Cytogenctics 7- 27-38 (1968)

The multiple sex chromosome system of American
leaf-nosed bats (Chiroptera, Phyllostomidae)!

T. C. Hsu, R. J. Baker? and T. Urakojs

Section of Cytology, The University of Texas M. 1. Anderson Hospital and
Tumor Institure ar Houstron, Houston, Tex., and Deparrment of Zoology, Uni-
versity of Arizona, Tucson, Ariz.

Abstract. Karvological cxamination of 26 species of bats from the family Phyl-
lostomidac revealed two Y chromosomes (XY, Y.} in six specics involving three
genera. All females are of the XX constitution. Meiotic studies demonstrate the
origin of the additional Y in Cerelliz to be the homolog of an autosome trans-
located to the X element. 'T'he origin of an additional Y in Ar#bens is best ex-
plained as a separatc cvent. In one species of Artibens (A, tarpis) a centric fusion
of the two Y elements is ecmphatically suggested.

Introduction

Deviations from the standard XX/XY sex determination system are
sporadic in che class Mammalia. In several isolated cases an XX/XY, Y,
system was found. These include two marsupials, Potorons tridactylns
(SHARMAN ¢f 2/, 1950; Waren and Brown, 1962; SHAW and KrooTH,
1964) and Profemnodon bicolor (SHARMAN, 1961; Moorr and GREGORY,
1963), an inscctivore, Sorex aranzzs (Bovey, 1949; SHARMAN, 1950)
and a rodent, Gerbillus gerbiflys {Marriney, 1954; WanHRMAN and
Zanavy, 1955},

This report presents several additional cases of the XX/XY Y, sex
determination system, found in the American leaf-nosed bats, with a
discussion on the phylogeny of this family, Phyllostomidae.
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Materials and methods

Other than two male specimens of Carollia perspicillata that were collected by Mr.
Rosert DDooLEy, all specimens were collected by one of us (R.].B.). These were
from the 11 localities listed in the table. All animal specimens wete deposited in
the Department of Zoology, University of Arizona.

The lung tissues of Carolfia perspicillata were used to initiate cell cultures for
cytological preparations. ‘T'esticular tissucs of these specimens were fixed directly
for squash preparations. For all other specimens, the antmals were injecred with
Velban (0037, per gram of body weight) for three hours, and cells from bone
marrow were used for air-dried slides (Parrox, 1967). With the exception of
Carallia perspicilizia, where meiotic cells were studied, sex chromosomes were
determined on the basis of the heteromorphic pair which remained afeer all other
chromosomes had been satisfacrotily paired in the male complement. Of the
heteromorphic clements found in the male, the one thar occurred twice in the
female complement was considered the X, and the chromosome(s) that appeared
only in the male complement was considered the Y(s).

Results

The chromosomes of plyllostomids

The table summarizes the cytological data of the present study.
The diploid nuraber varies from 16 {(Choeronyeteris mexicana) to
46 (Macrotus warerbonsii). The diploid number of 16 is the lowest
known in Euthesian mammals.

The three genera under consideration show an XX/XY|Y, sex
chromosome complex. Other species, except those whose males have
not been studied, exhibit the regular X X/XY sex chromosome con-
dition. All species, except Zrachops cirrbosus, had a distinctly biarmed
X element. Of these species, 17 had a small acrocentric Y, wheteas
six had a biarmed Y clement,

Cenus Choeroniscus

Five male specimens of C. gedwani were examined cytologically.
All showed 19 chromosomes (Fig. 1). Since no female specimen was
available, the X chromosome is presumed to be a medium-sized
submetacenttic, which can be identified without difficuity. The two
Y chromosomes differ considerably in size. The small Y, chromosome,
an acrocentric, is also unique in this karyotype. The Y, element,
a relatively large acrocentric, may be confused with one pair of the
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Fig. 1. Karvotvpe of a male Choeroniscus godmani, 21 = 19.
Fig. 2. Karvotype of a male Caroffia perspicillata, 2n = 21.

