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APRESENTACAO

E com enorme contentamento que apresentamos o e-book “Conceitos e
Conhecimentos de Métodos e Técnicas de Pesquisa Cientifica em Engenharia Florestal”
que foi elaborado para a divulgagéo de resultados e avancos relacionados as Ciéncias
Florestais. O e-book esta disposto em 1 volume subdividido em 17 capitulos. Os capitulos
estdo organizados de acordo com a abordagem por assuntos relacionados nas diversas
areas da Engenharia Florestal. Em uma primeira parte, os capitulos estdo de forma
a atender a area de silvicultura voltada para as técnicas silviculturais para producéo,
tecnologias para producdo de sementes e mudas, melhoramento florestal e protecéo
florestal. Em uma segunda parte, os trabalhos estdo estruturados de forma a abordar
a area de ecologia e dinamica florestal. Em uma terceira parte, os trabalhos estédo
voltados para a tecnologia de produtos florestais mais especificamente relacionados
as propriedades fisicas, quimicas e mecanicas da madeira. Em uma quarta parte, com
um trabalho sobre gestdo ambiental, abordando a importancia dos recursos hidricos. E
finalizando, a quinta parte com um trabalho sobre sensoriamento remoto. Desta forma, o
e-book “Conceitos e Conhecimentos de Métodos e Técnicas de Pesquisa Cientifica em
Engenharia Florestal” apresenta resultados relevantes realizados por diversos professores
e académicos que serdo apresentados neste de forma didatica. Agradecemos o empenho e
dedicacéo de todos os autores das diferentes instituicbes de ensino, pesquisa e extensao,
por partilharem ao publico os resultados dos trabalhos desenvolvidos por seus grupos de
pesquisa. Esperamos que os trabalhos aqui apresentados possam inspirar outros estudos
voltados as Ciéncias Florestais.

Cristina Aledi Felsemburgh
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ABSTRACT: The genus Eucalyptus and
Corymbia comprises species planted worldwide,
thus genetic characterization of eucalypt
species has raised the interest from many
researchers. The aim of this study is to analyze
the evolutionary dynamics and phylogeny of
nine cold-tolerant eucalypt species sequencing
the JLA region of chloroplast DNA. We found a
total of 175 mutations, most classified as single
nucleotide polymorphism (SNPs). The species
Eucalyptus badjensis and Eucalyptus benthamii
presented a identical insertion of 25-bp, whereas
Eucalyptus platyphylla, Eucalyptus tereticornis
and Eucalyptus robusta presented a mutation
of 28 bp. We also found a high mutation rate
in Corymbia torelliana and Corymbia eximia,
presenting large taxonomic differences with
the genus Eucalyptus. Phylogenetic analysis
revealed three different phylogeographic groups,
being C. torelliana in a different group. The
JLA region was informative for polymorphisms,
becoming an important tool as a molecular
marker. Therefore, these results may be very
useful for genetic breeding and conservation
genetics programs.

KEYWORDS: SNPs, polymorphism, in silico
analysis, frost.
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ANALISE DE SEQUENCIAS CLOROPLASTIDIAIS DE ESPECIES DE
EUCALYPTUS E CORYMBIA TOLERANTES AO FRIO

RESUMO: Os géneris Eucalyptus e Corymbia compreendem espécies plantadas por todo
o mundo, portanto, a caracterizacdo genética de espécies de eucalipto tem despertado o
interesse de muitos pesquisadores. O objetivo deste estudo é analisar a dindmica evolucionaria
e a filogénia de nove espécies de eucalipto tolerantes ao frio sequenciando a regido JLA do
DNA cloroplastidial. Encontramos um total de 175 mutacdes, em sua maioria classificadas
como polimorfismo de Unico nucleotideo, single nucleotide polymorphism (SNPs). As espécies
Eucalyptus badjensis e Eucalyptus benthamii apresentaram uma inserc¢éo idéntica de 25-bp,
enquanto Eucalyptus platyphylla, Eucalyptus tereticornis e Eucalyptus robusta apresentaram
uma mutagéo de 28 bp. Também identificamos uma alta taxa de mutagcdo em Corymbia
torelliana e Corymbia eximia, as quais apresentaram ampla diferenca taxondmica em relagéo
ao género Eucalyptus. A analise filogenética revelou trés grupos filogeograficos distintos,
sendo C. torelliana em um grupo a parte. A regido JLA foi informative para polimorfismos,
tornando-se uma importante ferramenta como marcador molecular. Assim, os resultados
desta pesquisa podem ser muito Uteis para programas de melhoramento genético e genética
conservacionista.

