tz
ost/ert| oet/eer| estfest| sotr/tot| eiefive|l  vst/vst] eet/oet| evi/eet]| eve/stz| ssr/ssr| omosow|  zTIW
ost/err| oetv/eer| tevfisr|  srv/ton]| erefvrel  vST/vST| eeT/eeT|  THT/EvT| teefvee| SE1/SBT| ox0Jol 6 TTW

32



zvt/err] oer/zer| 6enfeST|  TET/SOT| TUE/TTE|  vSU/pST| 66T/66T| EET/EET| sze/vzz| ser/ser| (eHnuod 8 td
zvr/epr| O9€T/zET] 6/1/6ST|  TET/TOT| TUE/TIZ]  #ST/pST| G6L/66T) EET/EET| /zZ/vEz| S8T/SBT| |Ednuod { td
evr/oet| ost/zer] e9r/ear| ter/tot]| tie/tie] vst/vst| 66T/66T)  9fT/9er| vez/vez] SBT/SRI| |BEnuod 9 td
vl/ert| 9er/zET] Tiv/eST| TET/tor]| wlEfvlE]  vST/vST| 96T/961] 9ET/9er| ieE/vEz] 68T/68T) |ednuod ¥ trd
gvr/ert| o9er/eer] esr/eor|] ter/tor| wrefwiz] vst/evr| eer/eer] oer/oer| 8vz/tez] 681/S8T| |ednuod £ td
zvr/oet] ost/eer| tst/iet| ter/sor] trefiizl  vsu/evt]| eerfoer| evifesr| vee/vzz] ssr/ser] |eSnuod Z td
evr/evr| oft/eet] 641/6ST| 1eT/TOT| TrE/iiz] vST/vST| 661/661) EET/EET| Leefvee] SBI/SBT| |eEnuod 01 td
evr/oer| ost/eer] eorfeor| tev/rot| trefiie] wstfvst| eet/eet| oft/oer| vez/vez] ssr/ist| edniog 1 td
vrr/9eT| 9€T/zET] TiT/6ST|  TOT/TOT| wrE/iiEl  wST/pSt| 66T/66T] GEL/9Er| O0EZ/0Ez| 68T/SBT| |Ednuod 8 Ed
zvt/evt] oetfeer| sotfest| tor/rot] erefiiz]  vsufvst] eel/eer|  E€fr/eer)| rze/ize]  esr/e8T] |eSnuod 9 £d
zvr/evr| 9Ev/EeET| Ts/6ST|  TET/TOT| TrE/TiE]  4ST/ST| 66L/96T) OET/EET|  Skz/skr] GBI iLT| |EAnuod 5 Ed
evr/aet| o9er/eer] ser/sot| ter/tot]| wreftie] vst/vst| eeT/961]  ewt/evr| eve/ize] seT/SBT| |e@nuod ¥ £d
TYT/9ET| O9ET/ZET] E€41/6ST|  TET/TOT| ¥TE/TTEZ] ST/vST| G6T/96T] 9ET/EET| evz/ewz| SBT/iLT| |Ednuod z Ed
evr/evt| oet/eer] est/est] ter/totr| vieg/fite| ist/vst| esr/eet| GET/oft| eve/izz| e6r/sEr]  |e@nuod 0t £d
ger/aer| oet/eer] cotsist] tev/ror| tiefiiz| est/vst| oet/oer| oetr/osr| eve/evz| ser/ect]|  1ednuod T Ed
ogT/aet| 9er/eer] cevject|] ter/tot] tveftie] vst/vst| eer/eet]  ewl/eer| sez/iee] ser/SBI| |R@nuod 9 1d
eerfoet| oev/eer] cotfror] tev/ion| viefeie| est/vst| est/est| zvr/esr| oezfoez] ser/est]|  (efnuod S 1d