Fig. 3. Karyvotvpe of a female Carollia subrufa, 2n = 20, Note a picce of chromatin
within the secondary constriction of the X chromosome.
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Collection and cytological data of the

No. of
Sex Lacality specimens 2n
Chilonycrerinac
Dlevogotus davyi Gray 7 7 1 38
3 1 1 38
P parneffii (] A ALLex) 3 4 { 38
2 7,9 2 38
P prilatis (DorsoN) @ 7 1 38
3 11 1 38
Phyllostominae
Misronyeleris megalotis Gray 3 9 i 40
AMacrotis waterbonsti Gravy $ 4 1 46
Phyllostonus discator WAGNLR 3 7 1 32
¢ 7,9 3 32
Trachops cirrbosus (Sp1x) 3 7,9 3 30
¢ 7 2 30
Glossophaginae
Glossophaga commrissarisi GARDNER - § 7 2 32
2 7 2 32
G soricing (PALLAS) 3 4,5 10 32
= 57,9 7 32
Annora geoffroyi Gray 3 7 2 30
Choeronyeteris mexicana TsCHUDL ? 6 1 16
Choeronisens godmani (T110MAS) 3 7 ] 14
Leptanyeterss sanborni HOFTMEISTER 3§ 1 1 32
2 7 1 32
Carollinac
Carollia perspicillata agteca SavsstrE 5 12 21
C. subrafa (HanN) 3 3,79 5 21
Q 3,7,9 6 20
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bat specics examined in this study

No. of
Sex Locality Specimens 2n
Sternoderminac
Stwrnira lfium (GEOFTROY) 3 2,3 4 30
¥ 2,3 2 30
S, fudorici AxornioNy 3 3 1 30
= 3 1 30
U'radvrwea bilobainm PETRERS 3 8,9 4 44
% 9 1 44
U ampyrops helleri PETERS 3 7,9 2 30
Chiroderma piflosims PETERS 3 7 1 26
& 7 2 26
Artibens jamaicensis LRaCIL 3 3,4,10 6 31
2 4,9 3 30
A Bratus (LicueNstriNg 3 2,7,10 5 31
T 2.3 3 30
Al gurpis (MiLLer) 3 9 1 30
7 9 1 30
A roltecrr (SAUSSURE) 3 3 1 31
¥ 2,37 3 30
Linehisthones hartii (THOMAS) = 7.8 2 30
Coptario sonen: CTRAY o 7 1 23

Key to localities:

- Tequesquirengo — Cueva del Cerro, Morclos, Mexico.
. Oaxtepee, Morclos, Mexico.
. Ojo de Agua del Rio Aroyac, near Potrero, Veracruz 4610, Mexico.
« 231 km S from Mexico City by Highway 95, Guetrero, Mexieo.
157 km S from Mexico City by Highway 95, Guerrero, Mcezico.
. Ojo de Agua de Mexicapan, 3.4 km N. Tcloloapan, Guerrero 1487\, Mexico.
- 24 miles W. Cintalapa, Chiapas 7500, Aexico.
. Pucnte Mosquito Cartetera Arriaga a Tapachula Chiapas, Mexico.,
9. km number 184 on Highway 200 N. Huxilta, Chiapas, Pucnta Bada Ancho,
Mexico.
10. Rio Piaxtla on Highway 15, Sinaloa, Mexico.
11. Alamos, Sonora, Mexico.
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12, Tuxrla, Veracruz, Mexico.
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subtelocentric autosomes. However, the second arm of Y, is a short,
knoblike structure, whereas that of the autosome is considerably
more prominent,

The long arm of the Y, chromosome is longer than the long arm
of the X.

Geenns Carollia

Two species, C. perspicillata and C. subrafa, wete analyzed. Only
two male specimens of the former were available for cytological
studies, but 11 specimens of the latter were examined.

The karyotypes of both species are identical (Figs. 2 and 3).
The female individuals have a diploid number of 20 (XX) and the
males 21 (XY |Y,). The X chromosome is a large subtelocentric.

Fig. 4. Diakinesis of Curoflia perspicillaia. Note nine autosomal bivalents and the
sex trivalent.

Fig. 5. Mctaphase T of Carollia perspiciflata. Note nine autosomal bivalents and the
sex trivalent.

Fig. 6. Cut-out trivalents of the sex chromosomes of Carolfia perspicillata showing
similariry in synapsis behavior.
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Its Jong arm has a deep, conspicuous secondary constriction near
the centromere. The Y, chromosome is a long acrocentrie, and is
slightly longet than the distal segment of the X bevond the secondary
constriction; the Y, is a small acrocentric (Tig. 2).

The X chromosome of one female specimen of C. swhrufa had a
special feature: the secondary constriction seems to have two com-
partments, #/z., a small piece of chromatin was present in the middle
of the constriction (Fig. 3). However, no other specimens possessed
such a characzeristic.

