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Abstract
Tanomtong, A.!, Bunjonrat, R.%, Sriphoom, A.%, Chinorak, P.2, Kaensa, W.},
Kamolnarranath, S.* and Dumnui, S.3
A study on karyotype of Small-toothed palm civet, Arctogalidia trivirgata
(Carnivora, Viverridae) by using conventional staining method
Songklanakarin J. Sci. Technol., 2005, 27(6) : 1209-1220

This research was the first karyotypic study of Small-toothed palm civet (Arctogalidia trivirgata).
Blood samples were taken from two males and two females kept in Dusit Zoo, Bangkok. After the standard
whole blood lymphocyte culture at 37°C for 72 hr. in presence of Colchicine, the metaphase spreads were
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performed on microscopic slides and air-dried. Conventional Giemsa's staining were applied to stain the
chromosome. The results showed that the number of diploid chromosome of Small-toothed palm civet was
2n = 40, the fundamental number (NF) was 66 in both male and female. The type of autosomes were 2 large
metacentric, 2 large submetacentric, 8 large acrocentric, 4 large telocentric, 4 medium submetacentric, 4
medium telocentric, 4 small metacentric, 2 small submetacentric, 2 small acrocentric and 6 small telocentric
chromosomes. In addition, chromosome 17 showed a clearly observable satellite. X-chromosome was the
large metacentric and Y chromosome was the smallest acrocentric chromosome.
The karyotype formula for the male Small-toothed palm civet (Arctogalidia trivirgata) is as follows:
2n (40) = L™ +L*" + L2+ L +M*™ +M" +8™ 48" +S* +§' +X+Y
= L™+ L™ + L2+ L +M™ + M +S™ +5° +8° +S'
The karyotype formula for the female Small-toothed palm civet (Arctogalidia trivirgata) is as follows:
2n (40) = L™ +L*" + L2+ L +M*™ +M" +S™ +8°" +8* +§' +X+X
= L™ 4L + L2+ L +M™ + M +S™ +5° +8° +S'

Key words : cytogenetics, karyotype, Small-toothed palm civet (Arctogalidia trivirgata)
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Kingdom : Animalia
Phylum : Chrodata
Class : Mammal
Order : Carnivora
Family : Viverridae
Subfamily : Paradoxurinae
Genus : Arctogalidia
Species : Arctogalidia trivirgata
Wilson tag Cole (2000) 18914731 “aSAuite
(Carnivores) ﬁqiaﬂﬁazui 11 296 23 29fidos 129 1@
271 i@ uar Hickman wag Robert (1994) &3
awi “aiaglududufuidandos 11 20 léun
5 (dogs) Wi (bears) u3IAQUUAT “aSlndAe
(raccoons and relatives) aiiu weNa wiva (civets
and relatives) latiun (hyenas) V8 w1 (cats) Wanan
(mongooses) 12 4 wuALIBS A9 uIn (weasels,
badgers, skunks, otters) 2885 (walrus) “ulansia
(sea lions) LLazLLN’JfIW (seals)
“0Sluaed Viverridae salanfogia™u 6 29
gag 20 na was 38 %%a (Wilson and Cole, 2000)
“wiuludsznelnawurionue 3 wddes 9 na uaz
11 wiie lun
1. 24fsas Paradoxurinae Usznaudiawniue
wsodua39 (Binturong, Arctictis binturong) 8iAndns

MeNIDIAKEIINAT (Asian palm civet, Paradoxurus
hermaphroditus) diiuLasa (Masked palm civet,
Paguma lavata) gLﬁu%ﬁ’m’l’a"qd’m (Small-toothed
palm civet, Arctogalidia trivirgata)

2. wfgas Viverrinae Usznaudianzuaulag
aauay (Banded linsang, Prionodon linsang) seN®
wiladan8qa (Spotted linsang, Prionodon pardiccolor)
FLNALNY WN9A1  (Large-spotted civet, Viverra
megaspila) weNaWNIINUADY (Large Indian civet,
Viverra zibetha) wazvzueidea (Small Indian civet,
Viverricular indica)

