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Resumo

SILVA, Priscilla Caroline, M.Sc., Universidade Federal de Vicosa, julho de 2012. O
cariotipo unico de Henochilus wheatlandii (Characidae:Bryconinae) um peixe
criticamente ameacado numa regido de rapido desenvolvimento no Estado de
Minas Gerais, Brasil. Orientador: Jorge Abdala Dergam dos Santos. Coorientadores:
Karla Suemy Clemente Yotoko, Karine Frehner Kavalco e José Cola Zandncio.

Henochilus wheatlandii, Unica espécie desse género, esta criticamente ameacada e por
mais de um século foi considerada extinta. A sua redescoberta em 1996 tornou
possivel o estudo das relacbes filogenéticas desta espécie dentro da subfamilia
Bryconinae. O objetivo desse estudo foi caracterizar o perfil citogenético: coloracédo
convencional, bandamento C, NORs, CMA3 e hibridizacdo fluorescente in situ FISH
com sondas de rDNA 18S e 5S de rDNA em quatro exemplares de H. wheatlandii,
coletados no rio Santo Anténio, sub-bacia do rio Doce no municipio de Ferros, Minas
Gerais, Brasil. Os resultados foram comparados com os equivalentes das espécies de
Bryconinae. Henochilus wheatlandii possui o0 mesmo numero dipléide e morfologia
cromossdmica das demais espécies de Bryconinae. No entanto, seu padrdo de
heterocromatina, o padrdo de NOR e o FISH mostraram um perfil citogenético Unico
entre os briconineos neotropicais, enfatizando a unicidade evolutiva desta espécie

ameacada.



Abstract

SILVA, Priscilla Caroline, M.Sc., Universidade Federal de Vigosa, July, 2012. The
unique karyotype of Henochilus wheatlandii, a critically endangered fish living in a
fast-developing region in Minas Gerais State, Brazil. Adviser: Jorge Abdala Dergam
dos Santos. Co-advisers: Karla Suemy Clemente Yotoko, Karine Frehner Kavalco e
José Cola Zanudncio.

Henochilus wheatlandii, the only species of this genus, is critically endangered and was
considered extinct for over a century. The rediscovery of this fish in 1996 made it
possible to study its phylogenetic relationships with other species in the subfamily
Bryconinae. The aim of this study was to characterise the karyotype of H. wheatlandii.
Standard staining, C-positive heterochromatin and nucleolar organiser region (NOR)
banding, chromomycin Aj staining, and fluorescent in situ hybridisation (FISH) using
5S rDNA and 18S rDNA probes were conducted on nineteen specimens collected in the
Santo Antonio River, a sub-basin of the Doce River in Ferros municipality, Minas
Gerais State, Brazil. Henochilus wheatlandii shared the same diploid number and
chromosome morphology as other species of Bryconinae. However, its heterochromatin
distribution patterns, NOR localisation, and FISH patterns revealed a cytogenetic profile
unique among Neotropical Bryconinae, emphasizing the evolutionary uniqueness of this

threatened species.



1 Introducéo Geral

O género Henochilus e sua Unica espécie (Henochilus wheatlandii) foi descrito
por Garman em 1890 [1], com base em um Unico espécime coletado pela expedi¢do
Tayer (1865-18667) na Bacia do rio Mucuri [2]. Apds o0 primeiro registro, um segundo
foi realizado pela mesma expedicdo, porém sem detalhes sobre localidade de coleta [3].
A partir de entdo esforcos em busca de populacdes de H. wheatlandii foram realizados
por mais de um seculo na localidade tipo, mas sem sucesso. Este fato fez com que
Henochilus fosse considerado em risco de extingédo [4] ou mesmo extinto [5]. Em 1996
durante uma expedic¢do ao rio Santo Antonio, sub bacia do rio Doce, localizada ao sul
do rio Mucuri, Vieira e colegas [6] redescobriram uma populagdo de H. wheatlandii.
Desde entdo a localidade do hol6tipo tem sido colocada em questdo com Vieira e
colegas [6] propondo duas hipoteses: a primeira é que as populagdes do rio Mucuri se
extinguiram durante o século 20 e a segunda seria erro na determinacdo da localidade
tipo do holétipo. Castro e colegas [2] realizaram analises morfolégicas em espécimes de
H. wheatlandii do rio Santo Ant6nio e nos hol6tipos, supostamente coletados no rio
Mucuri. Este autor relata o encontro de caracteristicas diferentes entre os espécimes de
cada bacia, fato atribuido a ontogenia. As popula¢des do rio Santo Ant6nio apresentam
diferencas ontogenéticas em relacdo a altura do corpo, alimentacdo, denticdo e trato

digestorio [2].

