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Abstract. Aeschynomene sp. prope villosa (a dalbergioid legume) represents a group of
populations with morphological characteristics similar to those of Aeschynomene vil-
losa, but without complete overlap, and whose cytogenetic characteristics subtly differ
from both the latter and other related taxa. In this study, conventional surface spread
and air-drying techniques, along with Giemsa staining, were used to analyze meta-
phase chromosome complements and karyotypes of individuals belonging to a popula-
tion of A. sp. prope villosa, a taxon included in the Americanae series of Aeschynomene.
The results confirm a previously obtained karyotypic formula. Differences observed
in chromosome sizes do not modify the karyotype or its symmetry. They are inter-
preted here as a loss of gene flow between populations or adaptations to different eco-
geographic conditions. The presence of chromosome stickiness in 7.4% of the nuclei
analyzed is noteworthy. This aberration, not previously observed in Aeschynomene,
primarily involves areas near the telomeres of apparently homologous and non-
homologous chromosomes. This phenomenon, observed mainly in meiosis, has been
linked to the tendency of chromosomes to clump together during cellular divisions
following plant hybridization events. The same criterion of chromosomal interaction
after hybridization could explain the changes in the number and position of satellites
recorded in a previous study. Although unexpected, these results should not be sur-
prising, since intergradation between A. villosa and A. americana, species with which it
overlaps in its distribution area, has been suspected for at least 70 years. Furthermore,
hybridization and allopolyploidy have already been demonstrated in other morpholog-
ical series of Aeschynomene.

Keywords: Chromosomal instability, chromosome stickiness, hybridization, inter-
chromosomal connections, karyotype, SAT-chromosomes.

INTRODUCTION

Aeschynomene L. is a genus of flowering plants in Leguminosae, sub-
family Papilionoideae, and recently assigned to the tribe Dalbergieae. It
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includes around 130 species of pantropical distribution,
commonly referred to as joint vetch (Lavin et al. 2001;
Wojciechowski et al. 2004; Cardoso et al. 2012, 2020;
WFO 2025). It includes herbaceous and woody species,
annual, perennial, and repetitive, with different ecologi-
cal requirements and of increasing economic importance
as green manure by supplementing nitrogen to the soil
through nodulating stems and roots in symbiosis with
nitrogen-fixing bacteria (Alazar and Becker 1987; Fer-
nandes 1996; Souza et al. 2012; Tapia-Pastrana and Del-
gado-Salinas 2020).

In the New World, Aeschynomene villosa Poir.
and its three varieties (included in the Americanae
series, a taxon defined on morphological basis) consti-
tute a group widely distributed from southern Arizona
through Mexico (mostly on the Pacific side) and Cen-
tral America to northern South America and the West
Indies. (Rudd 1955; McVaugh 1987; Rodriguez 1990). It
also occurs, apparently as an introduced species, in the
tropics of the Old World. It is highly variable, and often
weedy (McVaugh 1987). On the other hand, Rudd (1955)
observed a close relationship between A. villosa and A.
americana L. (also in the Americanae series) and antici-
pated probable intergradation due to divergence.

In Mexico, the distribution of A. villosa overlaps
in many areas with that of A. americana and its varie-
ties flabellata and glandulosa, which are also widely dis-
tributed (Rudd 1955). This overlap also extends to some
morphological features, confusing fieldwork, especially
when the two taxa lack fruit (Rudd 1955; Reynolds 1990;
Olvera-Luna et al. 2012). Additionally, phylogenetic anal-
yses consistently indicate that both species are closely
related (Chaintreuil et al. 2013; Brottier et al. 2018; Car-
doso et al. 2020). It is important to note here that A. vil-
losa Poir. was initially described as Aeschynomene ameri-
cana var. villosa (Urban 1905, cited by Rudd 1955) and
as Aeschynomene americana var. longifolia (Micheli 1895,
cited by McVaugh 1987); however, its specific status, as
well as that of its varieties, was confirmed by morpho-
logical (Rudd 1955) and chromosomal (Tapia-Pastrana et
al. 2020) characters and are currently accepted names in
the genus Aeschynomene (WFO).

