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Fish are the most primitive vertebrate group, may be
found in several types of environments and show wide
genetic variability both at the chromosomal and mo-
lecular levels, which makes them an interesting group
for evolutionary and cytotaxonomic studies (Kosswing
1973). Recently, many studies of fish chromosomes have
been reported, and a karyological approach to fish Sys-
tematics has become more valuable. Cytogenetic mark-
ers have been considered as authentic tools for charac-
terization of fish species as well as to screen putative
hybrids. In addition, these markers have also been found
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lagpure et al. 2006).
W cytogenetical reports on the family Chae-
todontidae demonstrated a highly conserved pattern,
considered basal for order Perciformes (2n=48, NF=48)
(Arai and Inoue 1975, Arai and Yamamoto 1981, Ojima
and Yamamoto 1990, Affonso et al. 2001, Hardie and
Hebert 2004, Galetti et al. 2006, Nagpure et al. 2006).
No study describing the karyotypes of the Indian vaga-
bond butterflyfish (Chaetodon decussatus) and lined
butterflyfish (C. /ineolatus) have been published until the
present. The present study is the first cytogenetic report
of C. decussatus and C. lineolatus accomplished with
the conventional staining and Ag-NOR banding tech-
niques. The obtained results can provide increasing cy-
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Fig. 2. Metaphase chromosome plates and karyotypes of male (A.) and female (B ) Indian vagabond but

decussarus) and male (C.) and temale (D) lined butterflyfish (C. lineolarus), 2n

technique (scale bars=3 um). There is no observation of strang

¢ size chromosomes related to sex.

terflyfish (Chaetodon

(diploid)=48 by conventional staining
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Table 1. Review of butterflyfish cytogenetic reports in the family Chaetodontidae.

Species 2n NF m sm £ NORs Locality Reference
Chaetodon decussatus 48 48 0 0 48 2(CR) Thailand Present study
C. lineolatus 48 48 0 0 48 2(SCR) Thailand Present study
C. auriga 48 48 0 0 48 e Japan Arai and Inoue (1975)
. 48 48 0 0 48 e Japan Hardie and Hebert (2004)
C. auripes 48 48 0 0 48 — Japan Arai and Inoue (1975)
48 48 0 48 — Japan Qjimaand Yamamoto (1990)
C. collare 48 48 0 0 48 2 India Nagpure et al. (2006)
- C. lunula 48 48 0 0 48 — Japan Arai and Inoue (1975)
C. plebeius 48 50 2 0 46 — Japan Arai and Inoue (1975)
C. sedentarlus 48 48 0 0 48 — Brazil Galetti e al. (2006)
C. striatus 48 48 0 0 48 2 Brazil Affonso er al. (2001)
C. strigangulus 48 50 0 2 Japan Arai and Inoue (1975)
C. trifasciatus 48 48 0 T — Araiand Inoue (1975)
C. vagabundus 48 4 A A F Y- ¢ Aratand Inoue (1975)
48 4 Hardie and Hebert (2004)
Heniochus acuminatus 48 Araiand Yamamoto (1981)

Remarks: 2n=diploid chromosome
t=telocentric chromosome. NORs=

Spme, sm=submetacentric chromosome,
romeric region and —=not available.

" lunula; C. plebeius; C.
" vagabundus (Arai and

| number (NF, number
ssatus and C. lineolatus
ales. The comparative
il§ Chaetodontidae showed
in " auriga, C. auripes,

'Iassi@?ion 4
Chaiyasut (1989). The centromeric indy ((,wit‘?«e*n
0.50-0.59, 0.60-0.69, 0.70-0.89, and 0.9840 ¢ ALB

described as metacentric, submetacentric, acro®sairic

and (_‘.«g\‘igmwu oi with NF=50 (Arai and Inoue 1975).

HA

consigled”of 48 telocentric chromosomes. According to

and telocentric chromosomes, respectively. Fundamental several authors, the karyotype composing of 48 telocen-
number, NF (number of chromosome arm), is obtained tric chromosomes (NF=48) should be regarded as basal
by assigning a value of two to metacentric, submetacen- for the order Perciformes. Such karyotypical constitution
tric and acrocentric chromosomes and one to telocentric seems to be common in marine species, which are gen-
chromosomes (Chooseangjaew et al. 2017). erally more cytogenetically conserved than continental
ones. At the moment, cytogenetical studies carried out

Results and discussion on the family Chaetodontidae and related species re-

vealed that this scenario is maintained even in morpho-
Diploid number, fundamental number and karvotype of logically and/or ecologically derived species (Arai and

