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Standardized Karyotype and Idiogram of the
Agile Gibbon, Hyloba Tesagilis (Primate, Hylobatidae)

by Conventional Staining Technique
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Abstract

Standardized karyotype and idiogram of the agile gibbon (Hylobates agilis) at Songkla Zoo, was
studied. Blood sample were taken from 1 female and 2 males agile gibbon. After lymphocyte
culture, the mitotic chromosome preparation was done by air-drying method and conventional
Giemsa’s staining technique. The results show that diploid chromosome number is 2n=44, and
the fundamental number (NF) are 88 in both female and male. The autosomes consist of 12
large metacentric, 8 medium metacentric, 4 medium submetacentric, 2 medium acrocentric, 8 small
metacentric and 8 small submetacentric chromosomes. In addition, a pair of the long arm near
centromere of chromosome 12 showed clearly observable satellite chromosomes. The X-chromosome is
the medium submetacentric and the Y-chromosome is the smallest acrocentric chromosome. The
karyotype formula for the agile gibbon is as follows:

2n (44) = Lm12+f\/\m8+!\/\5m4+!\/\az+Smg+S.sm8 + sex-chromosomes
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1. Introduction

There are 12 species of gibbon in the
world and subdivided into 4 genera, namely
Hylobates (2n=44), Hoolock (2n=38), Nomascus
(2n=52) and Symphalangus (2n=50) (Wilson
& Cole, 2002; Geissmann, 2002; Mootnick &
Grove, 2005). Three species have been found
in Thailand including white-handed gibbon
(H. lar), pileated gibbon (H. pileatus) and agile
gibbon or dark-handed gibbon (H. agilis) that
are only in the lar group (Lekagul & McNeely,
1977, 1988; Brokelman, 1981).

The common characteristics of the agile
gibbon are closely resemble H. lar, but without
white hands and with much less white around
the face. The species is asexually dimorphic,
with one phase buff to light gray, the other
black or dark brown, almost maroon. The
paler forms often have the under parts and
inner sides of the limbs darker, while in the
dark phase, the rump is palest (Lekagul and
McNeely, 1977, 1988).

According to the cytogenetic studies of
agile gibbon by Chiarelli (1972); Stanyon et
al. (1987); Van Tuinen et al. (1999); Hirai et
al. (2003, 2005); Tanomtong et al. (2008) and
Supanuam et al. (2012) found that the
cytogenetics of the agile gibbon in Thailand
has not been studied. In this study, we confirm
and compare the results with previous report.
In addition to, this is the first report about

chromosome measuring for determining size
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and formula karyotyping that has not been
studied before. Thus, it is important to conduct this
study, as it should be basic knowledge and can

be applied to accommodate further research.
2. Materials and methods

Blood samples from the jugular vein were
collected from 1 female and 2 males agile
gibbon, which were kept from Songkla Zoo,
Songkla Province using aseptic technique.
The samples were kept in 10 ml vacuum
tubes containing heparin to prevent blood
clotting and cooled on ice until arriving at

the laboratory.
2.1 Cell preparation

The lymphocytes were cultured using
the whole blood microculture technique
adapted from Rooney (2001) & Campiranont
(2003).

2.2 Cell culture

The RPMI 1640 medium was prepared with
2% PHA (Phytohemagglutinin) as a mitogen and
kept in blood culture bottles of 5 ml each. A
blood sample of 0.5 ml was dropped into a
medium bottle and well mixed. The culture
bottle was loosely capped, incubated at 37°C
under 5% of carbon dioxide environment and
regularly shaken in the morning and evening.

When reaching harvest time at the 72" hour
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of incubation, colchicine was added and well
mixed, followed by further incubation for 30

minutes.