Morphological similarities between species of the
Americanae series, particularly between A. americana
and A. villosa, were recognized during a cytogenetic
analysis that included, among others, seven taxa of this
series that thrive in Mexico. Two of them were described
as A. sp. prope americana and A. sp. prope villosa, whose
karyotypic characteristics supported their taxonomic
identity; however, they also showed some similarities
concerning the typical species (Tapia-Pastrana et al.
2020). In this research, the taxonomic criteria of Rudd
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(1955) and McVaugh (1987) for species in the morpho-
logical Americanae series of Aeschynomene were fol-
lowed, in addition to the available cytogenetic informa-
tion. It was considered that the individuals under study
fit better in the description of Aeschynomene sp. prope
villosa (Tapia-Pastrana et al. 2020).

Aeschynomene sp. prope villosa can be confused with
the typical variety (A. villosa) and with A. americana;
however, there are sufficient morphological differences to
allow them to be differentiated, particularly the length of
the inflorescence and the abundance of glandular hairs
on vegetative structures, flowers, and fruits (Rudd, 1955).
In some descriptions, A. villosa var. longifolia is consid-
ered a synonym of A. villosa var. villosa (WFO 2025).
Additionally, the possible hybridization between the typ-
ical variety and A. americana is proposed (Rudd 1955;
WFO 2025).

Aeschynomene sp. prope villosa comprises erect,
branching subshrubs that reach up to 1.6 m in height.
Stems are green or slightly reddish, with abundant glan-
dular hairs. The stipules are hispid on mature plants,
12-20 mm long, striated, and ciliate, with the upper por-
tion up to three times longer than the lower portion.
Leaves 2.5-6 cm long, 18-66 foliolate, oblong, ciliate,
with reddish edges; inflorescences with axillary flowers
shorter than the underlying leaves; bracts cordate, slight-
ly hispid, ciliate; bracteoles lanceolate 2.0 x 1.0 mm,
serrate-ciliate, with reddish edges; peach-yellow or rusty
yellow flowers 8.0-9.0 x 5.5-7.5 mm, glandular hairs on
the margins; calyx deeply bilabiate, adaxial lip ciliate 3.5
mm x 1.5 mm, nearly glabrous; carinal lip 3.5-4.5 mm
x 1.5 mm, glandular hairs on the outer surface; stand-
ard petal sub orbiculate to reniform, 6 mm long, 4.5 mm
wide, claw less than 1 mm, macule dark yellow with red-
dish semicircular margins, nectar guides reddish; wing
petals 6 x 2.5-3.0 mm, sculptured on the distal portion
suprabasal-medial; claws 0.7 mm wide; keel petals 6.0 x
2.5 mm, lower margin slightly ciliate, claw less than 1
mm; stamens 5.0-5.5 mm long, pistil 6 mm long, ovary
profusely hispid; fruits slightly curved with persistent
style, commonly 4-6 jointed, articles 4 x 3 mm, hispid in
early stages of development, verrucose during ripening;
seeds 2.5 x 2.0 mm, brown or light olive (Fig. 1A-]).

This research aims to: (1) present the relevant mor-
phological characters of individuals belonging to a pop-
ulation initially identified as Aeschynomene villosa var.
longifolia, but which, after a thorough review, are finally
treated as A. sp. prope villosa, (2) corroborate cytogenetic
characteristics and karyotype, (3) discuss the possible
hybrid origin of the individuals under study based on
morphological and chromosomal evidence, and (4) offer
some data on their phenology.
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Figure 1. Morphological traits of Aeschynomene sp. prope villosa. (A). Leaf and leaflets. (B). Branch and stipule are covered with abundant
glandular hairs. (C). Fertile branch, the shortened inflorescence is obvious. (D). Flower in preanthesis with cordate bracts and lanceolate
bracteoles. (E-G). Peach-yellow or rust-yellow papilionate flowers. Front, dorsal, and side views, respectively. Petals with glandular hairs
on the edges. Keel’s petal is shorter than the wings. (H-I). Inflorescence with clusters of two to four flowers. Peduncles and pedicels hispid.
Fruits are villous-hispid, commonly 4 to 6-seeded. (J). General appearance of a mature plant. In A, B, C, E, and I, the scale bar = 1 cm. In

J, the scale bar = 1 m.

MATERIALS AND METHODS
Plant material

Cytogenetic studies were performed on seeds col-
lected in January 2017 in the Locality of Los Mangos,
Municipality of Hueyapan de Ocampo, State of Verac-
ruz, Mexico (18°14’37” N; 95°7°22” W. 350 m asl; Fig. 2).
The identity of the plants was established after compar-
ing them with specimens deposited in the National Her-
barium (MEXU) collection. Specimens prepared from
plants grown in greenhouse conditions were entered as
vouchers in the same collection.