PALAVRAS-CHAVE: SNPs, polimorfismo, andlise in silico, geada.

11 INTRODUCTION

The genus Eucalyptus corresponds to the most widely planted trees for tropical and
subtropical climates around the world by its fast growth, plasticity and wood characteristics
(Keane et al. 2000, Santos et al. 2019). Eucalypts are a group of trees belonging to
the Myrtaceae botanical family, which contains the genera Angophora, Eucalyptus and
Corymbia. The three genus contain 700 species, with the majority native from Australia, but
they are also presented at a lower frequency in New Guinea, Indonesia, and the Philippines.
The adaptation of Eucalyptus species to many edaphic and geographic conditions, due to
phenotypic and genotypic plasticity (Prober et al. 2016). Across the world, the Eucalyptus
camaldulensis, Eucalyptus grandis, Eucalyptus tereticornis, Eucalyptus globulus, Eucalyptus
nitens, Eucalyptus urophylla, Eucalyptus saligna, Eucalyptus dunnii, Eucalyptus pellita, and
their hybrids are the most of the planted species, representing more than 90% of the total
Eucalyptus planted forests (Stanturf et al. 2013). Likewise, the genus Corymbia is closely
related to the genus Eucalyptus, which is highly used in commercial plantations mainly
because they are indicated to different soil and climatic conditions (McMahon et al. 2010). In
the regions of occurrence of Corymbia spp. the incidence of frosts is maily low to moderate
(Boland et al. 2006).

Generally, the eucalypt species are intensively cultivated due to their easy adaptation,
rapid growth and wood quality for cellulose, fiber panels, and charcoal production. Several
species has been cultivated because its tolerance for extreme biotic and abiotic conditions,
such as frosts, drys and fires (Hiwale 2015). According to the Brazilian Tree Industry (IBA
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2019), the planted tree sector generated around US$ 2.51 billion of revenue in federal,
state and municipal taxes in Brazil, which corresponds to 0.9% of the total Brazilian Gross
Domestic Product (GDP). Additionally, during the same period, the planted forests in Brazil
totalized 7.84 million hectares (ha), representing an increase of 0.5% when compared to
2015, due exclusively to the increase of Eucalyptus plantations. This total area of planted
forests corresponds to almost 1% of the Brazilian territory, occupying 5.67 million ha of
Eucalyptus planted areas. Therefore, considering the economic and ecological relevance
coupled to the social concerns of eucalypti species, and the limited number of species
adopted in in some regions of Southern Brazil due to frosts (Wreger et al. 2017), genetic
studies are essential to improve our comprehension regarding the characteristics of these
species.