Desde a descricdo, a posicdo filogenética de Henochilus é polémica, com
inimeras mudancas entre subfamilias. Garman [1] considerou 0 novo género como
relacionado a Tetragonopterus e Scissor, mas sem prover maiores comentarios a
sugestdo. Quarenta anos mais tarde, Eigenmann e Mayers [3] consideraram Henochilus
como um “membro aberrante” de Tetragonopterinae, propondo o agrupamento deste

com Psalidodon gymnodontus por considerarem a denticdo entre os dois géneros
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similares, mas Unicas entre os Characidae. Géry [7] baseado principalmente na denticéo
agrupa estes dois géneros na tribo Henochilini na subfamilia Cheirodontinae e comenta
que Henochilus possui caracteristicas que o faz uma forma intermediéria entre
Cheirodontinae e Tetragonopterinae. Malabarba [8], por sua vez, ao redefinir a
subfamilia Cheirodontinae exclui Henochilus e Psalidodon que passam a ser
considerados incertae sedis em Characidae. Zanata [9] ao realizar uma anélise de
caracteristicas morfoldgicas da subfamilia Bryconinae, considera que Henochilus possui
uma série de caracteres semelhantes a Chilobrycon. Finalmente em 2003, Lima [10]
considera Henochilus como género da subfamilia Bryconinae. Analises morfolégicas e
moleculares realizadas por Castro e colegas [2] confirmam a existéncia de
caracteristicas comuns entre Henochilus e o0s outros Bryconinae. Assim como
Henochilus a subfamilia Bryconinae possui filogenia confusa, com inclusbes e
exclusdes de géneros, bem como mudancas até mesmo de nivel hierarquico ao longo do
tempo. O primeiro a utilizar o termo Bryconinae foi Eigenmann [11] em uma tentativa
de agrupar Chalceus e Brycon, mas em 1964 Géry [12] propde a subfamilia Chalceinae
para substituir Bryconinae. Ao reanalizar Chalceus e Brycon, em 1977 Geéry [7] retoma
0 termo Bryconinae e cria trés tribos dentro da subfamilia: Bryconini, Triportheini e
Salminini. Devido a retencdo de uma serie de caracteristicas plesiomorficas, Bryconinae
e outros géneros de Characidae formam um clado mais basal e irmdo dos restantes
grupos desta familia, Uj [13] sugere entdo a elevacdo de Bryconinae ao nivel de familia,
a qual incluiria Brycon, Chalceus, Catabasis, Lignobrycon, Salminus, Triportheus,
Chilobrycon e Bryconexodon. Em 2003, Lima [10] incluiu o género Salminus entre os
incertae sedis e considera a subfamilia Bryconinae composta por apenas 0S géneros
Brycon, Chilobrycon e Henochilus. Caracteres morfoldgicos [2, 10, 14] e dados

moleculares até 2011 confirmavam a monofilia de Bryconinae [2, 15, 16]. Porém uma



analise molecular, utilizando 2 genes mitocondriais (Citocromo b e 16 S) e 3 genes
nucleares (Gene Ativador de Recombinacéo 1 e 2 e Gene da Cadeia Pesada da Miosina
6), demonstrou o parafiletismo de Bryconinae, uma vez que 0 género Salminus
agrupou-se dentre as espécies de Brycon [17]. Uma série de estudos moleculares ja
sugeria uma relacdo filogenética estreita entre Salminus e os Bryconinae [2, 16, 18-20],
inclusive Oliveira e colegas [16] sugerem o taxon Bryconidae (Salmininae +
Bryconinae) (figura 1). O parafiletismo do género Brycon é inquestionavel, visto a
estreita relacdo de espécies do género com Chilobrycon, Henochilus e Salminus [15-17]
(figura 2). Howes [14] considera 0 género Brycon mal-delimitado devido aos caracteres
definidores fluidos e muitas vezes plesiomdrficos, presentes em varios membros da
familia Characidae. A principal diferenca morfol6gica entre Henochilus e Brycon é o
namero de fileiras no pré-maxilar [2], caracteristica considerada insuficiente para a ndo
sinonimizacdo de Henochilus em Brycon [15]. A maioria das espécies de Brycon séo
endémicas e poucas foram estudadas do ponto de vista citogenético.