Chromosome and karyotype procedures

The mitotic cells were obtained from radicular mer-
istems of seeds from five individuals, germinated in Petri
dishes lined with cotton moistened in distilled water.
Chromosomes at metaphase were obtained following the
splash method by Tapia-Pastrana and Mercado-Ruaro
(2001) briefly described as follows: the meristems were
separated from the root when it reached between 3-5
mm in length and were pretreated with fresh solution
of 0.002M 8-hydroxyquinoline for 5 h at room tempera-
ture and fixed in the fixative Farmer’s solution (ethanol:
acetic acid, 3:1). Then they were treated in a mixture of
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Figure 2. The Municipality of Hueyapan de Ocampo is in the south
of the State of Veracruz, in the Los Tuxtlas, southeastern Mexico
region.

2% cellulase (w/w, Sigma) and 20% pectinase (v/w, Sig-
ma) in 75 mM KClI for 2 h at 37 °C. After centrifugation
at 1500 rpm for 10 min, the cell pellet was transferred to
75 mM KClI solution for 20 min at 37 °C. After two suc-
cessive rinses with KCI solution, they were again fixed in
Farmer’s solution and rinsed twice more. Two drops of
the suspension of the pellet were placed on clean slides,
air dried, and stained in 10% Giemsa for 10 min. Prep-
arations were made permanent using a synthetic resin
(solution in xylol Hycel). At least ten well-spread meta-
phase plates, no chromosome overlapping, were photo-
graphed, using a Carl Zeiss Axioscope Al, and analyzed
for chromosome number. Five photographs of meta-
phases with chromosomes having comparable degrees
of contraction and centromeres localized were used
to obtain mean values in the following chromosomal
parameters: the difference in length between the longest
chromosome and the shortest chromosome (Range), total
haploid chromosome length (THC), average chromosom-
al size (AC) and ratio of the longest/shortest chromosome
(Ratio, L/S). The asymmetry index (TF%) was obtained
following Huziwara (1962). Chromosomes were classified
as metacentric (m), submetacentric (sm), and subtelo-
centric according to their morphology and arm propor-
tions (Levan et al. 1964). Chromosome size was estimat-
ed using a Mitutoyo Digimatic Caliper. A karyotype is
prepared from a photomicrograph by cutting individual
chromosomes, organizing them in descending order of
length, and matching based on morphology.
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RESULTS

108 typical metaphase nuclei exhibiting a 2n = 20
were examined (Fig. 3 A-D). The complements showed
a predominance of m chromosomes, few sm chromo-
somes, and a single pair of st chromosomes carrying sec-
ondary constriction and satellites on short arms (Table
1; Fig. 3A, B, and D). The chromosome formula and
other cytogenetic parameters are summarized in Table
2. The karyotype obtained is shown in Fig. 3E. Eight
metaphase complements (7.4%) exhibited chromosomes
of different shapes and sizes linked by chromatin strands
(interchromosomal connections) in regions close to the
telomeres (Fig. 3A-D) and an apparent satellite associa-
tion between the st chromosomes (Fig. 3D). Interphase
cells exhibited one or two nucleoli.

DISCUSSION

The chromosome number 2n = 20 obtained for
Aeschynomene sp. prope villosa confirms the predomi-
nance of n=10 in dalbergioid legumes. It adds to the
records showing that the species and subspecific taxa in
the Americanae series of Aeschynomene cytogenetically
analyzed are strictly diploid. Its karyotypic formula (7m
+ 2sm + Ist) confirms the chromosomal architecture
observed in a previous study for another Mexican popu-
lation also registered as A. sp. prope villosa. Although it
shows slight differences in some cytogenetic parameters
such as THC and AC, this does not substantially affect
either the chromosomal formula or the asymmetry
index (TF%) and instead suggests a loss of genetic inter-

Table 1. Mean chromosome measures in Aeschynomene sp. prope
villosa.