6 1 . . 1% a & g‘

3. Megas Hemigalinae U9enaueigaliibiin
(Otter civet, Cynogale bennettii) wazdABANLAA
(Banded palm civet, Hemigalus derbyanus) (Iam ,
2541; Lekagul and McNeely, 1977, 1988; Wilson
and Cole, 2000)

(% 6 . . [ <) v 61 ¥

a5lua9f Viverridae doudu “adihduaso
ANNIENBUYLR SInuacANaIes @it w.e. 2535
o a o &’ [ v v 61 dld
MUWIN 8 TUA LL@&IH%’]%’J%%Qﬂﬁ]@I%LﬂH AN
unalsiulnd g@ud (Vulnerable, VU) §7u2u 1 wiia
1% ! % o [ IS L% {d‘d 1%
Toun  wzuauns uniedn  dadu aind awlng
,awuid (Endangered, EN) 9113w 3 ila Miun wene
WUBIRIEYA  TENALUAIRIELOL  BIAUAIZNIA LA
o & o _eda o o & 1 a ..
Joudun a8 mwlnd gWugededs (Critically en-
dangered, CR) 91121 1 wika loiun Sifiutin (Usehi,
2541; wae, 2540)

Figure 1. Small-toothed palm civet, Arctogalidia trivirgata (Carnivora, Viverridae)
Source : http://www.chiangmaizoo.com/animal/pg-an013.asp
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Lekagul wae McNeely (1977, 1988) 18914
NdAuwiagasludsanalnanuld 3 wiedes
(subspecies) Toiun Arctogalidia trivirgata leucotis
(Horsfield, 1851), A. t. major Miller, 1906 wae A. t.
macra Miller, 1913
#eine (Figure 1) Téun auandndrdansnainrais”
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1988)
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AANT A WAzDLAULATE  AITIENIUNTANBIVDY

Ray-Chaudhuri wacamuwe (1966); Wurster Wae

Benirschke (1967, 1968); Wada wazame (1983);
Wang uazane (1984); Masashi wae Harumi (1993)
(Table 1)
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1@ (jugular vein) Wulunaaa Jne (vacuum
tube) 2119 10 WA, N1U339 13 heparin wailasin
maudsdvasdan wimnsuslunsz@niiudsnaan
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Table 1. Karyotypic studies of animals species in the subfamily Paradoxurinae (Carnivora,

Viverridae).
Species 2n NF m+sm a+sa  t+st X Y Reference
Binturong 42 66 in male 22 18 - m(M) m(S) Waurster and Benitrschke
(Arctictis binturong) and female (1967, 1968)
Asian palm civet 42 - 20 - 20 m(M) sm(S) Ray-Chaudhuri et al.
(Paradoxurus (1966)
hermaphroditus) 42 66 in male 22 18 - m(M) -(S)  Wurster and Benitrschke
and female (1967, 1968)
Masked palm civet 4 - - - - - - Wada et al. (1983)
(Paguma lavata) 44 68 in male 22 20 - m(M) sm(S) Wurster and Benitrschke
and female (1967, 1968)
44 69 in male 24 18 - m(-) a(-) Wang et al. (1984)
68 in female
44 66 in male 8 18 16 m(-)  m(-) Masashi and Harumi
and female (1993)
2n = diploid number NF = fundamental number m = metacentric
sm = submetacentric a = acrocentric sa = subacrocentric
t = telocentric st = subtelocentric X = X-chromosome
Y = Y-chromosome M = medium chromosome S = small chromosome
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1Surmitas (whole blood microculture)
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1.1 AISEWIZLAENLTRA
a g 6 = A
1) @8N IWITLNILLRENLTRRLNALRD AU
nilg RPMI 1640 711 13n3dun1sueizad (mitogen)
fia PHA (Phytohemagglutinin) e aidindiu 2% 11
1 g
stock ®1WITLLNATIUINDIRITLRLNLAALEDAVIIIA
8z 5 wa.
2) BudoadiAEuntIz1IEa1vIuIN 0.5
g 1 U
NA. RUABIAUIWIZLASY Ll 1Tazansuaidan