C. decussatus and C. lineolatus Yamamoto 1981, Affonso et al. 2001, 2002).

The diploid chromosome number (2x) found in Both species investigated have no cytologically dis-
C. decussatus and C. lincolatus was 48 chromosomes in tinguishable sex chromosome. This characteristic is
both males and females (Fig. 2). In comparison with the similar to others in the family Chaetodontidae (Arai
family Chaetodontidae, it is the same diploid chromo- and Inoue 1975, Arai and Yamamoto 1981, Ojima and

some number as C. auriga (Arai and Inoue 1975, Hardie Yamamoto 1990, Affonso et al. 2001, Hardie and Hebert


Keang
Text Box


28 W. Supiwong et al.

Cytologia 82(1) Special Issue

A )‘; LI T 1 I T B TR Y
SR YL e, O & & @
W viy \ y }% 7 8 9 10 1 12
A # . S B S e
\ el S T T T 'Y
- ”gy *; 13 14 5 16 i MoK NOR
- R L T I [ T il T 1
x ——— 19 20 21 22 23 24
. ‘”“ . (T I [ ]
) S0 - 4 5 6
“vr 17 U1}
«f‘fgx o 11 12
§%‘V()/l:;g‘:;l
18
.
24
A
C. - T8
6

" X /% 7
& _"?No N\
» h ‘»v»‘@ ¥
*“ 3 ot ?&
' § ’ .
TNy
NorR” 1! B
AD

%ﬂ ’\(Ql 23 24 t

Fig. 3. Metaphase chromosome plates and karyo™
and male (C.) and female (D)) lined butter fiyfis

.) Indian vagabond butterflyfish (C. decussatus)
> 2n (diploid)=48 by Ag-NOR banding technique; scale

bars indicate 5 um. The region adjacent to the long arm centromeric region of medium telocentric chromosome pair 18
in C. decussatus and on the long arm subcentromeric region of medium telocentric chromosome pair 17 in C. lineolatus
showed clearly observable nucleolar organizer regions (NORs).

2004, Galetti et al. 2006, Nagpure et al. 2006). 1t is pos-
sible that the fish’s sex chromosomes are dependent on
an initiation of differentiation. Therefore, chromosomes
containing the sex-determination gene cannot be found
by cytogenetic analyses (Bertollo et al. 2004). The
karyotype formulas for C. decussatus and C. lineolatus
are as follows:
C.decussatus 2n (48)=L',,+M!,

C.lineolatus 2n (48)=L.,+M,

Chromosome markers of C. decussatus and C. lineolatus

Our present information was obtained by using the
Ag-NOR banding technique. The objective of this tech-
nique was to present nucleolar organizer regions (NORs)
representing the location of genes (loci) that function
in ribosome synthesis (18S and 28S ribosomal RNA)
(Sharma et a/. 2002). The regions adjacent to the long
arm centromeric region of medium telocentric chromo-
some pair 18 in C. decussarus and on the long arm sub-
centromeric region of medium telocentric chromosome


Keang
Text Box


2017

Table 2. Mean length of short arm chromosome (Ls). long arm chromosome (L),
index (CI) and stand
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ron total arm chromosome (LT). relative length (RL), centromeric
ard deviation (SD) of RL, CI from 20 metaphases of the Indian vagabond butterflyfish (Chaetodon decussatus),

2n=48.
Chromosome pair Ls Ll LT RL+SD CI+SD Chromosome size Chromosome type
1 0.00 2.52 2.52 0.027+0.001 1.000+0.000 Large Telocentric
2 0.00 2.41 241 0.026+0.001 1.000+0.000 Large Telocentric
3 0.00 2:33 2:33 0.025+0.001 1.000:+0.000 Large Telocentric
4 0.00 228 228 0.024+0.001 1.000+0.000 Large Telocentric
5 0.00 2,22 222 0.024+0.001 1.0000.000 Large Telocentric
6 0.00 218 2.18 0.023+0.001 1.000+0.000 Large Telocentric
7 0.00 2.15 2,15 0.023+0.001 1.000+0.000 Large Telocentric
8 0.00 2:11 2.11 0.023+0.000 1.000+0.000 Large Telocentric
9 0.00 2.07 2.07 0.022+0.000 1.000+0.000 Large Telocentric
10 0.00 2.03 2.03 0.022+0.000 1.000+0.000 Large Telocentric
11 0.00 2.00 2.00 0.0 000 .00t 000 Large Telocentric
12 0.00 1.96 1.96 021 ﬁ’I Large Telocentric
13 0.00 1.92 1.92 Ly ) Medium Telocentric
14 0.00 1.89 1§ 20 +0.00 000+'84( Medium Telocentric
15 0.00 1.84 ’QO.(W7 V&" Medium Telocentric
16 0.00 1.81 P@— s+ 0.0 00 0 @)\Q, dedium Telocentric
17 0.00 1.77 7 01913:0.901 00d+0. 1& dium Telocentric
18% 0.00 1.7, 3 019£0.00 00000 l,‘c' (um Telocentric
19 0.00 ¥ ‘Qj 1.01R}0.00 1.00p} 0 ffoo .@k‘dl m Telocentric
20 0.00 165 lg BB 30.0(T 10004000 Mediu Telocentric
21 0.00 1.61 0.9 A O 09+ ().000 Mediun Telocentric
22 0.00 1.55 & G1% O () 000 Medium Telocentric
23 0.00 1.45 45 §. 0N 6 /P 90, Medium Telocentric
2 0.00 ; 1. 0o 0 P / n Telocentric
Remark: *=NOR-bearingthromosor