A comparagdo de cariétipos tem sido cada vez mais utilizada na elaboragdo ou
complementacdo de hipdteses filogenéticas elaboradas a partir de um Gnico gene ou
conjunto destes [21]. SubstituicGes nas sequéncias de nucleotideos e modificagdes na
evolugdo cromossdmica sdo dirigidas por processos diferentes; quando dados
independentes sdo usados em conjunto permitem a formulacdo de hipdteses
filogenéticas mais robustas. A evolugdo cromossémica é representada basicamente por
rearranjos cromossdmicos que desempenham um papel principal nos eventos de
especiagdo [22]. Os rearranjos podem ser divididos em trés classes: os rearranjos
robertsonianos sdo as fusdes, fissbes e translocacOes; as inversdes pericéntricas e
paracéntricas; e a adicdo ou delecdo de heterocromatina, sendo esta ultima classe

considerada neutra e sem efeito direto em processos de especiacdo [23]. As duas



primeiras classes de rearranjos (translocagdes, fissdes, fussbes e inversdes) séo
consideradas dominantes por possuirem efeitos na especiacdo ja que ocasionam a
supressdo da recombinagdo durante a meiose [24, 25], impedindo desta forma o fluxo
génico entre grandes regides genbmicas [26]. A supressdo de recombinacdo é
tipicamente associada a inversdes [27, 28] e pode explicar as especia¢fes simpétricas e
parapatricas, dificeis de explicar pelos classicos modelos de evolugdo cromossdmica
que sugerem adaptacOes nos cariétipos principalmente por isolamento geogréafico [29].
As premissas do modelo de supressdo de recombinacdo foram testadas
matematicamente através de comparacdes entre as sequéncias de DNA genémico de
humanos e chipanzés em diferentes regides cromossdmicas e o resultado encontrado foi
de que genes com taxas mais altas de evolugdo se encontram em Cromossomos
rearranjados [30]. Este resultado foi interpretado como uma evidéncia de que as
inversoes facilitam a adaptacdo evolutiva na presenca de fluxo génico [30]. Genes com
maiores taxas de evolucdo dentro ou proximos de regides onde ocorreram inversées
também sdo registrados em Drosophila, Anopheles e Ragholetis [31]. A reducdo de
recombinacdo associada a inversdes pode facilitar a especiacdo [32, 33, 34], inclusive
simpatrica, pela diminui¢do do fluxo génico [29]. As inversBes, ao alocarem alelos em
loci diferentes, influenciam o aumento de isolamento reprodutivo e seu efeito pode
aumentar por acumulacdo [34]. Os rearranjos ndo robertsonianos, especialmente as
inversdes, podem ser as principais modificagcbes cromossdmicas que determinam 0s
eventos de radiacdo adaptativa (King 1985 op cit Sites e Moritz 1987) [35]. Visto a
importancia dos rearranjos cromossémicos no isolamento reprodutivo, o estudo de
caracteristicas  citogenéticas (nUmero cromossémico, bandeamentos, formulas
cariotipicas) séo filogeneticamente informativas. As marcas citogenéticas encontradas

em diferentes espécies e até géneros, quando comparadas e associadas as hipdteses



filogenéticas de sequéncias de DNA ou conjuntos de caracteres morfoldgicos podem
revelar padrdes biogeograficos e levar a elaboracdo de hipoteses evolutivas que
colaboram para um maior entendimento da historia evolutiva dos organismos. Estudos
citogenéticos realizados em espécies de Salminus revelaram muitas semelhangas com
espécies de Brycon [36, 37] o que sugeria uma relacdo estreita entre esses géneros e
veio a ser confirmado por marcadores moleculares [17] e que sem duvida indica a
robustez de dados citogenéticos na elaboracdo de hipdteses filogenéticas. Considerando
a posicao incerta do género Henochilus na subfamilia Bryconinae, estudos citogenéticos
comparativos podem auxiliar no entendimento dos processos evolutivos envolvidos na
diferenciacdo das espécies e géneros contidos nessa subfamilia. Sendo assim o objetivo
deste estudo é caracterizar citogeneticamente a populacdo de Henochilus weathlandii do
rio Santo Antbnio e comparar esses dados com os de outras espécies de Brycon
disponiveis em literatura, a fim de compreender melhor as relacdes filogenéticas desta

