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Simple Summary: Cytogenetic studies in Caprimulgiformes species are scarce; however, they have
shown some interesting karyotype features, such as variation in the size of the W chromosome, which is
usually small, like in the Scissor-tailed Nightjar (Hydropsalis torquata), but shows an uncommon larger
size in the Common Potoo (Nyctibius griseus). Hence, in order to answer why two bird species from
close families have different W chromosome sizes, and what caused the enlargement of the Common
Potoo’s W chromosome, we used classical and molecular cytogenetic approaches aiming to investigate
their chromosome organization, with an emphasis on the sex chromosomes, and comparing the
structural variation and repeat content in the karyotype using C-banding, G-banding and mapping
of repetitive DNAs by fluorescent in situ hybridization (microsatellite repeats and 18S rDNA).
Our finding revealed a much higher content of repetitive sequences in the W chromosome of the
Common Potoo in comparison to the Scissor-tailed Nightjar, which can explain the difference in W
chromosome size.

Abstract: Although birds belonging to order Caprimulgiformes show extensive karyotype variation,
data concerning their genomic organization is still scarce, as most studies have presented only results
obtained from conventional staining analyses. Nevertheless, some interesting findings have been
observed, such as the W chromosome of the Common Potoo, Nyctibius griseus (2n = 86), which has
the same morphology and size of the Z chromosome, a rare feature in Neognathae birds. Hence,
we aimed to investigate the process by which the W chromosome of this species was enlarged.
For that, we analyzed comparatively the chromosome organization of the Common Potoo and the
Scissor-tailed Nightjar, Hydropsalis torquata (2n = 74), which presents the regular differentiated sex
chromosomes, by applying C-banding, G-banding and mapping of repetitive DNAs (microsatellite
repeats and 18S rDNA). Our results showed an accumulation of constitutive heterochromatin in the
W chromosome of both species. However, 9 out of 11 microsatellite sequences hybridized in the large
W chromosome in the Common Potoo, while none of them hybridized in the W chromosome of the
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Scissor-tailed Nightjar. Therefore, we can conclude that the accumulation of microsatellite sequences,
and consequent increase in constitutive heterochromatin, was responsible for the enlargement of the
W chromosome in the Common Potoo. Based on these results, we conclude that even though these
two species belong to the same order, their W chromosomes have gone through different evolutionary
histories, with an extra step of accumulation of repetitive sequences in the Common Potoo.

Keywords: bird evolution; Caprimulgiformes; sex chromosome evolution; FISH

1. Introduction

In the last decades, a better understanding of the general steps involved in the evolution
of sex chromosomes has been achieved, especially coupling cytogenetic and genomic tools [1,2].
Sex chromosomes are recognized by some peculiar aspects in their origin, including meiotic
recombination suppression in the vicinities of the heterologous region of the proto-sex chromosomes,
preserving the linkage of the sex-determining gene and sexually antagonistic genes throughout
evolution [2,3]. This explains the lack of recombination between the X and Y sex chromosomes in
species with male heterogamety, such as Drosophila and mammals, or between the Z and W in taxa with
female heterogamety, such as birds and many fishes [4,5]. The mammalian XY and the bird ZW sex
chromosome systems are apparently similar, with one partner (X and Z) larger and gene-richer than
the other (Y and W), which is generally small, heterochromatic, and contains few single-copy genes.
Nevertheless, because of their particular origins (different vertebrate ancestral autosomes), the gene
content of the XY and ZW pairs are completely different [6]. The similarity of those chromosomes are
the result of a genetic mechanism to differentiate the heterogametic element, probably caused by the
lack of recombination [7], raising a heteromorphic sex chromosome pair.

The avian W chromosome is far less conserved and has run into shifting differentiation degrees,
becoming highly differentiated from the homologous Z chromosome and broadly heterochromatic [8].
In contrast, the Z chromosome length is strongly conserved through most bird lineages [9,10].
Thus, the ancestors of all modern birds had a proto-Z chromosome, which was transmitted to the
Paleognathae and Neognathae [1,10,11]. Although Paleognathae birds have less differentiated sex
chromosomes, it has been proven they are homologous to those of the chicken [10–13].