CpP TCL (um)  LLA (pm)  LSA (pm) r S
01 2.25+0.19 1.26+0.18 0.98+0.09 1.63 m
02 2.10+0.13 1.21+0.10 0.89+0.05 1.35 m
03 1.96+0.08 1.13£0.06 0.87+0.08 1.29 m
04 1.75+£0.13 0.99+0.12 0.75+£0.04 1.32 m
05 1.67+0.13 0.89+0.09 0.77+0.04 1.15 m
06 1.58+0.11 0.90+0.11 0.67+0.04 1.34 m
07 1.51+0.12 1.02+0.09 0.48+0.04 2.12 sm
08 1.40+0.13 0.74£0.09 0.64+0.04 1.15 m
09 1.30+£0.20 1.02£0.16 0.27+0.05 3.77 st*
10 1.25+0.14 0.87+0.08 0.37+£0.07 2.35 sm
CP=Chromosome pair; TCL=total chromosome length;

LLA=length long arm; LSA=length short arm; +=SD; r=arms ratio;
S=shape after Levan et al. (1964). *Chromosomes with secondary
constrictions on the short arm.



Somatic metaphase stickiness indicates chromosomal instability in Mexican Aeschynomene sp. aff. villosa 55

Figure 3. Metaphase nuclei of Aeschynomene sp. prope villosa 2n = 20. A-D. Evidence of chromosome stickiness linking telomeric regions

of some homologous and non-homologous chromosomes. Short arrows indicate sticky chromatin strands, while long arrows indicate iso-
lated secondary constrictions or satellite associations. E. Karyotype. Scale bar = 10 pm.

2

i

Table 2. Karyotypic analysis of Aeschynomene sp. prope villosa.

NA o Karyotype Sat THC £ SD AC £ SD Range + SD L/S + SD TF% + SD
formula (pm) (pm) (pm)
108 20 7m + 2sm+1st 2 16.79+1.18 1.67+0.11 1.03 £ 0.14 1.85+0.20  40.08 + 1.45

NA = Nuclei analyzed; Sat = Number of satellites; THC = Total haploid chromosome length; AC = Average chromosome size; TF% =
Asymmetry index.
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action between populations or adaptations to differ-
ent eco-geographic factors (Tapia-Pastrana et al. 2020).
However, the most striking difference is the presence of
a single SAT chromosome pair observed here, in which
the microsatellites are located on the short arms of the
st chromosomes (Fig. 3A and D), whereas, in the previ-
ous description, the complements also showed micro-
satellites on a pair of m chromosomes. The observa-
tion of up to two nucleoli in interphase could indicate
the presence of two NOR regions, thus coinciding with
the record of two pairs of SAT chromosomes described
previously. In Aeschynomene, SAT chromosomes are
considered to carry, at least in part, the NOR regions
(Tapia-Pastrana et al. 2020).

Although this might suggest a new cytotype in A. sp.
prope villosa, evidence of chromosomes linked by chro-
matin strands, a phenomenon known as chromosome
stickiness, might offer another explanation. Stickiness is
a chromatid aberration resulting from the induction of
breaks and exchanges in chromosomes during their fold-
ing in mitotic prophase, when chromatin fibers remain
bound in a three-dimensional organization and do not
unfold due to some physical interference. The result is
an intermingling of fibers and chromosomes joined by
chromatidic bridges. That is when chromosome fibers
do not condense correctly, in preparation for mitosis,
they become trapped and physically entangled with fib-
ers from other chromosomes (McGill et al. 1974; Pathak
et al. 1975; Klasterskd et al. 1976; Grant 1978; Gaulden
1987; Al-Achkar et al. 1989). Even more, Evans (1962)
considered stickiness as a chromatid aberration, where
the localized junction points represent sites in which dif-
ferent parts of the chromatids have undergone exchanges
that occur naturally in plants and animals, especially
after genetic instability due to hybridization.

For example, in plants, there are records of chromo-
somal stickiness after hybridization in Rosa (Kldsterska
and Natarajan 1975), Panicum maximum (Pessim et
al. 2015), and Brassica napus (Sheidai et al. 2003). Fur-
thermore, hybridization between plant species has been
reported to cause cytological alterations, chromosom-
al instability, loss of somatic chromosomes, heritable
changes in their size and staining, and abnormalities
in meiotic behavior, although the exact mechanisms of
such phenomena are unknown (Moav 1961; Moav et al.
1968; Wagenaar 1969; Klasterska and Natarajan 1975;
Klasterska et al. 1976; Rao et al. 1990; Kiihl et al. 2011).