espécie dentro da subfamilia.
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Figura 1. Modificacdo de Oliveira et al 2011. A seta em vermelho indica o clado
Bryconidae proposto por estes autores devido a estreita relagdo do género Salminus com

as demais espécies de Bryconinae.
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Figura 2: Cladograma mostrando as relagdes filogenéticas entre os Bryconinae
(Modificado de Abbe 2011). As setas em vermelho indicam as estreitas relacOes
filogenéticas de Henochilus, Chilobrycon e Salminus com espécies de Brycon o que faz

deste um género parafilético.
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2 Objetivos
2.1 Objetivos gerais
Realizar a caracterizacdo citogenética de Henochilus weathlandii do rio Santo

Antdnio, sub-bacia do Rio Doce, Minas Gerais, Brasil.

2.2 Objetivos especificos
I.  Cariotipar Henochilus weathlandii.

Il.  Avaliar a existéncia de diferencas intraespecificas quanto a variabilidade
cariotipica, Ag-NORs, regiGes heterocromaticas, 5S rDNA, 18S
rDNA e regides ricas em GC.

I1l.  Comparar os dados citogenéticos de H. weathlandii com os de outras
espécies de Brycon disponiveis em literatura, a fim de compreender
as relaces filogenéticas desta espécie dentro da subfamilia

Bryconinae.
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3 Introduction

Henochilus wheatlandii is the only species of this genus. It was first collected by
the Thayer expedition in 1865 and 1866. The first record was from the Mucuri River
Basin [1], an isolated drainage area in eastern Brazil. The second record did not provide
details of its location [2]. Henochilus wheatlandii was described in 1890 [3], but
collection efforts in this type locality during the late 20" century were unsuccessful.
Therefore, this species was officially considered to be at risk or extinct [4, 5]. In 1996,
H. wheatlandii was collected in Preto do Itambé River, a tributary of the Santo Antonio
River of the Doce River Basin in Minas Gerais State, Brazil. Based on this finding, the
absence of new captures in the Mucuri River Basin was considered a record error of the
type locality of the holotype [6], and the current distribution of H. wheatlandii now
includes the Santo Antonio River Basin. Alternatively, this species could have become
extinct in the type locality [6].

The systematics of H. wheatlandii have always been a matter of debate, and
different authors have placed the species in different subfamilies [2, 7, 8]. Today, this
genus is considered a member of the subfamily Bryconinae [9]. The close phylogenetic
relationship of H. wheatlandii with members of this subfamily was corroborated with
molecular [1, 10] and morphological data analyses [1]. The patterns obtained for the
16S ribosomal mitochondrial gene suggested a paraphyletic condition of the genera
Brycon within Bryconinae [10], where Brycon insignis and Brycon ferox are more
closely related to H. wheatlandii than other Brycon. Morphologically, the most evident
difference between Henochilus and Brycon is the arrangement of premaxillary teeth in a
double row in Henochilus and three rows in Brycon [1], a character variation that has

been considered insufficient to justify the existence of the genus Henochilus [10].

15



Bryconins are indicators of high quality environmental habitat because they
require rapid flowing waters with sandy substrate, highly oxygenated water, riparian
vegetation and a moderate amount of nutrients [11]. These habitat conditions also
restrict the distribution of H. wheatlandii to the Santo Antonio River Basin [6], although
predatory exotics may also be a limiting factor for the presence of this species in the
Doce River. Unfortunately, this species was rediscovered in a drainage area currently
threatened by human activities such as mining, logging and hydroelectric projects [12].

Cytogenetic descriptions of Bryconinae are restricted to eight species that occur
in the Amazon, S&o Francisco and Parana watersheds [13] and one species in the
Paraiba do Sul drainage. Historically, cytogenetic data on Ostariophysan fish have
allowed the identification of cryptic species [14], the characterization of populations
[15, 16], and the formulation of phylogenetic and phylogeographic hypotheses [17-19].
This study reports the first cytogenetic data for H. wheatlandii and compares the results

with other species of Bryconinae from a biogeographic and phylogenetic perspective.

