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Abstract

In molecular phylogeny of Malpighiaceae, the Ptilochaetoide clade is composed of Dinemagonum, Dinemandra,
Lasiocarpus and Ptilochaeta, found in the sub-desert and desert regions of South and Central America. The
taxonomic relationship between the genera of the group is little discussed and phylogenetic studies point out to the
need for an evolutionary approach using morphoanatomical characters. Thus, based on the recurrent contribution of
leaf anatomy to taxonomic studies in Malpighiaceae, we characterized the leaf anatomy of seven species of the
Ptilochaetoide clade and listed relevant anatomical patterns for their circumscription. For this, we used standard
anatomical techniques and the anatomical data were discussed phylogenetically. The anatomical data such as:
petiole/midrib contour, petiole/midrib vascular system conformation, presence/absence of trichomes and mesophyll
organization were useful for the elaboration of the identification key. Character states: Plane-convex midrib contour,
isobilateral mesophyll and absence of trichomes were considered informative for the subclade composed by
Dinemandra and Dinemagonum, while in the other genera, no relevant morphotypes were recognized. The absence of
accessory bundles, presence of druses and sheath extension are common features in the clade and contribute to the
group description. These findings reaffirm the effectiveness of leaf anatomy in taxonomic and phylogenetic studies in
Malpighiaceae.

Keywords: Leaf morphoanatomy; Taxonomy; Character evolution; Dinemagonum; Dinemandra; Lasiocarpus;
Ptilochaeta.

Resumo

Na filogenia molecular de Malpighiaceae, o clado Ptilochaetoide é composto por Dinemagonum, Dinemandra,
Lasiocarpus e Ptilochaeta, encontrados nas regides sub-desérticas e desérticas da América do Sul e Central. A relacéo
taxondmica entre os géneros do grupo é pouco discutida e estudos filogenéticos apontam para a necessidade de uma
abordagem evolutiva utilizando caracteres morfoanatdmicos. Assim, com base na contribui¢do recorrente da anatomia
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foliar para estudos taxonémicos em Malpighiaceae, caracterizamos a anatomia foliar de sete espécies do clado
Ptilochaetoide e listamos padrbes anatdmicos relevantes para sua circunscricdo. Para isso, utilizamos técnicas
anatdmicas padréo e os dados anatémicos foram discutidos filogeneticamente. Os dados anatdbmicos como: contorno
do peciolo / nervura central, conformacéo do sistema vascular do peciolo / nervura central, presenca / auséncia de
tricomas e organizacdo do mesofilo foram (teis para a elaboracdo da chave de identificacdo. Estados de caracteres:
contorno plano-convexo da nervura central, mesofilo isobilateral e auséncia de tricomas foram considerados
informativos para o subclado composto por Dinemandra e Dinemagonum, enquanto nos demais géneros nenhum
morfotipo relevante foi reconhecido. A auséncia de feixes acessorios, presenca de drusas e extensdao da bainha séo
caracteristicas comuns no clado e contribuem para a descricdo do grupo. Esses achados reafirmam a eficacia da
anatomia foliar em estudos taxondmicos e filogenéticos em Malpighiaceae.

Palavras-chave: Morfoanatomia foliar; Taxonomia; Evolucdo de caractere; Dinemagonum; Dinemandra;
Lasiocarpus; Ptilochaeta.

Resumen

En la filogenia molecular de Malpighiaceae, el clado Ptilochaetoide esta compuesto por Dinemagonum, Dinemandra,
Lasiocarpus y Ptilochaeta, encontrados en las regiones sub- desérticas y desérticas de América del Sur y Central. La
relacion taxonoémica entre los géneros del grupo ha sido poco discutida y los estudios filogenéticos apuntan a la
necesidad de un enfoque evolutivo utilizando caracteres morfoanatémicos. Asi, con base en la contribucion de la
anatomia foliar para estudios taxonémicos en Malpighiaceae, caracterizamos la anatomia foliar de siete especies del
clado Ptilochaetoide y enumeramos patrones anatémicos relevantes para su circunscripcién. Para ello, utilizamos
técnicas anatdmicas estandar y los datos anatomicos fueron discutidos filogenéticamente. Los datos anatbmicos como:
contorno del peciolo / nervadura central, conformacion del sistema vascular del peciolo / nervadura central, presencia/
ausencia de tricomas y organizacion del mesofilo fueron Gtiles para la elaboracion de la clave de identificacion.
Estados de caracteres: contorno plano- convexo de la nervadura central, mesdéfilo isobilateral y ausencia de tricomas
fueron considerados informativos para el subclado compuesto por Dinemandra y Dinemagonum, mientras que en los
demas géneros ningin morfotipo relevante fue reconocido. La ausencia de haces accesorias, presencia de drusas y
extension de la vaina son caracteristicas comunes en el clado y contribuyen a la descripciéon del grupo. Estos
hallazgos reafirman la efectividad de la anatomia foliar en estudios taxonémicos y filogenéticos en Malpighiaceae.
Palabras clave: Morfoanatomia foliar; Taxonomia; Evolucién del caracter; Dinemagonum; Dinemandra;
Lasiocarpus; Ptilochaeta.