Currently, the Eucalyptus grandis genome is commonly used as a reference in
genetic studies for Corymbia and Eucalyptus species (Butler et al. 2017; Nascimento et
al. 2017; Butler et al. 2018). However, the efficiency of using this data will depend on the
similarities on genome structure of the species (Butler et al. 2017). For this purpose, the J,,
region of the plastid genome of plant species is commonly used as a tool for genetic studies.
The J , region is an intergenic spacer that is found in one side of the chloroplast genome
junctions, located between the LSC and IR regions, which has been used in molecular
studies in Eucalyptus species because of the hypervariability of this chloroplast DNA region
(Vaillancourt and Jackson 2000). These markers are informative for evoluationary studies
among plants since they contain high polymorphism rates and conserved regions (Healey
et al. 2018). Furthermore, previous studies of eucalypti species have already proven the
relevance of chloroplast DNA for phylogenetic analysis (Sale, et al. 1996), genetic population
structure (Jackson et al. 1999, McKinnon et al. 1999), and evolutionary studies (Jackson
et al. 1999). Therefore, additional comprehension of genetic parameters is essential to
go further in the current research status quo, improving the knowledge about population
genetics and potentially use it for genetic breeding

Nonetheless, stagnation in the improvement in Eucalyptus volumetric growth is
expected (Castro et al. 2016), which reinforces the substantial importance of genetics
investigations to ensure the success of the forest breeding programs, and the better
phylogeny comprehension of the species (Vaillancourt and Jackson 2000). Therefore, the
aims of this study were: i) sequence the J , region of the chloroplast plastid (cpDNAs) of
cold-tolerant Eucalyptus and Corymbia species; ii) characterize this region by identifying
polymorphisms in cpDNAs and iii) perform phylogenetic analyzes of the species studied
based on the JLA region.
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21 MATERIAL AND METHODS

2.1 Seedlings growing and in silico analysis

Young leaves were collected from seven Eucalyptus and two Corymbia species
germinated from seeds provided by the Forestry Science and Research Institute (IPEF-
Brazil) (Table 1).

Species cpDNA Size
(bp)
Eucalyptus benthamii Maiden et Cambage 589
Eucalyptus badjensis Beuzev. & Welch 583
Corymbia eximia (Schauer) K. D. Hill & L. A. S.Johnson 552
Eucalyptus robusta Smith 582
Eucalyptus platyphylla F. Mueller 585
Eucalyptus doratoxylon F. Mueller 556
Eucalyptus leptophleba F. Mueller 545
Eucalyptus tereticornis Smith 584
Corymbia torelliana (F. Mueller) K. D. Hill & L. A. S. Johnson 558

Table 1. Description of the Eucalyptus and Corymbia species used in the study and size of the
chloroplastidial DNA samples

All species studied are cold toleran and therefore highly important to cold regions
with the occurrence of frosts. Subsequently, the seeds were germinated in plastic tubes
containing commercial substrate composed of a mixture of pine bark and vermiculite, under
50% shading in the tree nursery located at the Universidade Estadual do Centro-Oeste
(Unicentro), Irati, Parané state, Brazil.

2.2 Molecular analysis

Young leaf tissues (0.1 g) of the one individual for each specie were used to
DNA extraction according to the hexadecyltrimethylammonium bromide (CTAB) protocol
(Doyle and Doyle 1990). The cpDNA of J , region were amplified by PCR, using specific
primers cpDNAs (comprising the rp/2-trnH intergenic spacer). The primers used for J ,
region amplification were: psbAF 5-GTTATGCATGAACGTAATGCTC-3’ and {rnHR
5-CGCGCATGGTGGATTCACAAATC-3 (Sang 1997) Amplification reactions were
conducted in 50 mL final volume containing 5 mL of polymerase buffer Taq 10x (Invitrogen),
2 mL of Taq polimerase in 200 mM of each dNTP, 2 mM of MgCl,, 100 mg.mL' of BSA
(bovine serum albumin), 10 rmoL of each primer and 20 ng of genomic DNA from each
specie.