Data concerning the evolution of sex chromosomes in birds indicate they have originated through
the same mechanism—a gradual suppression of recombination around the sex-determining region
and across the chromosome and subsequent loss of genetic material; however, different lineages
went through different paths, as reviewed in Yazdi et al. [8]. Heteromorphic ZW chromosomes are
observed in the karyotype of most bird species, from different lineages. However, species from basal
groups show homomorphic karyotypes in both sexes [14–18]. For instance, it is believed that the sex
chromosomes of non-ratite birds began to differentiate after the split of the ratites [2,19]. However,
in birds belonging to more derived groups, such as Passeriformes or even Tinamiformes (Paleognathae
order), the morphological difference between the Z and W sex chromosomes is contrasting, with the
vast majority having the W sex chromosome smaller than the Z [18,20].

Cases in which the W chromosomes is similar size or even larger than the Z chromosome have
been reported in some vertebrate groups: Squamata, Testudines, Anura, some fish orders, and a few
bird species [21]. Among birds, some of these examples are the Surucua Trogon (Trogon surrucura,
Trogoniformes, Trogonidae), which represents the only cytogenetically described Trogoniformes
species, and presents a W chromosome with a similar size to the Z chromosome but morphologically
different [22], and the Monk Parakeet (Myiopsitta monachus, Psittaciformes, Psittacidae), in which the Z
and W sex chromosomes are homomorphic [23]. Furthermore, the Spot-flanked Gallinule (Gallinula
melanops, Gruiformes, Rallidae) has a W chromosome larger than the Z [24].
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Repetitive DNAs represent just a small fraction of a bird genome, comprising only about 4–10%
of their total amount of DNA [25]. The possible explanation for the small percentage of repetitive
DNAs and the small size of the bird genomes is the adaptation to the high rate of oxidative metabolism
linked with the demands of flight for most species. Therefore, nonflying birds, such as the Common
Ostrich (Struthio camelus), have bigger genomes than flying ones [26]. Thus, the reduced genome
of birds is linked to the loss of repetitive elements [25,27–29], deletions of large segments of DNA,
and loss of genes. Such a scenario may have had a significant effect on the emergence of many
different birds’ phenotypes, making possible a great diversity of species and adaptation to different
environments [25,30,31].

Among the different classes of repetitive elements, microsatellites are represented by small
sequences with 1 to 6 base pairs, repeated in tandem and scattered throughout the genome [32].
Although the amount of repetitive sequences is small in the avian genome, such sequences play
an important role in the differentiation of sex chromosomes, as also observed in other vertebrate
groups [3,33,34]. In birds, microsatellite accumulation has influenced the size and differentiation of
the W chromosomes in some species belonging to the Gruiformes, Psittaciformes, and Passeriformes
orders [20,23,24].

The order Caprimulgiformes includes birds with nocturnal habits, usually insectivorous, with a
soft plumage and cryptic coloration, distributed in five extant families: Caprimulgidae, Nyctibiidae,
Steatornithidae, Aegothelidae, and Podargidae [35] (Figure 1). From the cytogenetic and cytotaxonomic
point of view, this order is one of the less-studied groups [36–39]. Nevertheless, the Common Potoo
(Caprimulgiformes, Nyctibiidae) was one of the first examples of bird species with atypically large W
chromosomes, based in conventional staining and C-banding analyses, and reported as an ancient ZW
similar to those of ratites birds, except for heterochromatin accumulation in the W [39].
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Figure 1. Phylogeny of the Caprimulgiformes order, indicating the five extant families 
(Caprimulgidae, Nyctibiidae, Steatornithidae, Aegothelidae, and Podargidae) in the respective 
branchs. The phylogenetic tree was sourced from TimeTree databases (http://www.timetree.org) [40]. 

Figure 1. Phylogeny of the Caprimulgiformes order, indicating the five extant families (Caprimulgidae,
Nyctibiidae, Steatornithidae, Aegothelidae, and Podargidae) in the respective branchs. The phylogenetic
tree was sourced from TimeTree databases (http://www.timetree.org) [40].
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Except for the uncommon W chromosome described in the Common Potoo, all Caprimulgidae
species reported so far present typical avian sex chromosomes concerning their sizes, as observed in the
Scissor-tailed Nightjar, the Least Nighthawk (Nannochordeiles pusillus) and the Little Nightjar (Hydropsalis
parvula) [37], showing the W chromosome with significant differences in size and morphology when
compared to the Z [39,41,42].

Thus, the present work was designed to analyze the microsatellite accumulation pattern in
the genome of two Caprimulgiformes species, named the Common Potoo (Nyctibiidae) and the
Scissor-tailed Nightjar (Caprimulgidae), in order to analyze the possible participation of these
sequences in the differentiation and evolution of homomorphic and heteromorphic ZW chromosomes,
respectively. These species have a median divergence time of 69 million years [40]. The results
highlight the versatility throughout the evolutionary history of bird W chromosomes, despite their
common origin.

