Structural and functional deviations from normal growth and development of plants
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Introduction. Global changes, specially the landscape human modifications, have transformed
continuous habitats into small and isolated remnants that can show a decrease of population size and
disruptions in mating system and gene flow, resulting in a reduction in genetic diversity within
populations [11, 1].

The Brazilian savanna is an important centre of vegetal diversity [15] and is included among the 25
hotspots considered a priority for the conservation of global biodiversity [14]. This has been one of
Brazil’s most threatened ecosystems during the last few decades [5] due to deforestation, introduction of
monocultures and pastures, and fire. However, several disturbed areas of Brazilian savanna show an
intense and rapid regeneration when the causative agents of disturbance are removed or minimized.

This is particularly due to the strong bud-forming potential of many plants that provides the ability
to re-sprout after unfavourable or disturbed periods [16, 6] and to spread by vegetative propagation [10, 2],
which is a characteristic of several herbs, subshrubs and trees of Brazilian savanna. These capabilities can
lead to important long-term effects on population genetic diversity, including preventing local extinction of
several species.

Based on this, we selected Jacaranda oxyphylla, a non-arboreal heliophyte, with developed
underground system, which occurs in preserved [9] and in disturbed savanna habitats, as a model. We
hypothesize that the thickened underground system may have an important role in maintaining the genetic
process in a repeatedly and intensely disturbed habitat. So, here we investigated the morphology of
underground system and the occurrence of vegetative propagation and compared the genetic structure of
populations occurring in two distinctive habitats.
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Material and Methods.

Study populations and morphology of underground system of adult plants

We compared two populations of Jacaranda oxyphylla Cham. (Bignoniaceae), one situated in a
fragment of savanna (22°57°38”S and 48°31°22”0), herein named savanna area, and another in one area of
a recently cut eucalyptus culture, which was originally covered by savanna vegetation (22°57°02”S and
48°26°2470), called disturbed area. The two populations are located in the municipality of Botucatu, state
of Sao Paulo, South-eastern, Brazil and are about 12 kilometres apart. Voucher specimens were included
for taxonomic documentation in the «Irina Delanova Gemtchujnicov» Herbarium (BOTU) at the UNESP —
Sao Paulo State University, Institute of Biosciences of Botucatu, Botany Department (record nos. 24408,
24409, 24410, 24411, 24412).

Holes were dug around 10 specimens to analyse the morphology of the underground system. The
occurrence of vegetative propagation and re-sprouting of aerial branches from these structures was evaluated.

Molecular analysis

Total genomic DNA extraction was performed on fully extended young leaves from 46 plants, 23
from each of the populations under study, using the CTAB method described by Doyle & Doyle [7], with
modifications. Eight primers were tested (Operon Technologies — OPH04, OPH11, OPH19, OPA12,
OPA16, OPM10, OPM16, and OPR12). The DNA samples of each genotype were used in the
amplification reactions and the fragments were separated by horizontal electrophoresis in 1.5 % agarose
gel, following standard methods. The results were viewed under ultraviolet light and the images were
captured with a video camera using the EagleSightII® software program (Stratagene” v.3.2). The gels were
interpreted and each individual was genotyped according to the presence or absence of a band for each
analyzed primer. These data were employed to build the binary matrix used in the statistical analysis.

Statistical analysis of the molecular data

To analyze the distribution of genetic variability among and within populations of J. oxyphylla, only
the amplified DNA fragments of greater intensity and reproducibility were used. The percentage of
polymorphic loci, with a 95 % probability, was estimated and the distribution of the genetic variation

among (D7) and within (1 - ®gy) populations was evaluated by analysis of molecular variance —
AMOVA [8], using the GENES software program (Bioinformatica, UFV, [4]). In addition, the genetic
similarities between the populations and among the individuals of each population were calculated with the
help of the TFPGA (Tools for Population Genetic Analysis) version 1,3 software program [13]. A
dendrogram was built by the UPGMA (Unweighted Pair-Group Method using Arithmetic Averages)
algorithm developed by Sokal & Michener [17], using Jaccard’s similarity coefficient.

Results.

Morphology of underground system of adult plants

The underground system of young plants is an orthotropic axis that consists of the elongated,
sinuous hypocotyl, the stem-root transition region and a primary root that is tuberous in their proximal
region. Lateral plagiotropic roots arise below the tuberous region.

In the adult plants, the stem portion of the underground system develops in a woody, strongly
thickened perennial organ (up to 13cm) with numerous adventitious buds, morphologically characterized
as xylopodium. These resting buds are localized on the up region of the xylopodium and possess the ability
for sprouting after disturbance. Plants displaying carbonized vestiges of branches at ground level produced
new aerial twigs, indicating the species’ ability to re-sprout from the xylopodium after being burned and
losing its aerial portion. The root system of these adult plants is formed by a thickened, orthotropic tap root
that presented around 10 cm diameters at 2 meters deep indicating it can grow several meters deep.
Thickened, woody, lateral plagiotropic roots were observed 30—40cm deeper in the soil and presented
adventitious buds, which were observed sprouting only after root mechanical injury. Thus, adult plants of
J. oxyphylla show an underground cauline system (xylopodium), which originates aerial stems and a well-
developed primary root system. No connection was observed among neighbour dug up plants, indicating
absence of vegetative propagation in the J. oxyphylla studied populations.