The homology between the sex chromosomes can be traced by their
pairing behavior in prophase of spermatocytes. Figures 4 and 5
represent complete diakinesis and metaphase I, respectively, taken
from aceto-otcein squash preparations of testes of Caroliia perspiciliata.
The sex trivalent is cleatly demonstrated in each case. The Y, chromo-
some and the long arm of the X synapse petfectly, but the Y, 1s
attached end-to-end to the short arm of the X. Figure 6 presents
seven cut-out trivalents from different cells to show the consistency
of the configuration. Thus, the long arm of the X distal to the
secondary constriction 1s homologous to Y,. The behavior of the Y,
is typical of the ordinary ¥ chromosomes in most mammals with the
XY-type of sex determination.

Genns Artibeus

All autosomal complements of the four species, A. jamaicensis,
A fituratus, A, tolteens and A, twrpis, are morphologically indis-
tinguishable from one another. The diploid number is 30 (XX) for
all female individuals and 31 for males of the first three species
(XY,Y.). The diploid number of A. zrpis is 30 (XY).

The autosomes consist of ten pairs of submetacentric and meta-
centric and four pairs of subtelocentric elements. The X chromosome
is a large subtelocentric. It is difficult to distinguish unequivocally
from the large subtelocentric autosomes. The several species of
Artibens can be distinguished cytologically only by the morphology
of the Y chromosome or Y chromosomes.

. jamaicensis. T'wo acrocentric Y chromosomes. The Y, chromo-
some 1s approximately one third the length of the long arm of the X,
and the Y, chromosome is a minute (Fig. 7).

A. litwratns and . teltecns. Both species possess two Y chromo-

2 Cytogenerics 771, 1968
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somes, Y, and Y,. Both Y chromosomes ate small. It appears that
the Y| chromosome of Jituratus is slightly larger than its Y, (Fig. 8),
but the two Y’s are almost equal in size in softeczs (Fig. 9). However,

the distinction is rather vague.
A turpis, Classic XX/XY sex determination system, The Y chro-

mosome is a small submetacentric (Fig. 10).
Since no testicular material was saved for studies on meiosis,

homology between the sex elements remains to be determined.
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Fig. 7. Karyotype of a male Artibens jamaivensis, 2n = 31.
Fig. 8. Karyotype of a male A. fituratns, 2n = 31,
Fig. 9. Karyotype of a male A. reltecns, 2n = 31,

Fig. 10. Karyorype of a male 4. farpis, 2n = 30.
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Discussion

Translocations, especially the Robertsonian type, are thought to be
one of the most common processes in mammalian chromosomal
evolution. Robertsonian translocation (or fusion) is the formation of
a biarmed chromosome from two acrocentric elements. If the fusion
is between two autosomes, the diploid number is reduced by two and
the fundamental number (FN) remains the same. When such a fusion
occurs between an autosome and the sex chromosomes, both the
diploid number and the fundamental nomber are reduced by two.
If the fusion involves the X element but not the Y, the diploid number
is reduced by two in the female but by only one in the male. The FN
will be reduced by two in both sexes.

Naturally, a translocation hetween an autosome and an X does not
happen frequently, Thus only a few cases have been found in the class
Mammalia, and most of these do not occur in the same family.
Boarcankar {1967) reported a case in Libimops telfairi . THOMAS
(Tenrecidae, Insectivora), where the population s polymotphic in
regard to the sex chromosome condition, »iz., both XX/XY and
XX/XY Y, karvotypes coexist.

Our finding that six species {three genera) in one family possess
this XX/XY,Y, constitution is unique. From the chromosome mor-
phology of female Choeronyeteris and the close taxonomic relation-
ship between Cheeronycteris and Choeroniscus, we consider a 17-
chromosome male Cheeromyeteris a distinet possibility.

The Carallia case, like Pororous, is a classic example of X-autosome
translocation. A number of bat species have a medium-sized meta-
centric or submetacentric X (e.g., Pieronotus, Phylisstonus, Glossophaga).
This is probably a mote primitive form. Probably the original X
of Carellia was a medium-sized, almost metacentric chromosome.
The translocation apparently involved one of the arms (possibly the
slightly longer one) of the original X. After the translocation, the
arms of the X became distinctly unequal in length. Of interest is the
deep secondary constriction on the new X at or about the juncture
of translocation. Again the sitnation is similar to that of Poforosns.
It is possible that the long arm of the original X carried a terminal
nucleclus organizer. The fusion resulted in an interstitial nucleolus
organizer,