4 Materials and methods

Nineteen individuals, six females, eleven males and two juveniles, were
collected in the Santo Antonio River, a sub-basin within the Doce River Basin
(S19°13°858°” W43°04°905°’) in Ferros municipality, Minas Gerais State, Brazil. The
specimens were transported to the laboratory and anaesthetised with clove oil [20].
Following dissection, mitotic chromosomes were obtained from cell suspensions of the
anterior kidney, using the conventional air-drying method [21]. Chromosomes were
analysed with silver nitrate staining [22] to visualise the nucleolar organiser regions
(Ag-NOR) in addition to the standard Giemsa method. C-banding was used to detect C-

positive heterochromatin [23]. Chromosome guanine-cytosine (GC) rich regions were
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identified using chromomycin Az (CMA;3) fluorescence staining [24]. FISH was
performed according to Pinkel and colleagues [25] using 18S rDNA [26] and 5S rDNA
[27] probes. The probes were labelled by nick translation with biotin-14-dATP. Signal
detection and probe amplification were performed using conjugated avidin-fluorescein
isothiocyanate (FITC) and anti-avidin-biotin, and the metaphases were analysed with an
epifluorescence microscope. The chromosomal images were captured using CoolSNAP-
Pro software. The chromosomes were measured using Image Pro Plus® and classified
following Levan and colleagues [28]. Voucher specimens were deposited in the Jodo
Moojen de Oliveira Museum of Zoology in Vigosa, Minas Gerais State, Brazil
(MZUFV3195, MZUFV3744, MZUFV3791, MZUFV3821, MZUFV3827, and

MZUFV4011). Collecting permit SISBI014975-1 was issued to Prof. Jorge A. Dergam.

5 Results

All specimens had 2n = 50 chromosomes and a karyotypic formula of 26m +
12sm + 12st (see Figure 1a and S1), with no differences observed between males and
females. At least 40 Giemsa-stained, five C-banded, two Ag-NOR, two CMA; and two
FISH metaphases were analysed for each specimen. The mean values of the arm ratios
were 1.28 - 1.61 (s.e. 0.002 - 0.2) for metacentrics; 1.90 - 2.67 (s.e. 0.05 - 0.2) for
submetacentrics, and 3.24 - 4.14 (s.e. 0.04 - 0.2) for subtelocentrics. One
pericentromeric and two telomeric heterochromatic blocks were visible in the largest
pair of metacentric chromosomes of H. wheatlandii. Pericentromeric heterochromatin
was evident in metacentric chromosome pairs 2 and 9 and submetacentric chromosome
pairs 14 and 18, whereas the largest subtelocentric chromosomes (pair 20) presented

conspicuous telomeric and pericentromeric heterochromatic blocks. Pericentromeric
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blocks predominated in most subtelocentrics, except for pairs 22 and 23 (see Figure 1Db).
At least five C-banded metaphases were analysed for each specimen.

Sites marked with Ag-NOR, CMA;, and 18S rDNA sites were telomeric and
identified in the same first pair of subtelocentric chromosomes (see Figure 2). The 5S
rDNA regions were distributed in the short arm of subtelocentric chromosome pair 24

and were congruent with heterochromatic blocks (see Figures 1b and 2c).

6 Discussion

The observed 2n = 50 metacentric, submetacentric, and subtelocentric
chromosomes of H. wheatlandii are characteristic of other Bryconinae [29-33, 13]. The
absence of telocentric chromosomes may represent an apomorphy within the taxon,
despite some variation in karyotypic formulae. This karyotypical structure is shared
with species of the genus Salminus [34], suggesting a close phylogenetic relationship
with Bryconinae, a pattern supported by molecular data [35-37]. In this context,
karyological evidence also adds support for the existence of the family Bryconidae, as
suggested by Oliveira and colleagues [37]. However, from a morphological standpoint,
Salminus species are still considered to be incertae sedis within Characidae [9]. On the
other hand, the presence of a metacentric chromosome pair as the largest of the
complement in H. wheatlandii and other Bryconinae [33] is characteristic of the family
Characidae [38, 39].