1. Introduction

Malpighiaceae has approximately 77 genera and 1.300 species distributed in tropical and subtropical regions of the
world (Davis & Anderson 2010). In the most recent phylogeny of the family, 14 large clades were recovered and named
informally. Among them, the Ptilochaetoide clade is currently constituted by two well-supported subclades restricted to sub-
desert and desert regions of South and Central America. The first is composed by Dinemagonum A. Juss., Dinemandra A. Juss.
and the second by Lasiocarpus Liebm. and Ptilochaeta Turcz. (Davis & Anderson 2010). According to Davis et al. (2001),
each of these subclades has similar morphological features. However, the four genera together are different in most
morphological characters, mainly regarding the fruits, and both share a similar type of multicoporate pollen. Ptilochaeta is the
largest genus of the clade comprising four species of shrubs or small trees occurring along the South American dry diagonal,
including Argentina, Brazil and Paraguay (Niedenzu 1928). Its species are easily recognized by presenting deciduous leaves
during the flowering period, yellow actinomorphic flowers grouped in sessile umbels, sepals with no elaiophores and
mericarps with bristles (Niedenzu 1928; Davis & Anderson 2010). The Lasiocarpus genus has two species of shrubs or small
trees endemic to Mexican dry forests. Its flowers are white or yellow and actinomorphic, with eglandular calyx and groupd in
sessile panicular corymbs (Niedenzu 1928; Davis & Anderson 2010). Dinemagonum and Dinemandra are monospecific and
found in Argentina and Chile. They are both bushes and the only ones in the clade with glands in the calyx (Simpson 1989).
They differ in terms of fruit morphology: Dinemandra has mericarps with two large lateral wings on the dorsal surface while
Dinemagonum has mericarps with a single median dorsal wing (Niedenzu 1928; Simpson 1989). Although they present
characters which distinguish them, the vast majority are concentrated in reproductive organs, so, in the absence of such

structures, there is a problem in the classification of genera.
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In view of this, the anatomy with a taxonomic focus has been used since the 19th century, in order to help with the
identification of species which are not in its reproductive phase (Solereder 1908; Metcalfe & Chalk 1979). In Malpighiaceae,
recent studies in this field can be highlighted, as in the genera Amorimia W.R. Anderson (Mello et al., 2019), Banisteriopsis C.
B Rob ex Small (Aradjo et al., 2010; Aradjo et al., 2020), Byrsonima Rico. ex Kunth (Aradjo et al., 2010; Silva et al., 2011;
Santos et al., 2020), Heteropterys HBK (Maciel et al., 2020; Aradjo et al., 2010) Camarea A. St-Hill (Camara et al., 2020;
Mamede 1993) and Stigmaphyllon A. Juss (Guimardes et al., 2016). Given the effectiveness of this method in taxonomic
studies, we provide descriptive anatomical analysis of seven of eight species which comprise the Ptilochaetoid clade in order to
help distinguish these taxa and provide new information for the group, which can support future phylogenetic approaches on

the family.

2. Methodology

Qualitative methods were used to prepare this study. According to Pereira et al. (2018) the use of qualitative methods
is important for the interpretation by the researcher with his opinions about the phenomenon under study. The analyzed species
were (List of species): Dinemandra ericoides A. Juss., Dinemagonum gayanum A. Juss., Lasiocarpus salicifolius Liebm.,
Ptilochaeta bahiensis Turcz., Ptilochaeta densiflora Nied., Ptilochaeta glabra Nied., Ptilochaeta nudipes Griseb.