2. Experimental Section

In this study, we used two females of the Common Potoo (Nyctibiidae) and one male and
one female of the Scissor-tailed Nightjar (Caprimulgidae), collected using the method described by
Nieto et al. [39]. Although we did not collect male individuals of the Common Potoo, it does not
influence our results, since the aim was to compare the Z and W chromosomes. The animals were
collected in Porto Vera Cruz, Rio Grande do Sul State (Brazil), following the authorization from
“Sistema de Autorização e Informação em Biodiversidade” (SISBIO), permission numbers 44173-1 and
33860-4. The experiments followed protocols approved by the Ethics Committee on the Use of Animals
(CEUA-Universidade Federal do Pampa, 018/2014).

Metaphases were obtained using bone marrow short-term culture [43] for the Common Potoo,
and fibroblast cultures from tissue biopsies, according to Sasaki et al. [44], for the Scissor-tailed Nightjar.
After incubation with colcemid, the process included a hypotonic treatment (0.075 M KCl) and fixation
with methanol:acetic acid (3:1).

The distribution of the heterochromatic blocks was analyzed by C-banding [45], with modifications
by Ledesma et al. [46]. The G-banding was performed according to Howe et al. [47]. Karyotypes were
arranged by their arm ratios, and the chromosomes were classified as metacentric, submetacentric,
acrocentric, and telocentric [48]. For composing the karyotype figures, Corel Draw® 12 was used.

18S rDNA fragments were amplified by PCR using primers NS1 5′-GTA GTC ATA TGC TTG TCT
C-3′, NS8 5′-TCC GCA GGT TCA CCT ACG GA-3′, and nuclear DNA of Yellowtail Snapper (Ocyurus
chrysurus, Perciformes, Lutjanidae) [49]. Afterward, fragments were labeled with digoxigenin by nick
translation (Roche) and detected with Anti-Digoxigenin-Rhodamine, following the manufacturer’s
instructions. Preparation of slides, hybridization, and washes were performed according to Daniels
and Delany [50].

For the FISH experiments, oligonucleotide probes containing the microsatellite sequences (CA)15,
(CAA)10, (CAC)10, (CAG)10, (CAT)10, (CGG)10, (GA)15, (GAA)10, (GAG)10, (GC)15, and (TA)15 were
directly labeled with Streptavidin-Cy3 during synthesis (Sigma, St. Louis, MO, USA), as described by
Kubat et al. [51].

For the analysis of conventional cytogenetic techniques, we used an optical microscope (OLYMPUS
DP53). At least 20 metaphase spreads per individual were counted to determine the diploid chromosome
numbers (2n) and to confirm the FISH results. Fluorescence in situ hybridization (FISH) images were
captured using the 100× objective (UPlanFL N), using the software Axiovision® 4.8 (Zeiss, Germany),
of an epifluorescent microscope (Imager Z2, Zeiss, Germany).
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3. Results

3.1. Karyotype Description

The 2n previously reported for both species were confirmed, i.e., 2n = 86 for the Common Potoo
and 2n = 74 for the Scissor-tailed Nightjar [37,39]. Both species have 12 macrochromosome pairs,
including the ZW sex chromosomes. Submetacentric and acrocentric chromosomes are predominant
among the macrochromosomes of both karyotypes and all microchromosomes present a telocentric
morphology (Figure 2A–E). The W chromosome of the Common Potoo is submetacentric and similar
in size and morphology to the Z chromosome, both with a size between the fourth and fifth autosomal
pairs. On the other hand, the W chromosome of the Scissor-tailed Nightjar is metacentric, with a
morphology and size between the 10th and 11th autosomal pairs, representing one of the smallest
macrochromosomes. The Z chromosome of this species is an acrocentric chromosome, with a size
between the third and fourth autosomal pairs (Figure 2C,F).
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Figure 2. Metaphases, partial karyotypes, and C-banding in the Common Potoo (A–C) and in the
Scissor-tailed Nightjar (D–F). Arrows indicate the Z and W sex chromosomes in the metaphases, and the
C-banded sex chromosomes are also shown in boxes. Bar = 5 µm.