The PCR amplifications were performed in a 9700 GeneAmp thermal cycler (Applied
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Biosystems). The cycles consisted of initial denaturation stage at 94 °C for 2 min, followed
by 35 cycles at 94 °C for 1 min, 51 °C for 1 min, 72 °C for 1 min, and a final extension at 72
° C for 5 min. The quality of the amplification products was verified by electrophoresis on
0.8% agarose gel in 1x TAE buffer for 40 min at 80 V and colored using ethidium bromide.
The fragments were visualized using a UV light source and photographed with a Kodak™
Digital camera. We used a 1 kb molecular marker (Invitrogen) to estimate the size of the
amplification products. The PCR products were purified using the GFX™ PCR and Amersham
Biosciences Gel Band purification kit and then quantified using the known weight pGEM
standard. The sequencing was performed on an ABI 3100 automated sequencer (Applied
Biosystems) using the DYnamic™ kit (Amersham Biosciences). Each PCR was sequenced
using primers from GenBank database for the psbA region (5-AGACGGTTTTCRGTGC-3’)
using the same amplification parameters used for the J, , region.

2.3 Data analysis

In order to create the J, sequences, the PCR products were sequenced and
aligned using ClustalW v1.8 (http://www.clustal.org/clustal2/). The exact position of the IR/
LSC junctions was determined by DNA sequencing of the J , regions for all samples. A
comparative analysis was performed for the junction of the J , region using the sequence
previously developed for Eucalyptus grandis W. Hill ex Maiden (Vaillancourt and Jackson
2000).

2.4 Phylogenetic analyses

Phylogenetic relationships were estimated applying the maximum likelihood
method using PhyML (http://www.atgc-montpellier.fr/phyml/). Additionally, the Bayesian
inference was estimated using MrBayes (http://morphbank.ebc.uu.se/mrbayes) for 22
models proposed by Kimura (1981). We used the Akaike Information Criterium (AIC) to
select the distribution model (Kelchner and Thomas 2007) with better estimations using
jModeltest (http://darwin.uvigo.es). The AIC is based on the concept of entropy, allowing
the development of a reliable measurement of the information lost when using a model to
describe reality (Akaike 1977). This method analyzes the trade-off between the model fit
and complexity to achieve the best predictive ability. Therefore, we considered the lowest
value of AIC to perform the selection of the best model. To construct the phylogenetic tree
the species Cedrus deodara and Juniperus virginiana were used as outgroups.

31 RESULTS AND DISCUSSION

The J , region of the chloroplast DNA presented a total of 175 mutations among
species, corroborating that J , region is considered effective to detect polymorphisms on
Eucalyptus and Corymbia species, being polymorphisms commonly found in non-coding
regions of the chloroplast (Andrade et al. 2018). The presence of two Corymbia species
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(C. torelliana and C. eximia) contributed to the number of mutations observed herein, being
higher than observed by Vaillancourt and Jackson (2000) for Eucalyptus spp., mainly due
to a large number of mutations on C. forelliana. Moreover, as observed by Bayly et al.
(2013), the J, , boundary is variable, falling in different positions among genes when different
species are considered, thus increasing the polymorphisms for the J , sequences.

Most of the mutations found were classified as transversions of single-nucleotide
polymorphism (SNPs), which represents a variation of one base pair (bp) on the DNA.
Transversions represented 54.86 % of the mutations, followed by the transitions, 32.0
%, indels, 10.86 %, multistates 1.71 %, and substitutions, 0.57 %. Figure 1 illustrate the
alignment of the sequences flanking the J,, regions. For E. badjensis and E. benthamii,
more complexes insertions (indels) were observed, with an identical insertion of 25-bp at
the J , region (Figure 1). Additionally, E. platyphylla, E. tereticornis and E. robusta also
presented a complex and identical mutation of 28 bp at the position 436 (Figure 1).