2.3 Cell harvest

The blood sample mixture was centrifuged
at 1,200 rpm for 10 minutes and the supematant
was discarded. Ten ml of hypotonic solution
(0.075 M KCl) was applied to the pellet
and the mixture was incubated for 30 minutes.
KCl was discarded with the supernatant
after centrifugation again at 1,200 rpm for
10 minutes. Cells were fixed by fresh cold
fixative (methanol: glacial acetic acid = 3: 1)
gradually added up to 8 ml before centrifuging
again at 1,200 rpm for 10 minutes, and the
supernatant was discarded. The fixation was
repeated until the supematant was clear and
the pellet was mixed with 1 ml fixative. The
mixture was dropped onto a clean and cold
slide using micropipette followed by the air-
drying technique. The slide was conventionally
stained with 20% stock Giemsa’s solution

for 30 minutes.

2.4 Chromosomal checks, karyotyping and

idiograming

Chromosomal checks were performed on
mitotic metaphase cells under light microscope.
Twenty cells each of male and female with
clearly observable and well spread chromosomes

were selected and photographed. The length
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short arm chromosome (Ls) and the length
long arm chromosome (L) were measured to
calculate the length total arm chromosome
(LT, LT = Ls+LD. The relative length (RL), the
centromeric index (Cl) and standard deviation
(SD) of RL, Cl were also computed to classify
the types and size of chromosomes according
to Chaiyasut (1989). All parameters were used
in karyotyping and idiograming according to
Nash and O’Brien (1987) and Wada et al.
(1991).

3. Results and discussion

Cytogenetic study of the agile gibbon using
lymphocyte culture and the conventional
staining procedures revealed that the
chromosome number is 2n (diploid) = 44,
which consists of 42 autosomes and 2 sex
chromosomes (X and Y-chromosome). This
is the same chromosome number for the
agile gibbon as reported by Chiarelli (1972);
Stanyon et al. (1987); Van Tuinen et al.
(1999; Hirai et al.(2003, 2005; Tanomtong et al.
(2008) and Supanuam et al. (2012). Comparing
with gibbon species in the genus Hylobates,
the chromosome numbers were all the same
according to Chiarelli (1972), who reported
the chromosome numbers of gibbon species
in the genus Hylobates (H. lar, H. agilis, H. moloch,
H. hoolock and H. klossii) are 2n=44. Furthermore,
Stanyon (1987) also reported that the chromosome

numbers of H. lar, H. Agilis, H. moloch, H. muelleri
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and H. klossii are 2n=44. The gibbon species
were classified by chromosome number into
4 genera (12 species) namely Hylobates, Hoolock,
Nomascus and Symphalangus with chromosome
number 44, 38, 52 and 50, respectively
(Geissmann, 2002).

This examination also revealed that the
fundamental number, NF (number of
chromosome arms) of the agile gibbon is 88
in male and female. This is the same NF for the
agile gibbon as reported by Chiarelli (1972).
The chromosomes in mitotic metaphase plate
and the karyotype of the agile gibbon are
shown in Figure 2.

The agile gibbon has 3 types of autosomes,
which are 28 metacentric, 12 submetacentric and
2 acrocentric chromosomes. The 28 metacentric
autosomes are classified by size into 12
laree, 8 medium and 8 small chromosomes, the 10
submetacentric autosomes are classified by size
into 4 medium and 8 small chromosomes
while the 2 acrocentric autosomes are
distinguished to be 2 medium chromosomes.
Difference chromosomal features were
reported by Chiarelli (1972), which indicated
that the agile gibbon had 24 metacentric and
18 submetacentric autosomes. The idiogram
of the agile gibbon shows the gradually
decreasing length of the autosomes (Figure 3).

The important chromosome marker of the
agile gibbon is the asymmetrical karyotype,
which is all 3 types of chromosomes are found

(metacentric, submetacentric and acrocentric
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chromosomes). The largest and smallest
chromosomes show high size difference
(approximately 9 folds). The largest and second
chromosomes are metacentric chromosomes,
and the Y-chromosome is the smallest
acrocentric chromosome.

