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Abstrget, Two new chromosomes complements of Aofies frivivgaies griseimenia are
described making a total of five different karyorvpes observed in this subspecics inhaliting
Fanama gnd the northwestern part of Colombis, South America. Detailed comparisons
of the G-banded chromosomes of these fve karvotypes sucgest that the polymarphism
of chromosome numbers 36 and 35 m Panamanian Asies andd 34, 33 and 32 in Colombian
Awiny slems primarily from a Robertzonian translocation mechanizm invalving pairs B13
and Bl14 {or A1y A oscecond Robertsonian translocation mechanism invalving pairs B2
and H29 (or A2) constitedes the Xarvolypio dafferences between the two chromosomal
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TRiradueiion

I recent vears, the South American owl maonkey, Aofus, has become
increasingly popular as a laboratory animal for various types of biomedical
resgarch. The demund For and paucily of this monkey prompted the establish-
ment of breeding Aofus colonies in this country with proper genelic ma-
nagement, Although commaonly regarded as a single species, this primate is
actually comprised of 1 heteroeencous assemblage of karvotypmcally different
animals with diploid numbers of chromosomes ranging from 46 to 54 27,
910, 13, 14, 2000 At the New Logland Regional Primate Center, we have
studied the chromosome complements of Aofus by utlizing banding tech-
nigques. Seven different karyotvpes have been identified from over 300 dotus
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in our colony [14]. Based on wvariations of pelage coloration, karyotypes
and geographic origin, we postulated that our samples of owl monkeys
might represent at least four allopatric chromosome races. Examination
of the chromosome complement of 300 additional Aoty substantiated our
postulation and disclosed two additional karyvotypes of Astss from Panama,
which possibly represent a fifth allopatric chromosome race, The present
paper describes the chromoesomal homology between these Panamanian
Aptus and owl monkeys rom the northwestern part of Colombiz.

Materials aud Methody

Twenty-ons owl monkeys (nine males, 12 females) collected from Panama wene among
the 800 Agres specimens which we analveed cytogenetically at the New England Regicnal
Primate Research Center. Ten dorms (three males, seven females) were members of a
coleny of Panamaman owl monkeys captured east of the Papama Canal Zone, Seven
Aotus (five males, two females) from the same colony were captured west af the Canal
Lone. Four additional Fanamanian Aetey specimens wene housed ar the Lettenmnan Army
Imstitute of Rescarch, 8an Francizeo. Their exact geagraphic origin is unknown.

Friom cach monkey, 2 ml of peripheral blood were withdrawn Trom the femoral vein
with a heparmiced syringe and transferred immediately o a sterile vial containing an
cqual amount of FI0 Nurient Mixdure, The specinen was packed inside an ioner water-
mroat container within a sturdy mailing case and shipped promptly b priority air mail
Ly o laboratory withour refrigeration,

Standard chromosome preparations were then made from each specimen roceived
fallowing the leukocyle culture methoed [16], Air-dricd meraphase spreads were subjected
to different saining treatments inchiling conventional Wrizht and Giemsa's stains for
routing chromoseme counts, and the trypsin digestion fechnigue [1#] te obtain G-band
patterns. Mitotic spreads were also treated lo demonstrate C-band patterns [17], Thirty-
five differentially stained spreads from each monkey were phelographed on high contrast
filny and printed. Chromosome counts were made directly frem the prints, and well-spread
metaphase chromosemes swere karvotyped and analyred, In ogccord with the system
established in our laboratery, each Aot karyalype was prepared by assigning autosomes
to two morpholegical groups (A and B) and aligning the chromosomes in cach group in
arder of decreasing size, Chromosomes included in group A had metacentric or submets-
centric comfigurations, while those that had sulielecentric or acrocentric siructurnes were
placed in group B as deseribed previously [14],

Fexder aned (hservarions

Morphologically, all 21 Panamanian Aefvs included o this report have
the distinet pelage features characteristic of Aot trivirgatus griveimenibra
Elliot. 1912, as described [12]. The are phenotypically similar to Aofus in-
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habiting the northwestern part of Colombia; facial characteristics and in-
tensity of the black head markings can usually be utilized for differentiation.
A fogriseimembra has light yvellowish hair on its abdomen and chest, The
underside of the neck and back are cinnamon in color with agouti hairs, [ts
lace has a narrow white mantle around the periphery, The tail is brown at the
base, shading to black at the tip,

