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Standardized karyotype and idiogram of swamp eel (Monopterus albus) by conventional
staining and Ag-NOR banding techniques
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Abstract

The karyotype and idiogram of swamp eel (Monopterus albus) found in Chumphonburi district, Surin Province, belongs
to the family Synbranchidae. It is a local fish species that is of economic importance in Thailand. Ten specimens (5
males and 5 females) were collected. The metaphase chromosomes were directly prepared from the kidney tissues
and were stained using conventional staining and Ag-NOR banding techniques. The results showed that diploid num-
ber (2n) of the M. albus was 24 chromosomes, all of which telocentric chromosomes. The fundamental number (NF)
was 24 in both sexes and the karyotype was composed of 8 large, 14 medium, and 2 small telocentric chromosomes.
This is the first report of polymorphism of NORs in M. albus, with pair 3 (3a3b) that showed one position of a clearly
observable satellite chromosome in both males and females. The karyotype formula for M. albus is as follows: 2n
(24) = L‘8 + Mt14 + S‘2

Keywords: Karyotype, Idiogram, Monopterus albus, Conventional straining, Ag-NOR banding
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UNUI
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Figure 1 Characteristics of the swamp eel
(Monopterus albus).
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Figure 2 Swamp eel (Monopterus albus) breeding parents that have perfect sexual characteristics male
(A) and female (B), arrows indicate sexual characteristics.
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Figure 3 Metaphase chromosome plates and karyotypes of the swamp ell (M. albus) male (A) and female (B),
2n (diploid) = 24 by conventional straining technique (scale bar indicates 5 ym).
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Figure 4 Metaphase chromosome plates and karyotype of the swamp ell (M. albus) male (A) and female (B),
2n (diploid) = 24 by NOR banding techniques. Arrow indicate the respective different heteromorphic secondary
constriction of chromosome pair 3a3b. Scale bars indicates 5 pm.
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Table 1 Mean length of short arm chromosome (Ls), length of long arm chromosome (LI), length total arm
chromosome (LT), relative length (RL), centromeric index (CI) and standard deviation (SD) of RL and

Cl, from 30 metaphase cells of male and female swamp eel (M. albus), 2n=24.

Pair no. Ls LI LT RL*SD CI+SD Size Type
1 0.00 133.59 133.59 0.1164+0.0066 1.0000+0.0000 Large telocentric
2 0.00 116.58 116.58 0.1015%0.0032 1.0000+0.0000 Large telocentric
3* 0.00 110.96 110.96 0.0966+0.0028 1.0000+0.0000 Large telocentric
4 0.00 106.64 106.64 0.0929+0.0035 1.0000+0.0000 Large telocentric
5 0.00 99.71 99.71 0.0868+0.0010 1.0000+0.0000 Medium telocentric
6 0.00 94.96 94.96 0.0827+0.0022 1.0000+0.0000 Medium telocentric
7 0.00 93.51 93.51 0.0815+0.0017 1.0000+0.0000 Medium telocentric
8 0.00 89.28 89.28 0.0778+0.0020 1.0000+0.0000 Medium telocentric
9 0.00 84.10 84.10 0.0733+0.0027 1.0000+0.0000 Medium telocentric
10 0.00 79.09 79.09 0.0689+0.0033 1.0000+0.0000 Medium telocentric
11 0.00 73.50 73.50 0.0640+0.0018 1.0000+0.0000 Medium telocentric
12 0.00 66.15 66.15 0.0576+0.0060 1.0000+0.0000 Small telocentric

Remark * NOR-bearing chromosome 1 position
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Figure 5 Idiogram of the swamp eel (M. albus), 2n=24, by conventional straining technique (A) and
Ag-NOR banding technique (B). Arrow indicates polymorphism of NORs on pairs 3 (3a3b).

dyduaninaasy

nsnsuaslendussddlawnsnmnasgiuaes
Uanlwauw Tasiadoulaslulovaniiioiolalusses
wnwa SaudlasiulondionsdouFLuusITue uay
msdenFuuuuas nuidanmamisruiulasiulay
Swaoud (2n) i 24 wris Wuafiamnlaeuninranue
fswoulastulouiugiun (NF) iy 24 ﬁﬂmwag{ua:
weie waslalniduszneudssiiamnlalmuninama
Tnal 8 wriv BWIANATY 14 Urts LazpwIaLan 2 uns laiwy
anauandgzadlaslulouiwasznitsdanwaguas
wwendle adauuauiuuunasnUdLAInes 1 dunis
luiﬂiiwiﬁnu@;ﬁ 3 (3a3b) ﬁdluLWﬂﬁLLﬂtLWﬂLﬁﬁ CAtvarn!
Jougasuailaind Gt

2n (24)=L" +M' +8S'
8 14 2

naansIndszne

AILUDVD U N UDANUUNNTIVINNARNIH
MIABUWAITG (37.) mauqmﬁu’iﬁ'ﬂmﬁﬁwﬂ‘%ﬂm
anaaautisniaasaanIulidnsgasldldded
“uamauqmﬁmﬁﬁﬁguﬁ%mmamimﬁ*n iensailzend
WWANINSINTADFUNNa A sz TagaUnanl
lun3vinise

LaNd1321999

fuenIand lroge. (2532). Loadwusmaniuszimadounsy
I mveINTana Zephyranthes. MAITINONBAFAS
AMZAINEIAAAT IRINTDINMIINEAE.