The katyotype of Carsltia subrufa depicted in Figure 3 may have had
a paracentric inversion which involved the nucleolus organizer.
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Since most specimens of this species examined had a nucleolus
organizer without a piece of chromatin in the middle, the inversion
may simply be an anomaly. Other than this minor difference, the
two species of Carsllie unquestionably share the same original
transtocation. But we are not certain about the direct phylogenetic
relationship between Carolfia and Chosroniscus, though the two
karyotypes exhibit many similarities. Superficially, the two genera
are quite different in their feeding habits (Carellia arc fruit-eaters and
Choeroniseris nectar-eaters), Their differences, however, may be adaptive
to suit the individual feeding habits af7er the translocation occurred in
a primitive ancestor, Therefore, it is not altogether outrageous to
consider that the two genera are more refated than other taxonornic
characteristics have indicated. Nevertheless, the sex chromosomes of
Choeroniscus and those of Carellia are counsiderably different, ¢.g., the
absence of a distinct secondary constriction in the X of Chaeroniscus,
the disproportion between the long arm of the X and Y, ete.
Without additional evidence, homology between the sex elements of
these two genera remains a question, since the possibility of paral-
lelism cannot be eliminated. In all Choeronisens examined, Y, is always
longer than either arm of the X. If the homolog of Y; has been
translocated to the X, subsequent rearrangement of either the X,
the Y, or both must have occurred, which would account for the
huge size of Y, in relationship to the arms of the X,

The situation in ~Ar7ibens is quite different from those in Carollia
and Choeroniscns. The two Y chromosornes do not differ greatly in
length, even though one may be slightly longer than the other.
In all species the Y, is considerably shorter than the long arm of the X.
If the X-autosome translocation in Arsbens were the same as the one
which gave rise to Carollia, numerous changes would be required
to produce the present Arzibens karyotype. These include the elimina-
tion of the nucleolus organizer region, a shortening of the short arm
of the X and, above all, a drastic reduction in size of the Y, chro-
mosome,

A more likely and alternative explanation is that the .dribens
translocation was an entirely different event from that of Careliia.
The long arm of the original X (a distinct submetacentric) fused with
a relatively small acrocentric, approximately the size of the Y, of
Jamaicenis. Thus one translocation will produce the present jumaicensis
sex chromosomes. Neither the original long arm of the X nor the
acrocenttric had terminal nucleolus organizers.
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The genus Ar#thens is interesting in itself because of the karyvological
differences among the species examined. The Y, chromosome shows
a reduction of size. The morphology of the #rpis Y chromosome
emphatically suggests that a Robertsonian fusion between Y; and Y,
has taken place. If this be true, fwrpis, though having a classical
XX/XY karyotype, is in reality more advanced than its sister species
which possess an XX/XY,Y, constitution. By the same token, many
closely related genera, such as ampyrops and Stwrnira, which have
karyotypes indistinguishable from that of A. #urpis, may all have had
X-autosome and Y-autosome fusions in their past history. Without
intermediate forms such as 4. Séwratus, the origin of the aberrations
would not have been detected, and the sex-determining mechanism
would have to be considered as a classical XX/XY.

Since the morphology of the X chromosomes of all members of the
subfamily Stenoderminae, which undoubtedly represent one line of
evolution, suggests an X-autosome fusion, this translocation must
have an ancient history. The evolutionary sequence of the Y chromo-
some, however, appears complex, The species which possess the
highest number of acrocentrics, Uroderma bilobatum, shows a biarmed
Y, similar to that of Argbeus tarpis. If we consider Uroderma, a
cytologically more primitive form, two possibilities exist regarding
the formation of the metacentric Y: (1) the Y-autosome translocation
occurred repeatedly but independently and (2) a fission occurred
in the ancestor of several species of Arfibens after the fusion.

Karvological features are often useful in tracing phylogenetic
relationships. In cases such as Myozis, where 14 species had karyotypes
indistinguishable from one another but different from those belonging
to other genera (17 species) of Vespertilionidae, chromosome analysis
offers unquestionable support to the validity of the common origin
of these 14 members (Baxer and Parron, 1967). In Phyllostomidae,
chromosomal characteristics are certainly superh tools for evolutionary
studies, especially if these are combined with morphological, physio-
logical and behavioral patterns. A general discussion regarding
chromosomal evolution in this family is presented by Bakgr (1967)
with detailed documentation of karyotypes of various species in
Phyllostomidae.
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