f\ 180 190 200 210 220 230
T e e e e e [ I I I
Eucalyptus badjensis --——TAAGTTTTTCTTTACTTCAAC--ATAAGAAGTTTTTCTTTACTTCAACATAAGAA.
Eucalyptus benthamii --—-TAAGTTTTTCTTTACTTCAAC--ATAAGAAGTTTTTCTTTACTTCAACATAAGAA
Eucalyptus doratoxylon ----TAAGTTTTTCTTTACTTCAAC--ATAA----———————==————————————- GAA,
Corymbia eximia -—-—-TAAGTTTTTCTTTACTTCAAC--ATAA-———————————————— - ————— GAA
Eucalyptus leptophleba ----TAAGTTTTTCTTTACTTCAAC--ATAA--—-————————————————————— GAA,
Eucalyptus platyphylla ----TAAGTTTTTCTTTACTTCAAC--ATAA----————————————————————e GAA
Eucalyptus robusta --—--TAAGTTTTTCTTTACTTCAAC--ATAA--—-————————————————————— GAA,
Eucalyptus tereticornis ----TRAAGTTTTTCTTTACTTCAAC--ATAA--———————————————————————— GAA,
Corymbia torelliana --—-GAAGTTTTTTTTTACTCTTAC--ATAA-———————————————————————— GAA
13 430 440 450 460 470 480
| PP [ I | N [P P I I Y e |
Eucalyptus badjensis ATTAAG- - === === —— e — ATAGAAAARATGTTAARA
Eucalyptus benthamii ATTARAA === === o e ATAGARARATGTTAARR
Eucalyptus doratoxylon ATTAAGT-——————————————————————————— ATAGAAAAATGTTAARAR
Corymbia eximia ATTAAGT-———————————————————————— e ATAGAAAAATGTTAAAA
Eucalyptus leptophleba ATTAAG-——————————————————————————— ATAGAAAAATGTTARAR
Eucalyptus platyphylla ATTAAGATAGAAAAATGTT-ACTCATAATTAAGTATAGAAARATATTAARA
Eucalyptus robusta ATTAAGATAGAAAAATGTT-ACTCATAATTAAGTATAGAAAAATGTTTAAA
Eucalyptus tereticornis ATTAAGATAGAAAAATGTT-ACTCATAATTAAGTATAGAAAAATGTTAAAA
Corymbia torelliana ATTAAG-———————— e ATARAAAAATGTTTAAA

Figure 1. Alignment of the J , region of the nine Eucalyptus and Corymbia species. (A) The
insertions of 25-bp in Eucalyptus badjensis, Eucalyptus benthamii are shown. It is also
possible to observe the simple nucleotide variation in Corymbia torelliana at the position 179.
(B) Representation of the 28-bp indel at the position 436 for Eucalyptus robusta, Eucalyptus
platyphylla and Eucalyptus tereticornis.

The difference among Eucalyptus and Corymbia species was discussed by Butler
et al. (2017), that observed high genome conservation between Corymbia species, but
genomic contrasts were identified among Corymbia and Eucalyptus species. The great
number of SNPs probably occurred because they are considered the most commom
variations in plant DNA sequences (Morgil et al. 2020). According to Chagné et al. (2007),
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SNPs are higly abundant in the different kinds of genomes. Surprisingly, we found a more
frequent presence of transversions compared to transition variations that seems to be the
most commom SNPs class in plant genomes (Zhao et al. 2019).

Studies of chloroplastidial DNA showed intraspecific polymorphisms and related
haplotypes of eucalypti species among Symphyomyrtus (Jackson et al. 1999, Vaillancourt
and Jackson 2000) and Monocalyptus (McKinnon et al. 1999, Wheeler and Byrne 2006)
subgenera as well. In other study, Bayly et al. (2013) observed about 1000 insertions and
deletions for different genera of the eucalypti group, where 25% were variations in lengths
of mononucleotide repeats and 48% were single or multiple duplications of flanking regions.

Mutations are involved in evolutionary processes, inducing genetic diversity (Ulukapi
and Nasircilar 2018) and are important to phylogeny studies, as demonstrated in the
pioneering study by Vaillancourt et al. (2000). Additionally, there was a huge presence of
indels for the species E. badjensis, for which was observed insertions of base pairs as
well, confirming the presence of mutations in this species. Besides that, the polymorphisms
observed for the species in this study can be applied in the development of copDNA markers,
as they are a promising tool for phylogenetic analyses, breeding, and conservation programs
(Andrade et al. 2018).