The material obtained from different herbariums (List of species) was subjected to the process of reversal of
herborization, according to the methodology by Smith & Smith (1942), which consists of boiling the material in distilled water
until submersion (on average 5 minutes), never letting it pass 15 of boiling. As soon as the leaves reached room temperature,
they were dipped in 2% KOH solution to complete the reversal process (on average 2 hours). After that, the leaves were
washed four times in distilled water with 20-minute intervals, and right after, dehydrated in a 10%, 30% and 50% ethyl series
and stored in 70% ethanol.

The material was sectioned by hand, with the aid of a razor blade, to obtain transverse sections of petiole’s median
region and leaf blade. The sections were clarified in sodium hypochlorite at 20% and stained with basic fuchsin - astra blue,
mounted in glycerin gelatin and sealed with colorless varnish (Kraus & Arduin 1997). Part of the samples was subjected to a
modified clearing process by Foster (1950). The selected material was kept in a sodium hydroxide solution for two hours,
washed in distilled water four times and them put in 50% sodium hypochlorite until they were transparent. The cuts were
washed four times in distilled water, dehydrated in an ethyl series to 50% ethanol at 20-minute intervals and stained with
alcoholic fuchsin. The slides were mounted in glycerin gelatin and coated with colorless varnish. Leaf venation classification
was based on Ellis et al. (2009).

The analysis and photographic documentation were performed using a Coleman photomicroscope with U-Photo
system. In addition, the species were compared to each other according to the identified characters, using a multi-state table
(Table 1).

List of species and vouchers used in this study.

Dinemandra ericoides A. Juss: T. Morong 1237(MO 2854632). Dinemagonum gayanum A. Juss: B.B. Simpson s.n. (US
3180228). Lasiocarpus salicifolius Liebm: J.L. Panero 5506 (US 3661250). Ptilochaeta bahiensis Turcz: M.L. Guedes
16197 (HUEFS). Ptilochaeta densiflora Nied: D.N. Carvalho 296 (HUEFS), M.L. Guedes 15907 (HUEFS 153241).
Ptilochaeta glabra Nied: D.N. Carvalho 159 (HUEFS 190089). Ptilochaeta nudipes Griseb: Silva, RH; Costa, JP; Magmam,
VIC 997 (SP 467839).
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3. Results

3.1 Petiole anatomical characters

From the analyses performed, it was possible to observe three types of petiole contour: biconvex (Figure 1A) in
Lasiocarpus salicifolius, plane-convex (Figure 1B) in Ptilochaeta bahiensis, P. densiflora and P. nudipes and circular (Figure
1C) in Dinemandra glaberrima, Dinemagonum gayanum and P. glabra. When present in the petiole, Malpighian trichomes
present T-shaped (Figure 1D), Y-shaped (Figure 1E) and V-shaped (Figure 1F) morphotypes. In Ptilochaeta bahiensis, P.
densiflora and P. nudipes all three types are present, while in P. glabra only the Y-shaped type is present. All other species are
glabrous. Most species have a thin cuticle (Figure 1C), while P. densiflora and L. salicifolius present a thick one (Figure 1A).
Uni-stratified epidermis (Figure 1C) and the absence of accessory bundles are common for all species evaluated.

The presence of sclerenchymatic tissue (Figure 1C) close to the vascular bundles is observed in Dinemagonum
gayanum, Dinemandra glaberrima and Ptilochaeta densiflora, while absent in other species. As for the conformation of the
vascular system, five types are observed: open arch in L. salicifolius (Figure 2A), open arch formed by three bundles (Figure
1B) in P. bahiensis, plane-convex (Figure 2B) in Dinemagonum gayanum, Ptilochaeta densiflora and P. nudipes, circular
formed by a single bundle (Figure 1C) in Dinemandra glaberrima and circular formed by eight bundles (Figure 2C) in P.

glabra. Druses are present in all species (Figure 2D).
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Figure 1: Anatomical features of the leaves of the Ptilochaetoide clade. A - Biconvex contour of the petiole and open arch
conformation of the vascular system in Lasiocarpus salicifolius; B - Plane-convex petiole contour and vascular system
conformation in open arch formed by three bundles (arrow) in Ptilochaeta bahiensis; C - Circular petiole contour and circular
vascular system conformation formed by a single bundle in Dinemandra glaberrima; D - T-shaped trichome in Ptilochaeta
bahiensis. ; E — Y-shaped trichomes in Ptilochaeta densiflora; F — V-shaped trichome (arrow) in Ptilochaeta bahiensis.
Abbreviations: C = Cuticle; UE = uni-stratified epidermis; P = Phloem; X = xylem; Sc = Sclerenchymatic fibers.