9er/9eT| 9fv/Eer] 691/49T] 1ZL/TOT| #IZ/viE] vST/vST| 661/66T) 9€T/9€r| Lee/iee] 6BT/68T| (Ednuod t Td
ovt/evr| ost/eer] sirfest| sor/tot| vrefrie| wstfest| e61/96T| oft/oer| eve/vez] ssr/sst| 1e8niog £ 1d
zvl/9eT| 9eT/zET] Siv/rev| tev/tor]| wrefviz]  vST/vST| 66T/96T)  Zwl/9fr| vz/ize| S8T/SBT| |ednuod z Id
9eT/9eT| oerfeer| eor/eor| ter/rot| erefvizl  vsufvst| eel/eer| 9frfofr| sze/eze] e8r/68T| |e8nuod T 1d
ost/ost| 9fv/eer| ssr/set]  son/tor] vrz/ii]  evi/8vT| 661/66T) ZrI/9ET| EET/EE?| EGT/ERT| 0K0JOW 6 6W
evr/ert| 9er/zer] sir/eat| sor/tot]| treftie] wst/vst| e6T/481) evl/eer| srz/ere] S8r/sBI| oouop 8 60
ovr/ovT| 9€T/zET] T9T/SST|  TET/tOT| wrE/viE]  iST/ist| G6T/4BT]  GET/OET| 9Ez/izz| SBT/SBI| oXoJop L B0
pst/ost| oer/zer] est/evt| sor/tot| tre/tiEg] vSTfvst| 66T/661) 9fT/oer| Zvz/vez| €61/68T] o0o0Jop 9 6W
woT/2eT] 9et/zer] sst/est| ezv/tot| vrEfvrE|  sst/ist| e6T/66T| GET/0ET| OEz/oEz] E6T/68T| 0Mm0Uop [
zvr/ort| 9er/zer] ist/sst|  TET/TOT| wre/ftiE] est/evr| zoz/eer] eer/oer| tez/tee] 681/68T| o00Jop £ 60
ovr/ovT| ZET/7ET] T19T/IST| SOT/tOT| #TE/viE] er1/avT| 66T/66T] OfT/9ET| StZ/eEz| 6BT/SBI| 0X0Jow [
ovt/ovt| oet/zer] ist/sst| ter/tot| ere/eiz| err/evt| zoz/eet] eet/oer| tez/tez| eer/eRr| oxosow|  OT &W
ovt/ort| oet/zer] tot/sist|l ter/tot] vrefviz] eri/evt| est/eer] osft/osr| sve/eez] es1/o8T| 0300.01 T 6W
Zst/8rr| OET/zET] Sor/ewT| TET/tor| wrE/riz]  epI/evT| Zoz/7oZ] GET/RET| STZ/STZ| 6BT/6BT| 000.0W g8 8l
ost/ert] o9et/eet|] esSt/6ST|  TET/TOT] eTE/TE|  vST/8PT| BOZ/96T| OfT/9ET| €€Z/LCF] 6B1/SRT| o00iow LB
9sT/vrT| OpT/EET| SOT/ivT| SOT/TOT| +Iz/biz] ©ST/8YT| 66L/96T] GET/OET| LZZ/T27] 6BI/68T| 0330J0W 5 81
BPT/erT| 9ET/ZET] 6GLT/ELT Lot/e6| wrZfeiE| ewr/evr]| 66T e6T| GET/9Er| tee/tree| 681/681| o00iow ¥ BN
BT/t T eT/eer] es4rfest| ter/rot| wrefvie|  vST/8tvT| TOZ/eGT| SYT/SPT| EEZ/EEC| 6BT/SBT| 0330.40W £ 8IN
vr/ovt] setfeet|] sotfest| for/Sotr] eTE/RTE|  ewT/eeT| 66T/66T| 8YT/EvT| E€EZ/EE?| 681/68T| 0l0JOW ¢ 8IN
TST/8¢T QET/ZET SOT/itT TZT/T0T YIZ/FIT {ST/8YT Z0Z/T0T BET/GET STZ/STT 68T /68T] 0330J0WK 0T BIN