Chromosome analysis of these Panamanian Adatns revealed two diploid
numbers. Nine Aoefws, four males and five females (three captured east of
the Canal Zone, three captured west of the Canal Zong and three at the
Lerterman Army Institute] had a diploid count of 56, while the remaiming
|2 animals, four males, eight females (seven from east of the Canal Zone,
Four from west of the Canal Zone and one at the Letterman Army In-
stitute) had a chromoesome complement of 2n = 33, The karyetype with 56
chromosomes {designated as K-LX, 2n = 36) consists of four pairs of meta-
and submetacentrics (group A, 3-0) and 23 pairs of subtela- and acrocentric
autosomes (group B, 7-29) The X chromoseme is medium sized and sub-
metacentric, and the Y is a small metacentric, the smallest of the chromo-
some complement. Hemologeuws chromesomes can be identified by their
distinctive G-band patterns and paired readily as shown in figure la. To
compare the degree of chromosomal homoelogy between karyotypes of the
Panamanian Aetur and the Colombian Aofus, each G-band chromosome
pair of the Panamanmian complement was assigned a number and placed in
accord with the chromosomal arrangement established for the Colombian
complements (K-1T, 2n — 54; K-I11, Zn = 53, and K-1V, In = 32) pre-
viously described [I4] A composite karvotvpe of K-IL 2o — 54 K-11T,
2n = 33, and K-IV, 2n — 52 is shown in figure 2 [14]

On the karvogram of Panamanian Aotws with 56 chromosomes (K-1X,
2n = 363, the positions assigned for Al and AZ pairs are left vacant (fig. la).
Twenty-six chromosome pairs (A 3-6, B 7-27), including the sex chromo-
somes, have dentical matching elements with those of K-Il, 2n = 34
Autosomal pairs B28 and B29 are characteristic only of the karyotvpes of
Panamanian monkeys.

After the C-band treatment, pericentromeric heterochromatin bands of
various sizes are present on all chromosomes of these animals as illustrated
in fizure b, Six pairs of autosomes: A3, BY, BE, BY, Bll and BI2 have an
additional heterochromatin band on the telomeric end of their short arm
while pairs A5 and A6 have a telomeric C-band on their long arm. The short
arm ol the remaining subtelo- and acrocentric pairs appears o be com-
pletely heterochromatic.
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Fieo L Karvotypes from G-band (2) and C-band (b) preparations of & Panamanian
Acdis with a diploid sumber of 56 (K-1X, 2n S&). The chromosomes are arranged
following the system established for the Colombian complemant (B-11, 2n — 34; K-TIT,
In = 53; and KA1V, In = 52}, Group A includes all metacentric and submetacentric
autozomes. Group B omcludes sl subtelocentric and scrocentric autosomes, In chis
karvotype, the positions assigned for Al and A2 pairs are lell vacant.
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Fig. 2. Composite of G-band chromasomes of Colombian owl monkeys with karvo-
types 1 {2n = 54), TIT {2n = $3) and IV (?n = 523 Note three unmatched chromosomes

in K-1I1 {2n = 53). Long and short arms, respectively, of Al are identical 1o B13 and B4
[14].

Eleven of the 12 animals with a chromosome complement of 2n — 335
share a common karvorype (designated as K-VITL 2n — *3) consisting of
four-and-ene-half pairs of meta- and submetacentrics (A1, 3-6), 21 pairs
af subtelo- and acrocentrics (B 7-12, 15 291 and two unpaired acrocentric
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Fig., 2. a A G-band karyotype and & a C-band karyotype of a Panamanian Aot
with 55 chromosome count (K-VIIL 2n = 53), The arcangement of chromosomes is the
same a5 deseribed in figure [ Motice that this chromosome complement of 2n = 55 has
identical matching clements with the complement of K-13% (2n = 56) except Tor the un-
paired Ad, B13 and Bi4 chromaosomes.

autosomes (B13, Bl4). The X and Y chromosomes are identical 1o sex
chromosomes of owl moenkeys with 36 chromosomes. Examples of G-band
and C-band karyotypes from an Aems with a chromaosome complement of
In = 55 are shown in figures 3a and 3b, respectively. Excepl for pairs
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Figo @0 A G-band karvolype of o Panamanian Aates with a complement o K-1X
(20— 552 RO One of the X chromesomes s consistently ahsent from all metaphase
spreads studicd.

B28 and B2Y, all other chromosomes have identical matching elements wilh
chramosome complement of K-II1, 2n — 53. The relationship among the
three unmatched chromosomes AL, B3 and B4, characteristic of karyo-
types with 353 or 53 chromosomes, as illustrated in figure 2, can be ex-
plained by a single inversion of B14 and fusion with chromosome B3
L constitute chromosome Al as described previously [14].