The X-chromosome of the agile gibbon is
a medium submetacentric chromosome and the
Y-chromosome s the smallest acrocentric chromosome.
These features are difference to that reported by
Chiarelli (1972) indicating that an agile gibbon
had a submetacentric X-chromosome and a
submetacentric Y- chromosome. In- comparison
with gibbon species in the genus Hylobates in
Thailand, that the X-chromosomes of the H. lar
and H. pilaetus are metacentric or submetacentric
chromosomes. The Y-chromosomes of those
species are submetacentric or acrocentric
chromosomes (Bender & Chu, 1963; Hamerton
et al., 1963; Chiarelli, 1972; Warburton et al.,
1975 & Supanuam et al., 2007). Dutrillaux et al.
(1975) indicated that the Y chromosomes of
the members of the genus Hylobates are tiny
(dot like) with varying shape. Occasionally, the
centromere is not obvious and the type of
the chromosome is difficult to classify. Moreover,
the report of variation in human Y-chromosome
by Makino & Takagi (1965) revealed that the
length of the acrocentric Y-chromosome
varies among individuals.

In this investigation, the nucleolar
organizer regions (NORs), which represents

the chromosome marker, locates only on
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the long arms near centromere of the pair
metacentric autosomes 12. In contrast,
Stanyon (1987) indicated that the NORs of
lar group gibbons present of the pair autosome
21. This difference may due to the different
methods of karyotyping and measuring.
Charelli (1972) reported that the NORs of genus
Hylobates in Thailand, H. lar and H.agilis, located
on the short arms of the pair autosomes 21,
while Warburton et al. (1975) indicated that
the NORs located on the long arms of the
pair autosomes 21. The study by Jones et al.
(1994) indicated that only 1 pair of NORs is found
in the autosomes of gibbons and baboons.
Supanuam et al. (2012) reported that the
H. Agilis had NORs on the short arms of
chromosome pair 10 (submetacentric chro-
mosomes).

After measuring the length in centimeters of
the chromosomes in mitotic metaphase
plate for 20 cells in males and females. The
mean of length short arm chromosome (Ls),
length long arm chromosome (L), length
total arm chromosome (LT), relative length (RL),
centromeric index (Cl), standard deviation (SD)
of RL, Cl, size and type of chromosome in male
and female of the agile gibbon show in tables 1
and 2. The idiogram of the agile gibbon shows

gradually decreasing length of the autosomes
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and sex chromosomes. The karyotype formula

for the agile gibbon was as follows:

2n (44) = L7 M gt M M S g4 S g +

Sex-chromosomes

A. The male agile gibbon

B. The female agile gibbon

Figure 1 The male (A) and female (B) agile gibbon,
Hylobates agilis (Cuvier, 1821)
(Primate, Hylobatidae) from Songkla Zoo, Thailand.
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Figure 2 Metaphase chromosome plates and karyotypes of the male (A) and female (B)  Agile gibbon
(Hylobates agilis) 2n (diploid) = 44 by conventional staining technique, arrows indicate satellite chromosomes

(nucleolar organizer regions) and sex- chromosomes

Table 1
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Mean of length short arm chromosome (Ls), length long arm chromosome (L),
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length total arm

chromosome (LT), relative length (RL), centromeric index (Cl) and standard deviation (SD) of RL, CI from

metaphase chromosomes of 20 cells in male agile gibbon (Hylobates agilis) 2n (diploid) = 44.

Chromosome Ls LL LT RL+SD CI+SD Chromosome Chromosome
pair Size Type
1 179 197 376 0.080F0.001 0.524%0.013 Large Metacentric
2 129 159 288  0.061%0.003 0.55210.011 Large Metacentric
3 137 147 284  0.06120.002 0.518%0.021 Large Metacentric
4 126 151 277  0.05910.002  0.54530.017 Large Metacentric
5 122 137 259  0.05510.003  0.52930.023 Large Metacentric
6 112 141 253 0.05430.002  0.557%0.009 Large Metacentric
7 057 171 228 004910001 0.75010.036 Medium Acrocentric
8 096 126 222 004710001 0.56810.011 Medium Metacentric
9 1.06 114 220 0.047%0.001 0.518%0.008 Medium Metacentric
10 090 114 204 004310003  0.559%0.021 Medium Metacentric
11 086 115 201 004310002 0.572140.018 Medium Metacentric
12* 077 123 200 004310002 0.615%0.031 Medium Submetacentric
13 075 125 200 0.04310.001 0.62510.032 Medium Submetacentric
14 080 108 188 0.040%0.002 0.5747%0.015 Small Metacentric
15 077 105 182 003910003 0577%0.016 Small Metacentric
16 085 095 1.80 0.03810.001 0.528%0.010 Small Metacentric
17 055 098 153 003310001 0.641F0.024 Small Submetacentric
18 069 081 150 003210002 0.540%0.018 Small Metacentric
19 057 086 143 003010001 0.601F0.034 Small Submetacentric
20 045 069 114  0.024%0.001  0.60510.020 Small Submetacentric
21 038 071 109 002310002 0.65110.044 Small Submetacentric
X 0.88 136 224 0.048%0.001  0.60710.032 Medium Submetacentric
Y 010 034 044 000910001  0.77320.015 Small Acrocentric