Table 3. Mean length of shoft arm chrc fos ofal armchitemogdime (1T). rdlative length (RL), centromeric
index (CI) and standard deviat B yvlish (Chaertoden lineolatus), 2n=48.
Chromosome pair Ls LI o Jmosomc siffe Chromosome type
1 0.00 2@ A B0( [P Telocentric
2 0.00 2.@ A0 oo Telocentric
3 0.00 2.3 38 :().0) aLge Telocentric
4 0.00 v 3¢ 2 ( C‘!@uﬁx Telocentric
5 0.00 ,20'!/' 2! 3R + rgg Telocentric
6 0.00 2R4 ¢2,2 0.023 _O()' | 00+ 0.000 Tar Telocentric
i 0.00 2.2 V'yzo 0.021 , DaB20.000 é Lagbe Telocentric
& 0.00 218 Tt Q.022+0° )0+0.0) Lflrge Telocentric
9 0.00 2.15 2 R0 000 1000 Large Telocentric
10 0.00 2.11 211 (.UM 00Q Large Telocentric
11 0.00 208 28 &) 21:+0. 00:=0.00( Large Telocentric
12 0.00 2.05 2.05 "Q- = 0400 I ()\T&.OOO Medium Telocentric
13 0.00 2.02 2.02 0).02 JﬁOBH Aﬁt 7004, Medium Telocentric
14 0.00 1.99 1.99 0 0.000 1.000 2400 Medium Telocentric
15 0.00 1.96 1.96 0.020+0.00m 00+0.000 Medium Telocentric
16 0.00 1.93 1.93 0.020+0.000 1.000+0.000 Medium Telocentric
17* 0.00 1.90 1.90 0.019£0.000 1.000+0.000 Medium Telocentric
18 0.00 1.87 1.87 0.019+0.000 1.000+0.000 Medium Telocentric
19 0.00 1.83 1.83 0.019£0.000 1.000+0.000 Medium Telocentric
20 0.00 1.78 1.78 0.018:+0.000 1.000::0.000 Medium Telocentric
21 0.00 1.73 1.73 0.018:+0.000 1.000+0.000 Medium Telocentric
22 0.00 1.67 1.67 0.017+0.001 1.000::0.000 Medium Telocentric
23 0.00 1.59 1.59 0.016+0.001 1.000::0.000 Medium Telocentric
24 0.00 1.48 1.48 0.015£0.001 1.000+0.000 Medium Telocentric

Remark: ¥*=NOR-bearing chromosome (satellite chromosome).

pair 17 in C. lineolatus showed clearly observable NOR
(Fig. 3). In all species (four species) of the family Chae-
todontidae investigated to date, the single NOR-bearing
telocentric chromosome pair (centromeric and subcen-

tromeric regions) is conserved (Affonso et al. 2001,
Nagpure et al. 2006). Normally, most fishes have only
one pair of small NOR (single NOR) on chromosomes.
However, some fishes have more than two NORs, which
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[Yiograms gebond butterflylfish, Chaetodon
Lerfliyfish, C. lineolatus (B.), 2n
bdnding technique. Arrows indi-

oibn (NOR).

3Sd

" lineolatus are shown
ly. Figures 4 and 5 show the
jonventional staining and Ag-
, respectively.

onomy, and those on gene expressi
detection of NORs in (. (ﬂ
has proved to be useful to evaluate theMgect
chromosomal differentiation within the faitw
todontidae. Several Perciformes species and correlare
groups that present a karyotype exclusively composed
by telocentric chromosomes are also characterized by a
single NOR site at interstitial position, close to centro-
mere (Feldberg and Bertollo 1985, Delgado er al. 1994,
Brum 1996, Affonso et al. 2002), including examples
in the family Chaetodontidae. It is suggested that such a
NOR location could represent a basal condition for these
fishes (Affonso et al. 2001, Nagpure et al. 2006).

The asymmetrical karyotypes of (. decussatus and €.
lineolatus, and the one and only type of chromosomes
(telocentric chromosomes) that we found are important
chromosome markers. The idiogram shows a continuous
length gradation of chromosomes. The largest and small-
est chromosomes show size differences (approximately

decussatu: n )0/(// 5y
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