Genetic diversity

The seven selected primers were OPH04, OPH11, OPH19, OPA12, OPA16, OPM16, and OPM10.

A total of 138 bands were found, of which only 73 were suitable for analysis. The percentage of
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polymorphic loci was 65,7 %, considering the loci whose frequency of the most common allele did not
exceed 0,95. The number of polymorphic fragments per primer varied from 4 (OPHO04) to 14 polymorphic
bands (OPA16).

No clones were detected based on RAPD analysis corroborating the previous findings in plants dug
up. The analysis of molecular variance (AMOVA) revealed that most of the genetic diversity occurred

within populations. RAPD revealed significant genetic subdivision (@ = 0,1011; P<0,001) and a
moderate differentiation between savanna and disturbed area. The J. oxyphylla populations exhibited
considerable levels of genetic diversity, 89 % of it within populations. The mean similarity (Jaccard
coefficient) among the 23 plants representing the savanna population was 0,4224 and that of the 23 plants
representing the population of the disturbed was 0,4087, while the magnitude of similarity between the
populations was higher, showing a mean value of 0,8288, revealing a little mean distance between
populations.

Discussion. The underground structures for storage or vegetative propagation are common in several
Brazilian savanna species [10]. Peculiarities of this environment favour species with renewing buds
protected at the level of the soil surface, as the hemicryptophytes, or under the ground as the cryptophytes
[3], as is the case of J. oxyphylia.

The subterranean buds of J. oxyphylla, mainly located on xylopodium, allow the reiteration of aerial
organs after disturbances, like fire or vegetation cut, or even under natural conditions, in the absence of
mechanical injury. On the other hand, the root-buds appear to be stimulated only after serious damage to
the plagiotropic roots, considering that we have just found root-sprouting plants in disturbed areas. Similar
findings are referred by Klimesova and Klimes [12] for other disturbed communities.

According to parameters established by Wright [18], the populations of J. oxyphyllla evaluated here
showed the most of the genetic variability within populations.

It is therefore possible to suppose that, the maintenance of interpopulation genetic divergence at
moderate levels can be due to the maintenance of original genotypes present in a continuous population
existing in the past, which was supported through a perennial bud bank, which persisted in the underground
system of this species, notwithstanding anthropic pressures. In this context, we suggest that xylopodium and
root buds in J. oxyphylla can be considered as a potential germplasm bank, allowing the maintenance of
original population genetic variability in rigorously and repeatedly disturbed savanna habitats.
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In woody angiosperms, reaction wood is formed usually on the upper side of inclined stems or
branches where excessive tensile growth stress causing large promotion of radial growth generates. In
general, it can be characterized by the presence of gelatinous (G) layer being formed in wood fiber cell
walls and the reduction in the number and diameter of vessels. On the other hand, in some species which
possibly belong to the primitive angiosperms, the G-layer is not always formed in reaction wood fibers.
The detailed nature of reaction wood without G-fibers in angiosperms has not been much investigated. In
addition, there are less information concerning the effects of the inclination angle of stem from the vertical
on the growth stress and anatomical characteristics in reaction wood. In the present study, the reaction
wood was artificially formed with inclination angle of 30, 50, and 70 degrees from the vertical in the stems
of Paulownia tomentosa Steud., Liriodendron tulipfera L., and Osmanthus fragrans Lour. var. aurantiacus
Makino, of which reaction wood does not form G-layer in wood fibers. Vertically straight stems were used
as normall wood in each species. The effects of inclination angle of stem from the vertical were
investigated on the longitudinal-released strain and the change of anatomical characteristics.

In each species, generation of large negative longitudinal-released strain was confirmed on the upper
side of all the inclined stems compared to the control stems having formed normal wood. Xylem formed
with inclination angle of 30 degrees showed the largest tensile stress on the upper side of the inclined stem
of P. tomentosa, whereas, in L. tulipfera and O. fragrans, inclination angle of the 50 degrees gave the
largest tensile growth stress on their stems.

In all the three species examined here, radial growth was promoted on the upper side of inclined
stems. The number of vessels in all the reaction woods formed significantly decreased in comparison with
that of normal wood, suggesting that the influence of stem inclination angle is greater rather than growth
promotion. On the other hand, the changes in the diameter of vessels and the length of wood fibers and
vessel elements were different among species and among their different inclination angles. Reaction wood
of P. tomentosa increased vessel diameter, whereas that of O. fragrans decreased it compared with normal
wood, and L. tulipfera showed no difference in vessel diameter between normal and reaction woods. The
length of wood fibers and vessel elements significantly increased in reaction wood of P. tomentosa and O.
fragrans, while both of them decreased significantly in reaction wood of L. tulipfera.

The typical three-layered structure (S1+S2+S3) was comfirmed in the secondary wall of normal
wood fibers in three species. On the other hand, reaction wood fibers of L. tulipfera and O. fragrans lacked
the S3 layer, whereas reaction wood fibers of P. tomentosa showed a three layered structure. In these
species, reaction wood formed with the inclination angle of 30 and 50 degrees showed smaller microfibril
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