33



avt/evr| 9evfeer| eotfest| eorn/tor] trefrre]  estfvst| eetT/eeT|  evr/9er| stefste]  S8T/SBT ueds L 95
zvt/ert| 9er/eer] cotv/evt| tEn/tor| trziie]  estivst| eeT/98T|  ZkT/Evl| vze/tzl  EGI/SEL ujeds 9795
avt/err] 9et/eer| e9t/rst| sor/tor| vwrefrre]l  eST/vst| 66T/98T|  evl/EEr| oO€g/izz]  ssr/sst ujeds t a5
vyT/BET| 9ET/ZET| SL1/69T| T1ET/TOT| trZ/ire| £ST/vST| GGT/98T| Z¥T/TvT| EET/vEE] SBI/SBT ujeds £ 95
art/ert] 9er/eer| for/evt| enr/ror| rrefrrel  stTfvst| eeT/98T|  evl/evl] vee/oog]  ssr/sgl ujeds 795
ZYT/8ET| O9ET/ZET| AST/LvT| STL/TOT| vTZ/tiz] #ST/vST| 66T/66T| Z¥T/evl| LZ2/vTe| EGL/SBT ujeds T 95
agt/aet| o9erfeer| eorfist| eotr/tor] ereferE|  ASTSPST|  COE/66T| LST/wST| LEEfiTE| GSBT/SBI ujeds 8 S
avt/vrt| oer/eer] sit/ear| rev/str] vrestre] sstivst| eer/est]  sst/esr| osefose] ssr/sst ueds LS
avT/trl| vEL/ZET] 6Gor/ear| str/tor| evreeie]  est/vst| G6T/66T|  LST/pST|  vZE/81E]  SBI/SST ujeds 9”15
zvr/oet| o9er/eer| csot/est| strftor| wreskre] eSt/evr| eeT/98T| 9er/izn| Eggfeze]  sBT/SET ujeds 5 t5
voT/evt] 9fr/zeEr| eot/est| tev/str| evrefvte]  est/vst| e6T/66T|  #ST/vST| EET/izE]  BBI/SET ujeds r ¥S
ovt/ovt| ogt/zer| eotfeot| tev/sir| erefere] sstsest| eet/ost| wstfosr| stesone| est/sst ujeds £ t5
v¥T/9ET] 9ET/ZET| ToT/esT|  tEv/Tor| tvrE/iiE]  vST/vST|  Z0Z/66T| ZHT/OET| LZE/90Z] GBI/S8T ujeds 1 5
get/oer| oev/zer| est/est| tevsror| eresere] estsest| eer/omt|  wstsoser| czeseoe| ssr/ssrt ujeds 6 ES
9ET/9ET| 9fr/eEr| fiv/EST]  tv/eor| vresvtel  vST/vST| 66T/66T|  ZvT/BET| LZZ/iTE|  EGT/EGT ujeds 9 £S5
apt/oet| oer/eer| tor/ior| eov/sor| ereserz] eSstivst| esr/ost|  est/evi| ofe/ize|l sET/Sst ujeds t ES
agr/oer| oer/eer| est/ist| sorfror| vrefere|  est/vst| eer/ost|  eerievr| o9gz/ize] 681/18T ueds 7 ES
oet/oet| o9er/eer| est/ist| eor/tor| wresere] istivst| eeT/est| eeT/EET| ize/e0z| EBI/SET ujeds Ot €5
9vT/arT| 9ET/ZET| SLT/19T|  SoT/Tor] vTE/piE] vST/vST| 66T/66T| ZET/Tvi| L7/iTT| EGL/SET ujeds I_£S
avT/orT| 8ErT/eer] E€st/ist| rer/tor| eredkiel  #STAvST| 66T/66T|  ZRT/Evl| EEe/ErEl  SBI/SET ujeds g s
9yT/orT| 9fr/eer| est/tst] tev/eor| tvrefbte|  vST/vST| G6T/6ET|  ZvT/IvT| LzE/izE]  1BT/IBT ujeds L 75

0/0| 0/0}] tst/ist| ten/eor] vrEfwre]  £ST/vST| 661/66T| wST/ZvT| 9EZ/izE] SBT/SBT ujeds 97§
9sT/8€T] eer/eer] rst/rst] sovfror] wvresete|  est/vst| zoe/est| eEL/eEr| vee/ste] ERL/SST ujeds S 5
a¢T/9vT| 9ET/ZET| 6ST/TST| 6TT/60T| vre/vre| wST/vST| Z0Z/66T| OET/9ET| +Zez/81Z| SBI/TI8T ueds r Z§
avt/art| ovtfeer| tst/ist| ten/eor| erefere]  ASTSEST|  C0E/66T| EwT/9ET| OQEZfiTE| 68T/SBT ujeds £ 25§
9yT/orT| 8SET/eET| 1sT/TsT] tEv/tor| trefbre|  4ST/PST| GGT/66T|  #ST/vST| EEZ/VEE| EGT/EGT ujeds 1 25
PrL/OET 9ET/TET [ST/EST TZT/10T PIE/RTT LST/HST G6T/66T TST/TvT GET/OET T8T/181 uieds 6 15
oyT/erT| 9tr/eEr| e9t/T9t] tev/ior| tvrefbrel  fsTfvsT| zog/eeT| 9ET/9Er| evz/izE]  SBT/TIEL ujeds 8 1§
apT/ovT| 9fr/zET| 69T/LsT| tevn/tor| erefwre| wSU/vst| zoe/est| LsT/ewt| 9fz/Eie| £6T/SBT ujeds L8
ZYT/9ET| O9ET/PET| £9T/IST| TZL/60T| vIZ/PIZ] 4ST/¥ST| 66T/66T ET/OET| £ZZ/81F] L6I/SBI ujeds 9 15
ovt/oet| oer/eer] sst/ist|l ten/eot| wrekte]  eStivst| e6T/661]  z#T/9ET| ofe/Trzl ERI/SET ujeds 515
wor/evr| oev/zer| eots/est| rtorsror| eresere] estsest| zoeseoe| vstseen| czeseze| estiest ujeds t 15
aet/9et| 9er/eer] tiv/ear| rev/tor] eresiiel  eStivst| zoz/est]  9Er/9fr| vze/vrEl  SEI/SET ujeds £ 15
avt/oet| oet/eer| sst/ist| revsror| eredeie] eSstivst| eeT/est| ekT/9fr| eez/oge| ser/sst ujeds z 15
ZvT/9ET| O9ET/7ET| 69T/EST| TZT/TOT| vTZ/PIZ] #ST/vST| 70Z/66T| OET/9ET| 9€7/i7E| SBI/SET ujeds o1 15
ost/ert| oetseer| sstjest| ter/tor| eresvie] estivst| zoz/est| eet/esr| efe/ize| eBI/SET ujeds 115
zvt/evt] oer/zer] eerfear| tev/sor] erzvie|  tst/svr| eer/est]  oer/osst| aevz/tez]  es1/sgr] |eSnuod 6 _td