[n the chromosome complement of the Panamanian Aofer, the sub-
stitution of two autosomal pairs, B28 and B29, for chromosome pair A2
is the chiel difference from the chromosome complement of the Colombian
Anius.

The existence of the polymorphism and the origin of the A2 chromosome
pair in the Colombian Aot as well as the B28 and B29 pairs in Pana-
manian Aoy can be explained by the occurrence of a fusion or fssion in
the subspecies, A postulated telomeric-centromeric fusion of chromosome
B29 to chromosome B28 would form the A2 chromosome pair found in
K- KT and K-1¥, Such an assumption is supported by C-band pre-
parations in which the A2 chromosome is characterized by a C-band on
the short arm of the A2 chromosome. probably representing the inactivated
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pericentromeric  heterochromatin band  of chromosome R29 (k=Y LI,
2n = 55 and K-IX, 2n — 54).

From these 21 specimens of Panamanian Aeios, we have identificd one
apparently normal female having a diploid count of 55 but with a karvotype
characteristic for K-IX, 2n = 36, [n 100 spreads, a medium submetacentric
chromosome consistent with the second X sex chromosome was absent,
An example of the karyotype of this individual with the X-O anomaly is
shown in figure 4,

Dhetssion

Crw] monkevs inhabiting Central Americe and the northwestern par
ol South America are commonly combined under the subspecies Aofus
frivivgatuy griseimembra [11, 12]. Previouws studies on the chromosome com-
plement ol A. ¢. griseimembra from the northwestern part of South America
demonstrated three dilferent chromosome numbers of 54, 33, and 52 [14].
These karyotypes were designated by us as K-11, 2n = 54: K-1I1, 2n — 53:
and K-V, 2n = 52, respectively. K-11. 2n — 54 is distinguished by having
homelegous pairs BI13 and Bl4 which arc absent and substituted hy a
homelegous Al pair in K-1V, 2n — 32, K-111, 2n — 33 is characterized by
having a haploid set from both K-11, 2n — 54 and K-1V, 2n — 52 com-
plements. Chromoesomal analysis of a random sample of 263 Colombian
Annis showed 148 animals with the K-11, 2n — 34 complement, 165 had the
K-LL 2n — 33 complement and 47 of them had the K-V, 2n — 52 com-
plement. The Irequencies of these three types are consistent with the Hardy-
Weinberg equilibrium,

Since chromosome complements with 33 and 36 diploid counts resulted
from rearrangement of the same two pairs of chromosomes (B13 and B14).
these two additional karyotypes representing Aofus, captured in Panama,
disclose the existence of another chromosomal race in the subspecies 4. 1.
griseimembra. Although we have not vet ohserved the karyotype with a
34 diploid eount and characterized by having a homologous Al pair, we
anticipate its existence. Further samples of Aones from Panama may
establish this point.

Our finding of true polvmorphism of chromosame number in two se-
parate chromosomal races of A« griseimembra substantintes the charac-
terization and stabilization of such a chremosome rearrangement (invalving

=)

BI3 and BI4 pairs) in the subspecies. The rearrangement involving chromao-
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some pairs B8 and B2% probably is of a mare recent arigin, and combined
with geographic isolation, constituted two separate chromosomal races
within this subspeeics.

In man, the X-0» chromosome anomaly occurs once in 2,500 female
barths [13] and is usually associated with a clinical entity known as Turner’s
syndrome. In mammals, this sex chromosome aberration has also been
reported in the mouse, horse [1] and rhesus monkey [19]. Except for the
mouse, an X-0 chromosomal condition usually confers infertility upan the
bearer. In our samples of 800 Aoiwy, two were found to have such a chromo-
somal anomaly. One is a Colombian Aofus with & complement of K-11,
2n — §3; XO previously reported [14], while the second, which we report
here, is a Panamanian Aofus with a K-1X, 2n = 53: XO complement. Pheno-
typically, both of these “X-0" animals appeared normal in size and body
weight, and with no obvious distinguishing features, Further studies on the
development and lertility of these animals are in progress.

The high frequency of X-O carrier in our samples may be comncidental. [tis
also possible that in this lower Torm of primate, an X-0 condition is less
deleterious for the survival of the carrier than in man, where 3% of the
commaon chromesomal aberrations encountered in aborted fetuses had the
X0 complement of sex chromoesomes [8, 15],
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