Of the 22 models adjusted, the model TPM1uf (Kimura 1981) was selected to
estimate the phylogenetic tree because the lowest AIC value, indicating that the model
provides an error distribution with the smallest variation from the original patterns. We also
used two species from different genus (Cedrus deodara and Juniperus virginiana) in order
to perform a comparison between contrasting individuals. Therefore, the TPM1uf model
organized different groups according to the genetic variation. As expected, C. deodara and
J. virginiana diverged in two different groups because of the genetic distance compared to
the others. We noticed the prominence of C. torelliana in a separate group from the other
species (Figure 2). The distance among species in the dendrogram showed in Figure 2
reflected their geographical distribution in Australia (Figure 3).
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Figure 2. Phylogenetic tree constructed and implemented with the model TPM1uf (Kimura 1981)
for the Eucalyptus and Corymbia species evaluated in this study, with Cedrus deodara and
Juniperus virginiana as outgroups.
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Figure 3. Geographic distribution of the species: (A) Eucalyptus platyphylla and Eucalyptus
robusta. (B) Eucalyptus badjensis, Eucalyptus leptophleba, Eucalyptus benthamii and
Eucalyptus doratoxylon. (C) Eucalyptus tereticornis, Corymbia torelliana and Corymbia eximia.

The large taxonomic differences within eucalypt species caused a new classification
of the genus. Furthermore, the change from Eucalyptus to Corymbia was created to
encompass 133 eucalypt species. Therefore, the presence of C. torelliana in a separate
clade, while C. eximia was paraphyletic with Eucalyptus species can be a result of mutation

Conceltos_ e Conhecimentos de Métodos e Técnicas de Pesquisa Cientifica em Capitulo 7
Engenharia Florestal



process, in contrast with the observed by Bayly et al. (2013) and Schuster et al. (2018).
Besides that, the difference may be due to their different taxonomic levels as adopted by
Schuster et al. (2018), that considered C. eximiain the subgenus Blakella section Naviculares
C. torelliana in the subgenus Blakella section Torellianeae, being the former monophyletic.
Furthermore, based on chloroplastidial sequences, Bayly et al. (2013) observed different
nodes on phylogenetic analysis according to the origin region of the Eucalyptus species.

Speciation is an evolutionary process that is considered for evolutionary and
conservation studies (Wang et al. 2017), however, assessing how species are formed
and identifying these processes still remain major challenges. The changes caused by
speciation occur slowly and the inferences of each speciation are generally made from
pre-specified patterns. Considering that the occurrence of some species evaluated in this
study is in adjacent and concomitant areas, it suggests a parapatric speciation, which
occurs in a continuous environment where divergent species are adjacently and staggered
distributed or with phenological differences (Foster et al. 2007). Such specification has
already been suggested for Eucalyptus species (Healey et al. 2018). Another example that
can be interpreted this way is seen by Williams and Potts (1996), that observed phenotypic
contrasts for eucalypti species from sea level to the mountainous regions in Tasmania,
Australia, observing hybrid zones with intermediate phenotypes of different species.

Another possible process that may have occurred is the sympatric speciation,
that occurs for species distributed in overlapping areas where the gene flow is occurring,
generating infertile hybrids from a single ancestral (Foote 2018). However, the hybrids
fertility is restored by chromosomal number duplication, allowing the chromosomes pairing
and meiosis, generating then fertile hybrids. Additionally, diploid hybridization can also
culminate in speciation without polyploid events. It must also be considered the occurrence
of different evolutionary mechanisms simultaneously (Rutherford et al. 2018).

In conclusion, the small chloroplast J,, region proved to be informative for
polymorphism and suitable for phylogeny and evolutionary studies of Eucalyptus and
Corymbia species. Moreover, the information provided by the J , analysis can be adopted

in plant breeding programs.
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