3.2. C-Banding

The C banding technique aims to stain specific differentially highly condensed DNA regions,
which corresponds to constitutive heterochromatin. Our experiments revealed a concentration
of constitutive heterochromatin mainly in the centromeric regions and the W sex chromosome in
metaphases of both species. Although the Z and W chromosomes of the Common Potoo look very
similar in conventional staining, a remarkable difference emerges between them after the C-banding
procedure. Hence, while the Z has only one block of heterochromatin in the pericentromeric region,
the W chromosome is almost completely heterochromatic. The same pattern was observed in the
Scissor-tailed Nightjar (Figure 2D,F). The presence of some microchromosomes pairs with extensive
constitutive heterochromatin accumulation was also found in the Common Potoo, but not in the
Scissor-tailed Nightjar (Figure 2C,F).
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3.3. G-Banding in the ZW Sex Chromosomes of the Common Potoo

We have performed G-banding in the metaphases of the Common Potoo in order to better
distinguish the Z and W chromosomes regarding their content. Furthermore, the Scissor-tailed Nightjar
karyotype by itself shows the heteromorphic Z and W chromosomes and we presume it is not necessary
to present its G-banding. This technique allows each chromosome to be identified by its banding
pattern. The negative bands (light bands) correspond to the euchromatin regions in the DNA having the
greatest transcriptional activity, while the highly condensed chromatin with little or no transcriptional
activity corresponds to the positive bands (dark bands). G-banding experiments revealed a distinct
pattern of positive and negative bands in both the Z and W chromosomes, with variation in the number
and distribution of bands in each chromosome (totals: Z = 14 bands/W = 12 bands). Remarkably,
the G-banding pattern are different on the Z and W chromosomes (Figure 3).
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3.4. Microsatellite and 18S rDNA Hybridization

In both species, the 18S rDNA probes have hybridized on only one chromosome pair, co-localized
with a large (CGG)10 cluster in the Common Potoo (Figures 4A and 5F). Concerning the overall
results of microsatellite repeats, different patterns of hybridization were observed when comparing the
Common Potoo and the Scissor-tailed Nightjar, in different aspects such as signal presence, amount,
and location. Hence, out of a total of 11 different microsatellite sequence probes—named (CA)15,
(CAA)10, (CAC)10, (CAG)10, (CAT)10, (CGG)10, (GA)15, (GAA)10, (GAG)10, (GC)15, and (TA)15—seven
exhibited signals exclusively in the Common Potoo ((CAA)10, (CAG)10, (CAT)10, (GA)15, (GAA)10,
(GAG)10, and (GC)15) (Figure 5A–J).
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The sequences (CA)15, (CAA)10, (CAC)10, and (CGG)10 hybridized preferentially in the
microchromosome of the Common Potoo. Surprisingly, none of the tested microsatellite motifs
have been detected in the macrochromosomes of the Common Potoo, except in the W sex chromosome.
From those 11 microsatellite sequences, only four have shown positive signals in the choromosome of
the Scissor-tailed Nightjar. The sequences (CA)15, (CAC)10, (CGG)10, and (TA)15 hybridized in both the
macro and micro autosomal chromosomes (Figure 6A–D). In the macrochromosomes, microsatellite
sequence (CA)15 is accumulated in the telomeric region of the short arm of pair 5, (CAC)10 in the distal
short arms of the chromosome pairs 1 and 2, and also in the distal area of the short arm of autosomal
pair 6. The (CGG)10 microsatellite probe has produced signals in the distal long arms of pair 1 as well in
the NOR-bearer microchromosome pair. Finally, the sequence (TA)15 produced distal telomeric signals
in the short arm of pair 6. There were no microsatellite hybridizations in the Scissor-tailed Nightjar’s W
chromosome. Furthermore, the microsatellite motifs (CA)15, (CAC)10, and (CGG)10 displayed signals
in the chromosome complement of both species.
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3.5. Common Potoo W Sex Chromosome

The W chromosome of the Common Potoo accumulated 9 out of the 11 microsatellite probes,
with the only exception of the (CA)15 and (TA)15 sequences. Besides, several microsatellite sequences
were observed exclusively in the W chromosome, such as (CAG)10, (CAT)10, (GA)15, (GAA)10, (GAG)10,
and (GC)15 (Figure 5D–J). The sequences and their distribution in the W sex chromosome of the
Common Potoo are shown in Figure 7.
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Figure 7. Distribution of the microsatellite probes in the W chromosome of the Common Potoo.
Microsatellite sequences are depicted in different colors.