34



ovT/aeT| oer/eer| torfsst| ter/tor| vrefvte| vST/vST| 66T/96T| ewn/evT| Trzfeoz| ERT/SST BISILN| T 8l
ovl/9eT| 9fr/zEr| sSst/sst]  ter/ior]  vrEfvie]| sT/vSt| 66T/96T|  evT/9fr| #ZE/BTZ] £6T/SST BIS|UN| 5 L1
ovlfaet| set/zer| est/est] ter/ior| eresiie| est/est| est/eet|  ser/evi| vzz/etz] E6T/E6T BIs|un| v {1
ovr/ort| 8ET/zET| tor/esT] ter/iotr]  vrE/viel| vST/vSt|  66T/96T|  evT/zer| vEE/B1Z] £6T/E6T BI5|uny £ LU
ovt/ort| oet/zer| est/est] ter/ior] eresvie| est/est| oetfaet|  ewr/evr| tzz/siz] £6T/E6l BIs|un 24l
avtfort| ser/zer| est/est| ten/ror| viefsoz| wst/vst| eerfast| eer/eer| ereferz|  sei/E6T e1siung T 2l
ovifart| oet/zer| est/est] ter/ior] eresvie| vst/est| esrsfeet|  ewr/evr| szz/eiz] £6T/ssT eisjun [
OvI/9ET| O9ET/ZET| SST/EST] TZL/TIOT| #T&/vIZ| ©ST/PST| 661/96T| ev1/evl| vZe/vee] L6T/E6T BI5|Uny| S gl
ovT/aET] O9Er/zET| 6ST/SsTl  tEn/ror]  viE/vie] eST/vST|  zoz/zoz|  SeL/Svr| LzE/RTE|  SET/IST B|S|UN | t 9l
9ET/9ET| O9ET/ZET| SST/EST| TZT/TOT|  ¥TE/vIE| wST/PST|  z0e/feoz|  ewr/err| vEe/iez]  £6T/S8T Bls|uny| £ 9L
ovl/IET] O9ET/ZET| SLT/esTl  TEn/ror]  viE/vie| eST/vST|  Z0Z/E0f|  EvL/ofr| £ZE/B1E| E6T/EGT B|S|Un | Z 9l
getfaer] oerfeer| estfist|  terfror|  erefvre| eST/vSt|  e6T/66T|  serfevt| vezfvee| E6T/S8T BISIUn| T 9l
Zvl/9ET] BEL/ZET| 6ST/ssT]  TEn/ror]  viE/vie| wST/vST|  661/66T| #ST/9ET| 1ZE/S1E| (6T/EGT B|S|Un | ¥ 5l
orT/9er] o9er/eer| csot/est| ter/ior] treftie| eST/eST|  ZoZf6eT|  EET/EET| 1Z¢/BTE] SBT/I8T B|S|UNY £ Gl
gst/ost| 9er/eer| estfest| tot/tor] evre/vre| eST/vSsT| zoZfeer| evi/Evl| tvEe/ETE] ERT/SET BIS|UNL| Z 5l
9eT/9€T] 9er/eer| est/est| t1er/ior] ere/wre| 091/vST|  66T/66T|  wST/SET|  TZE/BTE]  ERT/SBT B|S|UNY 151
9¢T/9ET| 9ET/ZET| EST/1ST| TtET/TOT| ¥TE/vTZ| LST/PST|  Zo2/96T|  2kT/ebr| TEZ/ste|l GBT/IET B|S|UnL ZEL
9er/9er| 9er/zer| sSst/est] ter/ior]  vrE/wie|  wST/EST]  961/96T|  Zwl/erT| LTE/vER o/o]  eisiung £zl