@

win Deranenaing wludslugin (incubator)

NomunR 37°C AReSuanleaanlad 5% wazninig

q U
A Y

wendaanniwasnNan

3) ifensunanfuigmasie Tl
72 fnn3viaa 13azane Colchicine tusniung T
fu wiin lddaludundadn 30 wad

1.2 msifuinenioas

1) $1n19818 198zA1ELREANVIALNN
wesdonaslunasadumios (graduated centrifuge)
e 12 w8, wnturdeed 1,200 sau/wit 1
e 10 wi LLé”n‘fnmi@ﬂ "l (supernatant) ‘ﬁa

2) inlFimadnasdnianilaslulanasi
Msnszanedd laginnnsvea 0.075 M KCl i
hypotonic solution 41%43% 10 Na. a4lbAZNOULTAN
MMIn NN TUEIE vortex mixture wdUNda Y
an 30 un

3) \ensuAmnainsuanet KCI aan
Tastinluifmmiesit 1,200 sou/m#t 1inwan 10 wid
wivnmage aul fie

4) MNIASILTaS (fix) Iﬂﬂm‘n@uﬁwm
a3sLmnanutifunaziasonlvall wa (fresh cold fix-
ative) #flda1 "maas methanol : glacial acetic acid
T 3:1 ldmaanvon veainenadsmassiazen wios
UK WaRa kgAY 138ea8¢a8 vortex mixture LAn
anldsmaTazinm 8 wa.  wluiuwmdesd 1,200
sou/und 1Hum 10 uid Mnnage wineadaaad
FuUning

5) fdnlude 4 3n lasdas g andSuns
ienesansiliudazaiong Suanefeduagiuaaiu

1 w09 138zan1e Wdnauld 1sazaneil wazeznan
LTARTTUWARA HIN199a 1sRzAad UL
e udnnsdntineedeeradaslusn 1 wa. ins
W alddnAu

6) 14 micropipette 99 1I8EAUALND
wndidadanriusuns 20 lashas asun ladd

sorauazdudn insite ladldude (air dry tech-
nique)

7) fian Taslulouuwuusssuen (conven-
tional staining) ¢18”~ Giemsa's 10% Hwiaan 15 w1n
M eandheiiUseln fe ladliuste wiinly
Anmeadeandasganssmivuuldy saiadagllé

2. MIA3I0 avlaslulesw

PMIFALRaNLTRa NN TUL SR E sz
(metaphase) fiilaslulonls Sundesnniuly was
fin1snszanedivaslasiulanlaldausiuiu  arenw
laslaulandiAnniivgaranaduazineilondieas
20 1 ad mwanasnei 3,800 wih anwnlaslalaw
aNBULERY  Twensen (2532) lagldedidiasia
angnvasieulaslulandresny (length long, L)
i (Iength short, Ls) 911013814 MAI610210
gvaslaslulaundazune (length total, LT) @
relative length (RL) waz@1 centromeric index (CI)
wdien LI, Ls, LT, RL was CI vaelaslulausa 20
\88 NMNALaAe (mean) 55161 RL waz CI uvnen
Lﬁﬂx‘imummgﬁu (standard deviation, SD)

aranugMvasla s lanndazurs (LT)

= @8I ABE1981 (L) + wundng % (Ls)

@1 relative length (RL)

= LT/anwgnveslaslalawnng (ZLT) x 100

@1 centromeric index (CI) = L1/LT

maduguaslaslulmiandn dadeluil

1. wnmsdugaaslasialon lasgainaanen
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al

n1+LT

Taslulawawianats (M) < (LT odsgii 1
wang avie) /2
loslulawauiadn (S)  <LT wdsghn 1/2