Fonte: Autores.
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3.2 Anatomical characters of the leaf blade

The midrib contour of the biconvex type (Figure 2E) is observed in Lasiocarpus salicifolius, Ptilochaeta densiflora, P.
glabra and P. nudipes and plane-convex type (Figure 2F) in Dinemandra glaberrima, Dinemagonum gayanum and P.
bahiensis. T-shaped trichomes are present in Ptilochaeta bahiensis, P. densiflora and P. nudipes, while all other species are
glabrous. All species present a thin cuticle (Figure 2F) and hypostomatic leaves with stomata at the same level as the ordinary
epidermal cells. The epidermis is bi-stratified non-continuous in the adaxial face and uni-stratified in the abaxial face (Figure
2F) in Dinemandra glaberrima, Lasiocarpus salicifolius and Ptilochaeta glabra, and uni-stratified in both faces (Figure 2E) in
Dinemagonum gayanum, Ptilochaeta bahiensis, P. densiflora and P. nudipes. Angular collenchyma is present in all species.

Sclerenchyma surrounding the vascular bundles (Figure 2E) is observed in most species, with the exception of
Lasiocarpus salicifolius, which has no sclerenchymatic tissue close to the bundle. The conformation of the vascular bundle of
the midrib is of open arch type (Figure 3B) in Dinemandra glaberrima, Dinemagonum gayanum, Lasiocarpus salicifolius,
Ptilochaeta bahiensis and P. glabra and plane-convex in Ptilochaeta densiflora and P. nudipes (Figure 2E).
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Figure 2: Anatomical features of the leaves of the Ptilochaetoide clade A - Open arch conformation of the petiole vascular
system in Lasiocarpus salicifolius; B - Plane-convex conformation of petiole vascular system in Ptilochaeta densiflora; C -
Circular conformation of the vascular system formed by eight bundles in Ptilochaeta glabra; D - Druse in Ptilochaeta
densiflora; E - Midrib contour in Ptilochaeta densiflora; F - Midrib contour in Dinemandra glaberrima. Abbreviation: C =
Cuticle; D = Druses; BE = Bi-stratified non-continuous epidermis; UE = uni-stratified epidermis; P = Phloem; X = xylem; Sc =
Schlerenchymatic fibers.

> e

Fonte: Autores.

Isobilateral mesophyll (Figure 3C) is presented by Dinemagonum gayanum and Dinemandra glaberrima, while in

Lasiocarpus salicifolius, Ptilochaeta bahiensis, P. densiflora, P. glabra and P. nudipes it is dorsiventral (Figure 3D). Sheath

7


http://dx.doi.org/10.33448/rsd-v10i5.14756
http://dx.doi.org/10.33448/rsd-v10i5.14756
http://dx.doi.org/10.33448/rsd-v10i5.14756

Research, Society and Development, v. 10, n. 5, €18410514756, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i5.14756

extension (Figure 3D) is observed in Lasiocarpus salicifolius, P. glabra and P. nudipes, while Dinemandra glaberrima,
Dinemagonum gayanum, Ptilochaeta densiflora and P. bahiensis have no sheath extension. The presence of druses (Figure 2D)

is common to all species.

Figure 3: Anatomical features of the leaves of the Ptilochaetoide clade. A - Stomata in the abaxial face in Lasiocarpus
salicifolius; B - Open arch conformation of the midrib vascular system in Lasiocarpus salicifolius; C - Isobilateral mesophyll
in Dinemandra glaberrima; D - Dorsiventral mesophyll in Lasiocarpus salicifolius. Abbreviations: SE = Sheath extension; P =
Phloem; PP = Palisade parenchyma; SP = Spongy parenchyma; X = Xylem.

Fonte: Autores.