Remark: *satellite chromosome (nucleolar organizer region, NOR)
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Table 2
Mean of length short arm chromosome (Ls), length long arm chromosome (L), length total arm
chromosome (LT), relative length (RL), centromeric index (Cl) and standard deviation (SD) of RL, Cl from

metaphase chromosomes of 20 cells in female agile gibbon (Hylobates agilis) 2n (diploid) = 44.

Chromosome Ls LL LT RL+SD CI+SD Chromosome Chromosome
pair Size Type
1 1.86 207 393 008110003  0.527%0.011 Large Metacentric
2 133  1.67 3.00  0.062%0.001  0.557%0.007 Large Metacentric
3 148 151 299  0.061%0.002  0.50510.012 Large Metacentric
4 133 158 291  0.060%0.002  0.54310.008 Large Metacentric
5 126 142 268  0.055%0.002  0.530%0.015 Large Metacentric
6 113 147 260  0.053%0.001  0.56510.012 Large Metacentric
7 057 178 235 004810002  0.75710.017 Medium Acrocentric
8 1.03 132 235 004810001  0.562%0.018 Medium Metacentric
9 110 123 233 0.048%0.001  0.528%0.019 Medium Metacentric
10 092 124 216 004410002  0.57410.010 Medium Metacentric
11 0.88 127 215 004410001  0.591%0.013 Medium Metacentric
12* 094 115 209 004310002  0.608%0.028 Medium Submetacentric
13 081 128 209 004310001  0.61240.033 Medium Submetacentric
14 081 115 196  0.040%0.001  0.587%0.015 Small Metacentric
15 079 111 190  0.039£0.002  0.58410.016 Small Metacentric
16 0.88 1.02 190 003910002  0.53710.027 Small Metacentric
17 061 101 162 003310003  0.62310.027 Small Submetacentric
18 069 083 152 003110001  0.54610.012 Small Metacentric
19 057 088 145 003010002  0.60710.025 Small Submetacentric
20 048 073 121 002520001  0.60310.035 Small Submetacentric
21 038 074 112 002310002  0.661%0.024 Small Submetacentric
X 091 143 234  0.048%0.002 0.611%0.010 Medium Submetacentric

Remark: *satellite chromosome (nucleolar organizer region, NOR)
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Figure 3 Idiogram of agile gibbon (Hylobates agilis) 2n (diploid) = 44 by conventional staining technique, arrow indicate

satellite chromosome (Nucleolar organizer region, NOR).

Acknowledgement

The financial supports from The Zoological
Park Organization Under the Royal Patronage of
H.M. The King. We also thank Dr. Sumat
Kamolnaranath, chief of the Educational

division, for valuable help. We would like to

thank the director of the Songkla Zoo for
the gibbon’s blood samples. Thanks to the
authorities and officers of these zoos for

good cooperation.



Koch Cha Sarn Journal of Science Vol.37 No.1

References

Bender, M. A, &E. H. Y. (1963). The
chromosomes of primates. In:
Evolutionary and genetics biology of
primate, (1). Academic Press: New York,
USA.

Brokelman W. (1981). Primates of Thailand.
Bangkok: Kurusapha Ladprao Press.