Conspicuous hybridization signals of the microsatellite motifs (GA)15, (GAA)10, and (GAG)10

were observed both in the long and short arms of the W chromosome (Figure 5G–I). The sequences
(CAA)10, (CAC)10, and (CGG)10 hybridized on the W chromosome and also on some microchromosome
pairs. No hybridization signals were observed in the Z sex chromosome of the Common Potoo for any
of those microsatellite repeats.

4. Discussion

In this study, we used two species of birds representing homomorphic and heteromorphic ZW sex
chromosomes, considering their length in terms of karyotyping, to investigate the role of repetitive
DNA in the enlargement of the sex-specific (W) chromosome. We demonstrated that the W chromosome
was subjected to particular evolutionary processes, as evidenced by their distinct heterochromatin
composition, illustrated by the unequal distribution and accumulation of several microsatellite repeats.
Thus, while in the W chromosome of the Scissor-tailed Nightjar no accumulation from those 11
microsatellite sequences tested in the experiments was observed, the W chromosome of the Common
Potoo showed a large degree of accumulation of repetitive sequences.

4.1. Chromosomal Divergences between Common Potoo and Scissor-Tailed Nightjar

Despite the considerable variation in their diploid numbers (2n = 86 in the Common Potoo and
2n = 74 in the Scissor-tailed Nightjar), already demonstrated by previous reports [37,39], substantial
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additional divergences could also be highlighted here. Concerning the number of microchromosomes
in both species, we can assume that the reduction of these elements in the Scissor-tailed Nightjar
probably resulted from interchromosomal rearrangements [52,53]. Although both species present
specific constitutive heterochromatin-rich regions in their genomes, pairs of microchromosomes were
almost completely heterochromatic only in the karyotype of the Common Potoo (Figure 2C,F).

Both species preserved a single pair of microchromosomes carrying ribosomal clusters,
corroborating Degrandi et al. [54]. In fact, most birds species show only one microchromosomal pair
bearing the 18S rDNA sequence, including the Palaeognathae, such as the Ostrich (Struthioniformes)
and the Rhea (Rheiformes), considered more basal in avian phylogeny [17,55], and also most Neognathae
birds, such as the Chicken (Gallus gallus, Galliformes), some Doves and Pigeons (Columbiformes),
and the Great Kiskadee (Pitangus sulphuratus, Passeriformes) [54,56–58]. Interestingly, the 18S rDNA
clusters are associated with the microsatellite sequence (CGG)10 in the Common Potoo and the
Scissor-tailed Nightjar (Figures 4B and 5C). Considering that similar results were described for
three species of woodpeckers [33], and even in a species of fish, the Freshwater Sardine (Triportheus
trifurcatus, Characiformes) [59], they indicate a certain affinity between the 18S rDNA cluster and the
(CGG)10 microsatellite sequence, which may be an interesting feature in evolutionary issues given its
phylogenetic amplitude, which could indicate a conserved state of this character in distinct genomes.

The hybridization of microsatellite sequences in the chromosomes of the Common Potoo and
the Scissor-tailed Nightjar presented differences regarding the amount, location, and signal intensity.
Seven probes exhibited signals exclusively in the Common Potoo, (CAA)10, (CAG)10, (CAT)10,
(GA)15, (GAA)10, (GAG)10, and (GC)15, not showing any positive signals in the chromosomes of the
Scissor-tailed Nightjar. This fact demonstrates a great difference in the diversity and accumulation of
repetitive DNAs between these species. It should be noted that, among the autosomal chromosomes
of the Common Potoo, the sequences (CA)15, (CAA)10, (CAC)10, and (CGG)10 produced signals
in only a few microchromosomes with no visible hybridization signals in any of the autosomal
macrochromosomes. In contrast, except for (CAA)10, those oligonucleotide probes hybridized in the
micro- and macrochromosomes of the Scissor-tailed Nightjar. However, there was also the hybridization
of (TA)15, which did not show signals in the Common Potoo, revealing a characteristic possibly intrinsic
to the Scissor-tailed Nightjar genome [58]. The microsatellite probes (CA)15, (CAA)10, (CAC)10,
and (CGG)10 produced positive signals in the genome of the Columbiformes and Piciformes, both in
autosomal macro- and microchromosomes [34,58], also located in the euchromatic regions. Therefore,
we may consider (CA)15, (CAA)10, (CAC)10, and (CGG)10 as important elements of functional regions
in bird genomes whereupon they are not associated with constitutive heterochromatin.