oetfoet| oev/eer| sst/est] ter/ior]  vresvie]| wst/vst| oetfoet|  evr/evr| szzfvzz] 681/68T elsjuny T2l
9eT/oET| o9fr/zEr| 6ST/eST]  ter/ior]  erEfvie| vST/PST|  G6T/96T|  evT/ZrT| Stz/srz]  46T/L6T BIS|UNY 6 L
ovT/ovT| OET/ZET| 6ST/EST]  TIT/TOT]  vIE/vIE|  vST/PST|  S0Z/66T|  #ST/ErT| T1ZE/iTE| L6T/EGT BIS|Uny| g Il
9eT/9ET| ofr/zEr| E€st/evr] ter/ior]  vrEfvre]| vST/pST| 9eT/96T|  vST/ZET|  TZE/STZ]  £6T/SST BIS|UN| 9Tl
ovt/aet| oet/zer| est/sst] ter/ior| vresvie| est/est| ostfast|  vst/vst| ezz/vzz]  E6T/E6T BIs|un| s 1l
ovT/9ET| o9gr/zEr| 65T/EsT]  ter/iotr]  vrEfvie]| vsT/vst|  zoeseeT|  vST/vsT|  tZe/stz]  £6T/S8T BI5|uny t 1L
ovifaet| oet/zer| est/ist] etr/ior] ereseie| est/est| estfoet| eer/oer| szz/eiz] /6T/E6l BIs|un | £ 1l
aetfaer| oerfzer| sst/ist| erifeotr| vresviz| wstivst| zozfast|  vstfest| teefstz|  esi/Ssr elsiung 7Tl
oet/aet| oet/eer| est/ist] cotfior] eresvie| wst/est|  zozfaet|  vst/vst| tzz/siz] s8t/sst eisiun 01 1]
vvl/evT]  9ET/ZET| S9T/esT]  TIL/TOT]  vIE/zoE]| vST/vST| 66T/66T| OET/OET| fzEz/o0Z| E6T/E6T uteds 6 LS
gvl/evt| oer/zer| e€8r/esT] TIL/TOT] viE/vie| bST/BPT| G6T/GGT| GET/EET| GET/OEZ| SET/LLT uleds| 8 LS
vrl/rrT|  9ET/ZET| 6LT/64T) 6TT/TOT| #TE/vIZ| wST/8¢T| 661/66T| O9ET/EE€T| fzz/ize] 68T/S8T uteds £LS
gvl/fevt] 9er/zer| tTev/sor]  tEn/ror]  TrE/rie]| eST/vST|  G66T/66T|  ZrI/Ofr| Zve/eve| 6RT/SBT ueds) 9 L5
pstfert| 9ev/ZET] L91/1ST|  GTL/TOT| ¢IE/Z0E] LST/vST| 661/66T| EvT/9ET]| erz/fete| 681/S81 ujeds g 15
gvl/9er] 9er/zer| cscv/istl ten/ror]  viE/rie] wST/BRT|  661/96T| S9ET/9ET| BrE/6ET| SBT/SET uleds) ¥ LS
el /erT]  9er/eer| e6LT/6LT|  6IT/TOT] vrE/vre| eST/BFT| 66L/66T| 9ET/EET| £LZZ/1eE] 6BL/SET ueds £ 1S
05T /ZFT er/eer| cov/tot| tev/sron] evessoe| sstiest| eerseer| oer/ostr| eez/ste| ssr/sEn uieds) [
wrl/fert]  9er/eer| cot/ivt| terfior] erefwie| £ST/esT|  e6L/66T|  GET/9ET| vZe/o0Z] 6BT/SBT ueds T 45
ovlfevT| oer/eer| eor/svr| eor/totr] tie/tie| est/vst| eer/oBr|  err/evr| vefree]  SBT/SET ujeds 8 g5