As for the venation pattern, all species have pinned primary veins and no basal veins (Figure 4A). The secondary veins
split and do not reach the margin, which characterizes the brochidodromous pattern (Figure 4B), while mixed secondary veins
and inner secondary veins are absent. Perimarginal veins with marginal termination (Figure 4B) are common to all species.
Most of the tertiary veins are mixed (Figure 4D). The quaternary veins are alternate and the quintenary are irregular reticulated

(Figure 4D). The species present well-developed areolas, and the last marginal veins form loops (Figure 4D).
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Figure 4: Clarified leaves from the Ptilochaetoide clade. A - Primary venation in Ptilochaeta nudipes; B - Secondary and
perimarginal veins with marginal termination in Ptilochaeta densiflora; C - Tertiary mixed veins in Ptilochaeta nudipes; D -
Quaternary and quinternary veins in Ptilochaeta densiflora. Abbreviations: L "Loops"; MV = Marginal Vein; 1st = Primary
Vein; 2nd = Secondary vein; 3rd = Tertiary vein; 4th = Quaternary vein; 5th = Quinternary vein.

ek A

Fonte: Autores.

3.3 Identification Key
1. Isobilateral mesophyll (Figure 3C)

17 Dorsiventral mesOPhYIl (FIGUIE 3D) ... .uiuiii ittt e e e e ettt et e e e e et et e e e e e eneaaes 3

2. Circular conformation of the vascular bundle of the petiole (Figure 1C); bi-stratified non-continuous epidermis in the adaxial

face of the leaf blade (FIQUIE 2F) ...oeinie e e e e e e Dinemandra glaberrima

2’. Plane-convex conformation of the vascular bundle of the petiole (Figure 2B); uni-stratified eipdermis in the adaxial face of

the 1eaf Dlade (FIGUIE 2E) ..ot Dinemagonum gayanum

3. Plane-convex conformation of the vascular bundle of the midrib (Figure 2E) ... 4
3’ Open arch conformation of the vascular bundle of the midrib (FIQUIE 3B) ....ccccvvceriireieriiisisere e e 5
4. Presence of sheath extension in mesophyll vascular bundles (Figure 3D) .......cccoveevevvievienenie e Ptilochaeta nudipes

4’. Absence of sheath extension in mesophyll vascular bundles...........ccceeerveririeinieinieenieeees e Ptilochaeta densiflora
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5. Trichomes absent in the PELIOIE ..o e Lasiocarpus salicifolius
5. Trichomes present in the petiole (FIGUIE 1D-1E-1F) .....cccoioiiiiiieieieieise e bbbttt et 6

6. Petiole vascular bundle circular formed by eight bundles (Figure 2C) ......ccccovviiiiiiie i Ptilochaeta glabra
6. Petiole vascular bundle in open arch formed by three bundles (Figure 1B) .......cccccovvrviiiennieniniennnenn Ptilochaeta bahiensis

Table 1: List of anatomical features of the leave, with its respective character state used for the elaboration of the
multistate/binary matrix. Character 01 - Petiole contour: (0) Circular; (1) Plane-convex; (2) Biconvex; Character 02 - Tector
trichomes in the petiole: (0) Absent; (1) Y-shaped; (2) T, V and Y-shaped; Character 03 - Petiole cuticle: (0)Thick; (1) Thin;
Character 04 - Petiole epidermis:; (0) Uni-stratified; (1) Bi-stratified; Character 05 - Accessory bundles: (0) Absent; (1)
Present; Character 06 - Conformation of the petiole vascular system: (0) Open arch; (1) Open arch formed by three bundles;
(2) Circular formed by one bundle; (3) Circular formed by eight bundles (4) Plane-convex; Character 07 - Druses in the
petiole: (0) Present; (1) Absent; Character 08 - Midrib contour: (0) Biconvex; (1) Plane-convex; Character 09 - Tector
trichomes in the leaf blade: (0) Absent; (1) T and Y-shaped; Character 10 - Leaf blade cuticle: (0) Thick; (1) Thin; Character
11 - Stomata disposition in the leaf blade: (0) Hypostomatic leaf; (1) Amphistomatic leaf; Character 12 - Leaf blade
epidermis: (0) Uni-stratified in both faces; (1) Bi-stratified non-continuous in the adaxial face and uni-stratified in the abaxial
face; Character 13 - Collenchyma in the leaf blade: (0) Angular (1) Annular; Character 14 - Conformation of the midrib
vascular system: (0) Open arch; (1) Plane-convex; Character 15 - Mesophyll organization: (0) Dorsiventral; (1) Isobilateral;
Character 16 - Sheath Extension: (0) Present; (1) Absent; Character 17 - Druses in the leaf blade: (0) Present; (1) Absent.