Campiranont, A. (2003). Cytogenetics.
Bangkok: Kasetsart University, Faculty
of Science, Department of Genetics.

Chaiyasut, K. (1989). Cytogenetics and
aytotaxonomy of the family
Zephyranthes. Bangkok: Chulalongkorn
University, Faculty of Science,
Department of Botany.

Chiarelli, B. (1972). The karyotype of the
gibbon. In: Gibbons and Siamang (1),
Rumbaugh, D. M. (ed), Karger, Basal.

Dutrillaux, B. Rethore, MO. Aurias, A.
Goustrad M. (1975). Analysis of two
species of gibbon (Hylobates lar and
H. concolor) by various banding
techniques. Cytogenet and Cell Genet,
15, 81-91.

Geissmann, T.  (2002). Taxonomy and
evolution of gibbons. Primatol and
Anthropo, 1, 28-31.

Hamerton, J. L, Klinger, H. P, Mutton D. E,
Lang E.M. (1963). The somatic
chromosomes of the Homonoidae.

Cytogenetics, 2, 240-263.

81

Harai, H., Mootnick, A. R, Takenaka O.,
Suryobroto, B, Mouri, T., Kamanaka Y.
(2003). Genetics mechanism and
property of whole-arm translocation
(WAT) between chromosome 8 and 9 of
agile gibbon (Hylobatesagilis). Chrom
Res, 11, 37-50.

Harai, H., Wijayanto, H., Tanaka, H., Mootnick,
AR, Hayano, AH., Perwitasaki-Farajallah,
D.A. (2005). Whole-arm translocation
(WAT) separating Sumatran and
Bornean agile gibbons and its
evolutionary features. Chrom Res, 13,
123-133.

Jones, S. (1994). The Cambridge encyclopedia
of human evolution. Cambridge:
Cambridge University Press.

Lekagul, B., McNeely, J.A. (1977). Mammals
of Thailand. Ied Bangkok: Kurusapha
Ladprao Press.

Lekagul, B., McNeely J.A. (1988). Mammals
of Thailand. 2"ed. Bangkok :
SahakarnBhaet.

Makino, S., Takagi, N. (1965). Some
morphological aspects of the abnormal
hurman Y chromosome. Cytologia, 30,
274-291.

Mootnick, A., Grove, C. (2005). A new generic
name of the hoolock gibbon
(Hylobatidae). Inter J of Primatol, 26,
971-976.

Nash, W.G., & O’Brien, S.J. (1987). A

comparative chromosome banding analysis



82

of Ursidae and their relationship to other
carnivores. Cytogenet and Cell Genet,
45, 206-212.

Rooney, D.E. (2001). Human cytogenetics :
constitutional analysis. Oxford: Oxford
University Press.

Stanyon, R. (1987). Banded karyotype of
the 44-chromosome gibbons. Folia
Primatol, 48, 56-64.

Supanuam, P., Tanomtong, A., Khunsook, S.
(2007). Standardized karyotype and
idiogram of the pileated gibbon,
Hylobates pileatus (Primate,
Hylobatidae) by G-banding and high-
resolution technique. Cytologia. 72(2),
189-194.

Van Tuinen, P. V., Mootnick, A. R,,
Kingswood S.C., Hale D. W, Kumamoto
A. T. (1999). Complex, compound
inversion/translocation polymorphism in
an ape: presumptive intermediate stage
in karyotypic evolution to the agile
gibbon, Hylobates agilis. Amer J of
PhyAnthrop. 110, 129-142.

Wada, M.Y., Lim, Y., Wurster-Hill, D.H. (1991)
Banded karyotype of wild-caught male
Korean raccoon dog, Nyctereutes
procyonoides koreensis. Genome, 34,
302-306.

Warburton, D., Handerson, A. S. (1975).
Atwood KC. Localization of rDNA and

Giemsa-banded chromosome complement

P

1M58153N8AEnS AvaIdu UN 37 adudn 1

of white-handed gibbon, Hylobates lar.
Chromosoma. 51, 35-40.

Wilson, D. E., Cole, F. R. (2002). Common
names of mammals of the world.

Smithsonian Institution.