35



ofT/aET| 8er/zer] sstfsst] ter/tor]  vrefvie|  vST/vST| G6T/96T|  SseT/svT] eTz/Eoz]  (6T/EST B|SIUNy B8l
avt/ovt] oet/zer| tor/sst] ter/ror] wizfeiz] vST/vST| 661/66T| evT/evl| ZTZ/E0Z] E6T/SBT|  mIsiung {8l
9eT/9eT]  sev/zEr| sst/ssT)  tEn/ror)  #1Efviz] vST/vST|  661/96T)  SvT/svT| ZTEfE0Z]  (GT/E6T|  EIslunL 9 8l
9er/aeT] ser/eer| sstfsst]  ter/ror]  vrefviz]  vsT/vsT| 661/96T)  Svi/svr| 2Tefe0z]  L6T/E6T|  EIsSIuUng 5 8l
opT/orT| O9ET/EET] T9T/esT| tEvSior| eTEfvie]  esT/vST] e6T/66T|  TRT/EVT] TTE/EOE]  EGT/SET B|SIUNL t 8l
avt/ovt] oet/zer| rtot/sst] ter/ror] wizfeiz] vST/vST| 661/66T] evT/ev| ZTZ/E0Z] E6T/SBT|  mIsiung £ 8l
avtfovt| oev/zer| estfsst] tevsror| wrefetz] vst/est| eerfeet| evi/evr| ziefeoz| eet/osr| misung z 8l

36



2. Script used for DAPC analysis

# 1. Install the package 'adegenet'

# Tools -> Install Packages -> Write down 'adegenet'-> Install

# 2. Define the directory:

setwd("~/Desktop/agnese")

# 3. Change de name of the file (only if it's required).

df <-read excel("boac053 suppl supplementary file s2.xlsx")

#4. Activate the package we are interested in

library(adegenet)

#5. Create our data frame

df <- as.data.frame( df)

ind <- as.character( df$Sample )
site <- as.character( df$Pop )

df <-df[, -c(1:2) ]

#6. Change the format of our data frame in order to perform the DAPC

df <-df2genind (df, ploidy = 1, ind.names = ind, pop = site, sep ="")

#7. DAPC analysis
# Identify the optimal number of PCs

dapc <- dapc( df, df$pop, n.pca=40,n.da=3)
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optim.a.score(dapc)$best

# Run the DAPC analysis

#8. Calculus of the genetic variability explained by the analysis

percent <- dapc$eig/sum (dapc$eig) *100

percent [ 1:2]

# 9. Plot the DAPC analysis

scatter (dapc, scree.da = FALSE)

3. Missing results from BUSCO assessment

id Haplotype Gene
103382at33090 Hap 1 Prolyl 3-hydroxylase 1
11664at33090 Hap 1 DNA topoisomerase, type
ITA, subunit A/C-
terminal
128774at33090 Hap 1 Proteasome assembly
chaperone 2
145061at33090 Hap 1 protein high chlorophyll
fluorescent 107
147262at33090 Hap 1 protein ABCI12,
chloroplastic
148236at33090 Hap 1 Uncharacterised protein
family UPF0454
177296at33090 Hap 1 methyltransferase-like
protein 5
182493at33090 Hap 1 Peptidyl-prolyl cis-trans
isomerase
185172at33090 Hap 1 Molybdopterin synthase
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196443at33090

225336at33090

228201at33090

75785at33090

149782at33090

158957at33090
161309at33090

164019at33090

181108at33090

193351at33090

196443at33090

197780at33090

211645at33090

63411at33090

88687at33090

89796at33090

Hap 1

Hap 1

Hap 1

Hap 1

Hap 2

Hap 2
Hap 2

Hap 2

Hap 2

Hap 2

Hap 2

Hap 2

Hap 2

Hap 2

Hap 2

Hap 2

catalytic subunit

thylakoid lumenal 15 kDa
protein 1, chloroplastic

predicted protein
predicted protein

P-loop containing
nucleoside triphosphate
hydrolase

Ribosome recycling
factor

HAD superfamily
Calycin

Class IV
aminotransferase

probable plastid-lipid-
associated protein 8,
chloroplastic

DCC family protein
At1g52590, chloroplastic

thylakoid lumenal 15 kDa
protein 1, chloroplastic

tRNA (Guanosine(18)-2'-
O)-methyltransferase

Ribosomal RNA small
subunit
methyltransferase G

fe-S cluster assembly
factor HCF101,
chloroplastic

cell cycle checkpoint
control protein RAD9A

conserved oligomeric
Golgi complex subunit 6
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