HawazInIainMInAaeg
=< al 6 v ea s a
mafnweslenduas “ailsuuundaans-
6 = 3 1o
TolninanajUuuy TeastuadiuaNmNIE Nuas
AN £AIN F9312N1%aaN Ray-Chaudhuri wazanss
(1966) mn1sdaanslalnivesdiindrearalaeses
auvaslaslulovaneia  nlaslulousiaiuni-
WUNIn FunLEwnIn sunlalsunin wasinla-
a a = v & A ]

wiwn3n wazanaluwaiadaiiuiisasanawialng Ly
fsuuraan o uazdnsleslulowmeliyuansan o
209NN T aAdBINUMLNIBYEY Fredga (1972) 7
o2 a & @ 2 o ® o o o a
Tadnmaslalndvasionen Tedodu “nisuduin
&' 1 Qs 1o Qs
e wuLAenu we  wsulusieviuzes Wurster waz
Benirschke (1968) nn1siaaislalndvas “addudy
a g & oA ' a
Antioaanidu 2 ngu Aa nauusnaziSaalasialawain
wswalng lidnaaslasiulousiammiauninuaz -
wnunin ngud asaz3aslaslulonanuuialug
lTuidnvaslaslulavsiaezlasiauninuasinlaiaunsn

‘wndulaslulaniisesnanil o (satellite chromo-
some) 22219 iynUuE1 @ wazaleslulawineals
ANV A

lusna9114209 Nash waz O'Brien (1987); Wada
uazamz (1991) ldisssmmadaanslolnilu “adnqu
wa (Usidae)
laslulonauialug aludaudn o

o (% a 6 a o (%
nn1saaaislalnidisosarsuain
laalaigiadnu
loslulowadiale uazslaslulonweliynasaa o
= al 6 a & U 1 2// g
nnsfnean3le Intlvasdiiuninannyalua s
nn13saaslentlanisnisvey Nash waz O'Brien
(1987); Wada et al. (1991) WABAIN AN INIIANEN
nnnsiaanslalni (Figure 2 and 3) w84
SiduntinInens wuldwaulasiulaw 2n (diploid)
Wiy 40 uris WevinmsSauisuny “ainagly

6 1 . a (% v a & % 1

19fios Paradoxurinae L@gnnuiudiiuntinu1igais

= a a & U a & A 1 a o
Ao YRUD BTind9aNY WABLRWLATE WUIIRIIUIL
Taslulen 2n iy 42, 42 waz 44 uvid aNaIeu
(Ray-Chaudhuri et al., 1966; Wurster and Benirschke,
1967, 1968; Wada et al., 1983; Wang et al., 1984;
Masashi and Harumi, 1993)

. e v 4 a4 .
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AR B
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a & o ! Ao X
Suinniinaasduinlasialonivugiu
(fundamental number, NF) iy 66 nisluiwaguas
a di o a a o fdl | 6 1
weds  WamnaIsuisuny “aihedluasddas
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o loun  wdzewazdiiudemaiituiulasiulay
P e Y y
WHIIWNINY 66 mlmwmymmwmﬁﬂ (Wurster and
Benirschke, 1967, 1968) 8uininIanauinlasiulan
J 1 s U
wngw iy 69 luiweaduas 68 Tuiwends (Wang
et al.,1984) Wiy 66 Naluiweaguaziweiile (Masashi
and Harumi, 1993) i 68 visluiweduazinaiile
(Wurster and Benirschke, 1967, 1968) uazaalawnss
a & % 1 . v & =<
VDIALHWHIIDIIRAN (Figure 4) 1 L RUDINNT
anvwiauedlasiulansrenmiaadldaudidy anauie
Tyalluamwnadn
a & % 1 = 1
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8% aw
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Figure 2. Metaphase chromosome and karyotype of male Small-toothed palm civet
(Arctogalidia trivirgata) 2n (diploid) = 40, satellite chromosome (arrows)

(metacentric) ¥walwal 2 uvd  FuNLTUNIN

(submetacentric) swalng) 2 uvis  azlasimunin
(acrocentric) vwalua 8 une wlatwunin (telo-
centric) UWAMY 4 WHY TUNNUWTUNINIWIANANS