Altogether, these results may indicate that throughout the evolutionary history of this group,
the ancestor of the Common Potoo accumulated more microsatellite sequences than the ancestor of the
Scissor-tailed Nightjar, differentiating these two lineages in the order Caprimulgiformes.

4.2. The Sex Chromosomes of Common Potoo and Scissor-Tailed Nightjar: Same Origin, Different
Evolutionary Pathways

Despite the obvious common origin of the W chromosomes of both species [55], it is particularly
puzzling that these chromosomes followed different evolutionary pathways since their morphology
and heterochromatin composition are strikingly different in each species. In the Scissor-tailed Nightjar,
the W chromosome is one of the smallest metacentric elements and largely heterochromatic [37].
On the other hand, the Z chromosome presented just a small block of heterochromatin in the
pericentromeric region and has an acrocentric morphology located between the 3rd and 4th autosomal
pairs (Figure 2D,F). These same patterns are also frequently found in the sex chromosomes of other
Neognathae species [41,42,60]. However, in the Common Potoo, the W chromosome is submetacentric
and similar to the Z, both with a size between the 4th and 5th autosomal pairs. Indeed, the Z and W
chromosomes of the Common Potoo appear to be homomorphic when analyzed in conventional Giemsa
staining (Figure 2B). However, after C-banding, it was possible to observe a remarkable difference
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between them, since the Z presented only a heterochromatic marking in its pericentromeric region,
while the W was notably heterochromatic (Figure 2A–C). The G-banding pattern was also distinct
between these chromosomes. Further, the comparative G-banding pattern of the Monk Parakeet W
chromosome is quite different from what was observed in the Common Potoo, which is different in
number and position of bands [23], suggesting the W chromosome has undergone different processes
of differentiation regarding the composition and sequences organization, which becomes more evident
after the chromosomal mapping of the microsatellite repeats, as discussed below.

The amount and diversity of microsatellites in the W chromosome of the Common Potoo are
remarkable (Figure 6). Therefore, we can infer that the genome organization of this species has placed
the repetitive sequences on the W chromosome by a process of accumulation and amplification of
repetitive sequences, which led to an increment in the size of the W, similarly to what was found in
Monk Parakeet [23]. Although the accumulation of repetitive DNAs in the W chromosome (similar
to or larger than Z) have occurred independently in different species, as reported in the Monk
Parakeet and the Spot-flanked Gallinule [23,24], these sequences have the typical mutational behavior,
higher than other parts of the genome, leading to several microsatellite sequence amplifications in
the W chromosome of the Common Potoo [58,61]. Thus, it is possible that this chromosome is in a
distinct state of differentiation by the accumulation of repetitive microsatellite sequences, and not an
intermediary representative for the ZW sexual differentiation system in the avian class, as proposed by
Nieto et al. [39]. Nevertheless, these sequences do not have the same origin and are probably silenced
through the extensive heterochromatin in the W chromosome.

Despite the accumulation of several microsatellites repeats in the W chromosome of the Common
Potoo, in the Scissor-tailed Nightjar this chromosome did not show any microsatellite hybridization,
similarly to what was observed in a study analyzing Picidae species [34]. Therefore, it is plausible
that the W chromosome of the Common Potoo reacted to evolutionary pressures, more likely genetic
drift, leading to this highly differentiated W chromosome. Thus, it demonstrates the importance
of accumulation and amplification of repetitive sequences in the morphological and sequence
differentiation of sex chromosomes in birds [23,34], as well as in the evolutionary dynamics of
the W chromosome [20]. Indeed, previous works have also highlighted the key role of microsatellite in
young/non-differentiated sex chromosomes in contrast to highly differentiated ones [62,63].

5. Conclusions

In conclusion, we have found different results for each species, indicating that the diversity of
repetitive motifs is an important chromosome marker in avian evolutionary and genomic research,
particularly for sex chromosomes. The large blocks of microsatellites and the heterochromatin amount
in the W chromosome of the Common Potoo may be the result of the response mechanisms to different
evolutionary pressures, leading this genome to accumulate repetitive sequences and resulting in the
morphological differentiation and enlargement of this sex chromosome, which is uncommon for most
bird species [20,24,60]. We can speculate that such a difference in the degeneration progression of
homologous sex chromosomes might result from the lineage-specific mechanisms that influenced the
rate of W-chromosome differentiation [8,21]. These characteristics highlight the importance of the
Common Potoo as a model species for studies concerning the differentiation of the ZW sex system.
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