The presence of pericentromeric and telomeric heterochromatic blocks on
opposite arms of the first pair of metacentric chromosomes of H. wheatlandii differs
from the equilocal pattern observed in other Bryconinae, and thus has great relevance
for understanding the karyotypical evolution of this species. Equilocal heterochromatic

markings are common in Bryconinae species and considered to be plesiomorphic within
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this taxon [30]. This pattern has been reported in Brycon orthotaenia, Brycon hilarii,
Salminus hilarii [30], and Brycon amazonicus [13]. The different pattern observed in H.
wheatlandii suggests the occurrence of paracentromeric inversions in this species. To
the best of our knowledge, this is the first record of paracentromeric inversions in
Characidae. Chromosomal inversions are crucial for the reproductive isolation of
populations [40] and contribute to the speciation process [41-44]. High levels of
variability in heterochromatin patterns of Brycon were considered to be relevant factors
in chromosome evolution and differentiation of the Bryconinae [29, 30], and the
presence of large heterochromatic blocks in the first pair of submetacentric
chromosomes [13, 29, 30], probably represents a plesiomorphic character state for the
subfamily Bryconinae. Based on overall patterns of heterochromatin distribution,
Margarido and Galetti Jr. [29] proposed that Brycon species might be separated into two
groups: the first characterised by predominantly pericentromeric heterochromatin in
submetacentric chromosomes; and the second diagnosed by telomeric markings in
metacentric chromosomes. Henochilus wheatlandii exhibits a third pattern, with
markers prevalent in the pericentromeric region of subtelocentric chromosomes. This
characteristic seems to be an autapomorphy for this taxon.

The physical congruence of 18S probe sites, CMA; fluorescence, and Ag-
positive NOR locations in H. wheatlandii was similar to patterns observed for Brycon
falcatus, Brycon cephalus, B. hilarii, Brycon orbignyanus, B. orthotaenia, Brycon
insignis, and B. amazonicus [31, 13], indicating the presence of a single 18S rDNA
locus in Bryconinae. However, the 18S rDNA site occurred on the subtelocentric
chromosome pair in H. wheatlandii, instead of the first pair of submetacentric
chromosomes as in all Brycon species. Also, the 5S rDNA site in H. wheatlandii was

found in a pair of subtelocentric chromosomes, whereas in Brycon species the 5S rDNA

19



occurs in submetacentric chromosomes [32, 13]. These differences indicate a long
independent karyotypic evolutionary history of H. wheatlandii. Henochilus wheatlandii
also showed congruence of the 5S rDNA sites with heterochromatic blocks, which is a
common characteristic of Brycon [29, 32] suggesting that this is plesiomorphic trait for
Bryconinae.

The occurrence of three heterochromatic karyotype patterns in Bryconinae is
partially congruent with some phylogeographic clades based on data from the
mitochondrial 16S rDNA gene [10] and is also consistent with the morphological
groups proposed by Howes in 1982 [45] (see Figure 3). Based on molecular data,
Hilsdorf and colleagues [10] obtained some well-supported molecular clades. Within
the eastern coastal clade, H. wheatlandii is the sister species of Brycon insignis and
Brycon ferox. The C-banding patterns of B. insignis were interpreted by Margarido and
Galetti [29] as an instance of the second heterochromatic pattern [29]. However, this
species, like H. Wheatlandii, has a high number of subtelocentrics with heterochromatic
blocks and the absence of equilocal heterochromatic blocks in the first chromosome
pair, which might be the result of a paracentromeric inversion in the ancestor of both
species (see Figure S2). Differences in the marking locations of 5S rDNA sites sets H.
wheatlandii apart from all other Bryconinae. Whereas in this species 5S rDNA
markings were located in a small subtelocentric chromosome, the probe only occurs in
submetacentric chromosomes in species endemic to other basins: Brycon orthotaenia
(Séo Francisco River), B. hilarii (Paraguay River), B. orbignyanus (La Plata River), B.
cephalus (Amazon drainage), and Brycon sp. (Araguaia River, a specimen collected by
Wasko [32]). 5S rDNA markings on submetacentrics also characterise Brycon
amazonicus (from the Amazon and Orinoco basins) and B. falcatus (from the Amazon,

Orinoco, and Guyana/Suriname basins) [32, 46]. The presence of 5S rDNA in two pairs
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of submetacentric chromosomes in B. insignis and a small subtelocentric chromosome
in H. wheatlandii suggests a high level of variation of this ribosomal gene in species
that occur in eastern Brazil. This may be the result of a relatively longer geological
isolation of the eastern basins compared with the other drainage areas of the Neotropical
region, which have a complex history of fragmentation and connections [47].