Species 01 |02 |03 |04 |05 |06 |07 |08 |09 |10 |11 {12 |13 |14 |15 |16 |17
Dinemandra 0 0 1 0 0 2 0 1 0 1 0 1 0 0 1 1 0
glaberrima

Dinemagonum 0 0 1 0 0 4 0 1 0 1 0 0 0 0 1 1 0
gayanum

Lasiocarpus 2 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
salicifolius

Ptilochaeta bahiensis | 1 | 2 1 |10 |0 1 1|0 1 1 1 0O |0 |0 (0 |O 1 10
Ptilochaeta 1 12 |0 |0 (0O (4 |0 |O 1 1 0O |0 |O 1 1|0 1 10
densiflora

Ptilochaeta glabra 0 1 1 0 0 3 0 0 |0 1 0 1 0 |0

Ptilochaeta nudipes 112 |1 (0 (0O (4 |O |O |1 |1 (0 |O

Fonte: Autores.

4. Discussion

The anatomical characters obtained in the present analysis help in the circumscription of the genera of the clade and
may contribute to the resolution of taxonomic problems in future studies in Malpighiaceae. This fact indicates the importance
of leaf anatomy in the resolution of taxonomic problems in Malpighiaceae and its contribution to phylogenetic approaches.

The petiole contour is considered taxonomically relevant for several genera in Malpighiaceae, such as: Banisteriopsis,
Byrsonima, Heteropterys and Stigmaphyllon (Aradjo et al., 2010; Guimardes et al., 2016; Aradjo et al., 2020; Santos et al.,
2020). The importance of this character can also be seen in the distinction of species of the Ptilochaetoide clade. It also allows
the characterization of the subclades Dinemandra and Dinemagonum, both of which presents a circular petiole contour. Thus,
the petiole contour may support future studies with phylogenetic and taxonomic focus on the group.

Another anatomical attribute with relevance in the description of taxa in the family is the midrib contour, as shown in
studies by Santos et al. (2020) with Byrsonima and Aradjo et al. (2020) with Banisteriopsis, in which the observed patterns are
promising for the species taxonomy. For the group under study, the observed patterns contribute to the identification of species

and the plane-convex midrib contour type characterizes the subclade of the genera Dinemandra and Dinemagonum. Thus, this
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feature is informative for Ptilochaetoide and must be considered relevant for the distinction of other unresolved groups within
the family.

Araujo et al. (2010) considered trichomes taxonomically important for the species of Banisteriopsis, Byrsonima and
Heteropterys and, corroborating Metcalfe and Chalk (1979), the presence/absence of such structures is useful for the
identification of species. The taxonomic applicability of trichomes was also recently considered by Aradjo et al. (2020) with
Banisteriopsis and Santos et al. (2020) with Byrsonima. For the taxa under study, the presence/absence of trichomes on the leaf
is a representative feature in the genera Dinemandra and Dinemagonum, once they characterize the subclade to which they
belong. Furthermore, the presence/absence of trichomes has diagnostic value for the other species of the clade, corroborating
with mentioned studies and reaffirming the importance of this feature for the taxonomy of Malpighiaceae.

The anatomical patterns related to the accessory bundles in the petiole are useful for the taxonomy of Malpighiaceae,
as shown by Santos et al. (2020) in Byrsonima, whose number of bundles can distinguish species. As for Banisteriopsis, only
the presence/absence of such structures was significant to distinguish the evaluated taxa (Aradjo et al., 2020). In the
Ptilochaetoide clade there was no variation of this feature. Therefore, the pattern observed between the genera represents a
promising feature for future phylogenetic approaches of the clade.

Metcalfe and Chalk (1979) mention that the conformation of the vascular system of the petiole is a diagnostic feature
for different taxa, since it does not change due to environmental pressure. Thus, the different states of this character identified
here were useful for distinguishing species within the clade. The different patterns of conformation of the petiole vascular
system observed in Malpighiaceae contribute to the delimitation of species from other clades of the family, as reported for
Byrsonimoides (Aradjo et al., 2010; Santos et al., 2020), Stigmaphylloides (Aradjo et al., 2010; Guimarées et al., 2016; Araujo
et al., 2020) and Tetrapteroides (Araujo et al., 2010) and may be relevant to other groups in Malpighiaceae.