Today, there is a broad record of chromosomal alter-
ations in plants that involve close contact between chro-
mosomes or parts thereof. For example, the proximity of
homologous chromosomes in metaphase is referred to
as somatic associations (Therman 1951; Hiraoka 1958;
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Mitra and Steward 1961; Chauhan and Abel 1968; Wage-
naar 1969). Dicentric chromosomes, anaphase bridges,
and acentric fragments have also been recorded, recog-
nizable as lagging chromatin during the separation of
daughter nuclei due to instability in mitotic cells (Puizi-
na et al. 2004). Other types of metaphase chromosome
associations include somatic syndesis observed in Daph-
ne odora (Hiraoka 1958), somatic pairing of homologous
chromosomes recorded in Impatiens balsamina and Sal-
via nemorosa (Chauhan and Abel 1968) or Ornithogalum
graminifolium and O. caudatum (Therman 1951).
However, Fig. 3 A-D shows that the type of association
observed in the mitotic chromosomes of Aeschynomene
sp. prope villosa involves the telomeric regions of both
homologous and non-homologous chromosomes. In this
respect, the phenomenon observed here also differs from
the associations observed in Allium cepa, where the ends
of adjacent homologous chromosomes join in pairs to
form chromosome chains (Wagenaar 1969).

The evidence of chromosome stickiness observed in
Aeschynomene sp. prope villosa fits well with the chroma-
tid bridges model described above and is interpreted as
the result of a molecular event that can occur at different
phases of the cell cycle (including prophase contraction)
recognizable in prometaphase, metaphase, and anaphase
in both mitosis and meiosis (Gaulden 1987). Further-
more, given the number of chromosomes involved, it
would correspond to the moderate type of chromosome
stickiness (Dowd et al. 1986; Gaulden 1987), facilitating
an accurate chromosome count and the establishment of
the karyotypic formula in the analyzed nuclei.

Other explanations consider chromosomal stickiness
under genetic control due to the mutation of a recessive
gene called sticky (Beadle 1932; Mehra and Rai 1970;
Sosnikhina 1973; Golubovskaya 1989; Rao et al. 1990),
and under this approach, it has been studied in several
species of higher plants (Mendes-Bonato et al. 2001;
Kaur and Singhal 2019). Likewise, the deficient function-
ing of non-histone proteins such as DNA topoisomerase
and peripheral proteins, which are integral components
of the chromosome whose function is necessary for the
separation and segregation of chromatids, has been sug-
gested (Gaulden 1987). However, given the supposed
hybrid origin of Aeschynomene sp. prope villosa studied
here, it is more likely that the observed chromosome
stickiness results from improper folding of chromosome
fibers, as mentioned above.

It is known that inter- or intraspecific hybridiza-
tion events lead to genomic instability, which results in
de novo chromosomal rearrangements due to changes
in chromatin structure among other aspects (Fontdevila
1992, 2005; Metcalfe et al. 2007). Thus, changes in the
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number and position of NORs have been recorded in
species of the genus Allium and their hybrids (Sato 1981;
Loidl and Greilhuber 1983; Schubert et al. 1983; Schu-
bert 1984; Schubert and Wobus 1985; Pich et al. 1996),
in subspecies of Turnera sidoides (Arbo 1985; Solis Nef-
fa and Ferndndez 2002), and recently in the so-called
Aeschynomene americana complex (Tapia-Pastrana et al.
2020).

Today, it is recognized that the Americanae mor-
phological series of Aeschynomene includes taxa that
are difficult to identify, but whose karyotypes confirm
the evolutionary relationships rescued in phylogenies
that use molecular data (Rudd 1955; Chaintreuil et al.
2013; Tapia-Pastrana et al. 2020). The suspicion that this
group includes taxa that have not yet been described
remains in force, so a more inclusive taxonomic revi-
sion is needed that considers morphological characters
such as floral morphotypes and macule geometry in the
standard petal, in addition to cytogenetic and ecological
information (Tapia-Pastrana et al. 2020).

The present study shows for the first time the
occurrence of chromosomal stickiness in a taxon of
Aeschynomene L., an unsuspected cytogenetic event with
various implications, particularly related to hybridi-
zation, an evolutionary pathway already described in
other morphological series and phylogenetic clades of
Aeschynomene (Arrighi et al. 2014; Tapia-Pastrana and
Delgado-Salinas 2020).
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