4 wid NIRLTWNSNUUIANGTS 4 WYY LNNLEUNIN

PUNALAN 4 WYY FUNNILTUNINUWIALEN 2 Wi
22 lATLIUNINUBIALEN 2 WYY WaTNlaLTUnINUUIa
=3 1 4' o a a o (4‘ 1 6 |1

10 6 urie Wanimswisuisuiu “ainagluisfdas
LALNY WUINAIINBANATN VDI TN 5ANEA LA
Waurster Was Benirschke (1967, 1968) 318414731
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Figure 3. Metaphase chromosome and karyotype of female Small-toothed palm civet
(Arctogalidia trivirgata) 2n (diploid) = 40, satellite chromosome (arrows)

nivadlaslulanenesfianiauninuazduiun-  Wurster wae Benirschke (1967, 1968) 31891147313
wunin 22 uns aslasiawninuasduaslasiaunin  laslulansnsnisriamnisun3nuasFuinaunsn
(subacrocentric) 18 uvi4 Ray-Chaudhuri uagams 22 wviv azlasisuninuwasduaclasiounsin 18 wyiv
(1966) Tswindidudsasdlasiulonieniesida  Wang uazame (1984) :rasuindmiuiaiadlasiulan
WNLTUNIN 8 Wrie FunaunIn 12 urie dumla-  SemernasnaunInwasduInaunsn 24 ung
un3n (subtelocentric) 14 uviv wlataun3n 6 urs  azlasiaunsn 18 wiiv Masashi waz Harumi (1993)
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Chremosome pairs

Figure 4. Idiogram of Small-toothed palm civet (Arctogalidia trivirgata) 2n (diploid) = 40
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Table 2. Mean of length short arm chromosome (Ls), length long arm chromosome, length
total arm chromosome (LT), relative length (RL), centromeric index (CI) and
standard deviation (SD) of RL, CI from metaphase chromosome 20 cells in male
and female Small-toothed palm civet (Arctogalidia trivirgata) 2n (diploid) = 40.

Chromosome Ls L1 LT RL+SD CI+SD Size of Type of
pairs Chromosome Chromosome
1 035 1.17 1.52 8.61+0.000 0.769+0.008 L a
2 0.00 1.25 125 7.08£0.001 1.000+0.000 L t
3 027 090 1.17 6.62+0.001 0.765+0.006 L a
4 0.00 1.15 1.15 6.51£0.001 1.000£0.000 L t
5 0.54 057 1.11 6.28£0.000 0.515+0.010 L m
6 025 0.83 1.08 6.11+0.001 0.823+£0.018 L a
7 030 0.77 1.06 6.00£0.000 0.726+0.013 L a
8 041 0.62 1.03 5.83+0.001 0.601+0.007 L sm
9 026 0.58 0.84 5.66+0.001 0.690+0.019 M sm
10 0.00 0.83 0.83 4.70+£0.000 1.000£0.000 M t
11 029 050 0.79 4.47+£0.001 0.632+0.011 M sm
12 0.00 0.76 0.76 4.30+0.001 1.000£0.000 M t
13 022 048 0.70 3.96+0.000 0.685+0.018 S sm
14 0.00 0.66 0.66 3.73+0.001 1.000£0.000 S t
15 0.00 0.55 0.55 3.11+0.001 1.000£0.000 S t
16 0.25 027 0.52 294£0.001 0.519+0.025 S m
17 0.12 039 0.51 2.88+0.000 0.764+0.011 S a
18 0.00 0.50 0.50 2.83+0.001 1.000£0.000 S t
19 0.21 0.23 0.43 2.43£0.001 0.534+0.013 S m
X 040 0.59 099 5.66+0.001 0.595+0.013 L m
Y 0.05 0.15 020 1.13+0.000 0.750+0.002 S a

large chromosome (mean of LT > 0.975)

medium chromosome (mean of LT = 0.760-0.975)
small chromosome (mean of LT < 0.760)
metacentric chromosome

submetacentric chromosome

acrocentric chromosome

= telocentric chromosome
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