Castro and colleagues [1] reviewed the historical changes of the systematic
position of H. wheatlandii. The species was initially considered by Garman [3] as
closely related to Tetragonopterus and Scissor. Later, Eigenmann and Myers [2] viewed
H. wheatlandii as “an aberrant member of the Tetragonopterinae” and Géry [7] added
the species to the Cheirodontinae. Malabarba [8] redefined the Cheirodontinae and
placed it in incertae sedis condition within Characidae. Currently, due to the presence of
premaxillary large teeth and symphysial dentary teeth, the species is considered
morphologically within Bryconinae [9]. Molecular-based studies show that H.
wheatlandii is closely related to Brycon insignis [10, 37] and Brycon ferox [10],
suggesting the need to include Henochilus within Brycon. Aside from this caveat, the
inclusion of H. wheatlandii within Brycon will keep this species as a clear example of
adaptive radiation [48].

The unique cytogenetic features of H. wheatlandii compared to other species of
Bryconinae from continental biogeographical units suggest this species (possibly
together with other species from the eastern drainage areas) is a separate phylogenetic

unit that faces high extinction risks.

Supporting Information
Figure S1 Chromosome spread from karyotypes presented in this work. Conventional

staining (Giemsa) (a); C-banding protocols (b); Ag-NOR banding protocols (c);
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chromomycin A3 (d), and fluorescent in situ hybridisation using 18S (pink) and 5S

(green) probes (e).
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Figure 1 The karyotype of Henochilus wheatlandii from the Santo Antonio River.
Conventional staining (Giemsa) (a) and heterochromatic marks obtained by C-banding
protocol (b). Mean values of arm ratios are in parentheses (sample size = 40).
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Figure 2 Cytogenetic marks in the same chromosome pair of Henochilus wheatlandii
karyotype. Ag-NOR banding (a), chromomyicin Asz (b) and flourescent in situ
hybridisation using 18S (pink) and 5S (green) probes (c).

29



¢ .
26 Brycon nattereri

Brycon pesu

N
o

100 _‘ Brycon qpalinus *
o Bryeon ferox. * Coastal rivers of
100 | 56 Brycon insignis +* :
72 : : s South America
99 Henochilus wheatlandii P3
ﬂ': Brycon orthotaenia @ P2
80 Brycon orbignyanus N P1 Amazon, Sio Francisco,
100 08 c)_lE Brycon amazonicus ® pr Parana River basins and
87 Brycon hilarii ® pri1 a trans-andean species
100 Brycon moorei W
67 Brycon aff. atrocaudatus M
80 Brycon petrosus
100 _': Brycon chagrensis
100 87 L Brycon henni
93 ’
28 Acestrorhychus sp
100 Bryconops sp B .
- con acuminatus grou
_{: Exodon paradoxus * By group
00— He‘nuhr_\'con beni @ Brycon falcatus group
64 Triportheus angulatus
i bi B Brycon orbignyanus group
_|: Astyanax bimaculatus y gny
Chalceus macrolepis A
Brycon alburnus group
— Chalceus erythrurus

Figure 3 Molecular data-based phylogenetic hypothesis for some Bryconinae. Numbers above branches are Bayesian posterior probabilities
expressed in percentage, numbers below branches indicate maximum likelihood analyses bootstrap values (modified from Hilsdorf and
colleagues [10]). Morphological groups proposed by Howes [45]: stars for Brycon acuminatus, circles for Brycon falcatus, squares for Brycon
orbignyanus, and a triangle for Brycon alburnus. P1 and P2, heterochromatic patterns proposed by Margarido and Galetti [29]. P3 is a new
pattern recorded in Henochilus wheatlandii. Bars indicate geographical distribution.
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Figure S1 Chromosome spread from karyotypes presented in this work. Conventional staining (Giemsa) (a); C-banding protocols (b); Ag-NOR
banding protocols (c); chromomycin A3 (d), and fluorescent in situ hybridisation using 18S (pink) and 5S (green) probes (e).
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Figure S2 Heterochromatic patterns found in Brycon insignis from the Paraiba do
Sul River Basin (modified from Margarido and Galetti Jr. 1996). Red arrow
indicates a likely parecentric inversion similar to that found in Henochilus
wheatlandii. Blue arrow indicates marks on all subtelocentric chromosomes not
explained by the original author.
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