The conformation of the vascular system of the midrib is significant for other species of the clade under study, since
the anatomical patterns observed help to distinguish Ptilochaetoides species. This character was used by several authors in
order to delimit species in the family, as in the following genera: Amorimia by Mello et al. (2019), Banisteriopsis, Byrsonima
and Heteropterys by Aradjo et al. (2010), Diacidia by Santos et al. (2020) and Stigmaphyllon by Guimaraes et al. (2016). Thus,
the vascular bundle conformation of both midrib and petiole, contributes to the taxonomy of different taxa within the family
and deserves to be highlighted in future studies.

The mesophyll organization is highlighted in anatomical studies of Malpighiaceae for presenting taxonomic
importance. Metcalfe and Chalk (1979) mention that the types of mesophyll are informative for the family. Its taxonomic
applicability is also pointed out for other botanical families such as Sapotaceae, Salicaceae and Piperaceae (Gogosz et al.,
2010; Thadeo & Meira 2014; Lima et al., 2018). In Ptilochaetoide, the mesophyll organization is also significant for the
distinction of its representatives, demonstrating its relevance for the taxonomy of undefined groups within the family.

The presence/absence of sheath extension of the mesophyll vascular bundles is significant, as shown by Aradjo et al.
(2010) with Banisteriopsis, Byrsonima and Heteropterys and in more recent studies by Santos et al. (2020) with Byrsonima and
Aratjo et al. (2020) with Banisteriopsis. In Ptilochaetoides, the presence/absence of vascular bundle sheath extension helps in
the taxonomy of the group and the presence of such structure is most species evaluated may be considered as a promising
feature for future studies with phylogenetic approaches.

Santos et al. (2020) mention that the similarity of features related to leaf venation in Byrsonima restricts its use,
helping only at a generic level. The same occurs in the genera here evaluated, in which leaf venation is not very informative for
the distinction of species because of the similarity observed between the taxa. Other authors also used leaf venation features as

a subsidy to taxonomy in other genera of the family, as Mello et al. (2019) with Amorimia and Aradjo et al. (2010) with
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Byrsonima, Banisteriopsis and Heteropterys. Thus, the venation deserves to be highlighted in future investigations in order to
test its level of taxonomic utility in Malpighiaceae.

In the phylogenetic approach by Davis et al. (2001) based on DNA sequences and pollen morphology and by Davis &
Anderson (2010) based on molecular and morphological data, the genera Dinemandra, Dinemagonum, Lasiocarpus and
Ptilochaeta form a clade composed by two subclades, both well supported. The first subclade is formed by Dinemandra and
Dinemagonum and the second one by Lasiocarpus and Ptilochaeta. In view of the data obtained in the present analysis and the
taxonomic and phylogenetic relevance of anatomical characters for Malpighiaceae, it was possible to characterize the
subclades and justify the relationship between the genera of the Ptilochaetoide clade. The first subclade can be characterized by
the circular petiole contour, plane-convex midrib contour, isobilateral mesophyll, absence of sheath extension and absence of
trichomes in the leaf blade. The second subclade can be characterized by being the only one in the clade with a dorsiventral
mesophyll. The relationship between the four genera of the clade can be justified by the absence of accessory bundles and the
presence of druses in the leaf blade. These findings corroborate the observations of Davis & Anderson (2010), who mention
the morphological similarity between Lasiocarpus and Ptilochaeta, both presenting radial corolla and no calicinal glands. The
relationship between Dinemandra and Dinemagonum is also justified by the presence of highly pedunculated calicinal glands
and a zygomorphic corolla (Anderson et al., 2006).

5. Conclusion

The anatomical features of the petiole and midrib such as: petiole/midrib contour, petiole/midrib vascular system
conformation, presence/absence of trichomes and mesophyll organization are relevant for the taxonomy of Ptilochaetoides.

Also, we highlight that the circular petiole contour, plane-convex midrib contour, isobilateral mesophyll, absence of
sheath extension and absence of trichomes are phylogenetically informative for Dinemandra and Dinemagonum, and the
formed subclade is represented by these distinctive patterns. The absence of accessory bundles and presence of druses justify
the relation between the four genera included in the Ptilochaetoide clade.

Therefore, these findings corroborate the leaf anatomy as a subsidy in the circumscription of taxa in Malpighiaceae,
contributing to future phylogenetic studies with the aim of pointing out morphoanatomical characters that justify the

relationship between unresolved groups within the family.
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