TIT AAuATA, UAz FLT WINGU. (2533). MIANI
lasluloauvasdanne danaesans uazlanaana
Awnludszmnelng, lu, nIIEgun19ITINITVE
UWIINIIB N HATAIENT ASIT 28 WRIINLISE
INBATANRAS (4. 459-466).

TIT AOUANA, WAz AToT WINGu. (2539). MIFNIA
laslulonvasUanalunanaisuazniaasiuaan
dWoaunitavadlny. Tu, msszganivizinismes
UAINEIS LN BATAIANT A9 34 WANINESE
\NHATARAS (1. 532-538).

T adled, fiman waszns, uaz AnAnd s,
(2563). mm%mn‘zjﬁwaoﬁuﬁﬂaﬂuﬁwﬁw%g&
m’mﬁaﬁumaaqmusluﬁ'm‘?@q%uﬂg. 9713877 PSRU
Journal of Science and Technology, 5(2), 47-58.

finm waszms, dufign wdiled, 7390 aszae, uas
0734 lnigad. (2564). HAUBIDNWNINEITUE B
maAsuudaimemamnussteiiauazmsiasy
wulavasdanlnawn. 11smsinenmansuazinalulad
UMV INYIRLNAITITAN, 40(4), 364-372.

mogwas 03aLsz 8. (2556). Nl eiansmcuailaind
ga3tan lnam (Monopterus albus) MeADMaLTas
Wigen gasluszauly \AnNA. Thai Journal of Genetics,
(Special Issue 1), 428.

357 unpy. (2551). TIANUIMITURUTUAZNNILNAL
U Uﬁuﬁ:vﬁ asduvastan lnam (Monopterus albus
zuiew) lagldnslianusssumaludenaunde. 1135977
798 W, 13(1), 15-22.

357 3unow, Wty SwinadszEng, iAW
FIENALALD, Loz Fw04 LB, (2547). M3398UAe
wammawzidesla Inauniamse: MIOULIA
UAEMTIALY. TIBUMSIY. AAdTUsEae At
INBATARAT WRIINLIRUVABUTH.

T3zynT gAWA, uaz wiRua WoszipTl. (2552).
wupmaasiaasvaslanszla (Channa micropeltes)
lumaaziusanidoanitavasilsznelng. lu, masegy
ATINTVAINNI TN 1YWY (National graduate
research conference) ﬂ%?‘ﬁ' 12 (1. 1584-1590).

143



144 Nuntiya Maneechot et al.

atud $r¥Eouas, uaz dedsal gwisadan. (2561).
unslondusslodlaunsuanasgiuvasdarnadu
(Betta splendens ‘Veil Tail') a8 3ganFuuuING.
MIA1TINGINFNT ATEIEU, 39, 85-95.

§I770MA VITYLiRY. (2533). msanedesdunisddngm
moﬂszmmazmswmauww:ﬁ'mfﬂm"l,mm. 913817
N33y, 47(6), 491-508.

ORINAA UNUDBNNGY. (2554). WUDMIANTITAS. LTaRUN
ARIINYIR/YVDLLN L.

lvarez, M. C., Cano, J., & Thode, G. (1980). DNA
content and chromosome complement of Chromis
chromis (Pomacentridae, Perciformes). Caryologia,
33, 267-274.

Amemiya, C. T., & Gold, J. R. (1990). Cytogenetic
studies in North American minnows (Cyprinidae):
Chromosomal NOR phenotypes of 12 species, with
comments on cytosystematic relationships among
50 species. Hereditas, 112, 231-247.

Arai, R., & Inoue, M. (1976). Chromosomes of seven
species of Pomacentridae and two species of
Acanthuridae from Japan. Bulletin of the National
Museum of Nature and Science Series A, 2, 73-78.

AVMA. (2020). Guidelines for the euthanasia of animals (2020
edition). American Veterinary Medical Association.

Chen, T. R., & Ebeling, A. W. (1968). Karyological
evidence of female heterogamety in the mosquito
fish, Gambusia affinis. Copeia, 1, 70-75.

Chooseangjaew, S., Tanyaros, S., Maneechot, N., Buasriyot,
P., Getlekha, N., & Tanomtong, A. (2015). Chromosomal
characteristics of the tropical oyster, Crassostrea
belcheri Sowerby, 1871 (Ostreoida, Ostreidae)
by conventional and Ag-NOR banding techniques.
Cytologia, 82(1), 3-8.

Cioffi, M. B., Martins, C., & Bertollo, L. A. C. (2009).
Comparative chromosome mapping of repetitive
sequences: Implications for genomic evolution in
the fish, Hoplias malabaricus. BMC Genetics, 10, 34.

Collins, T. M., Trexler, J. C., Nico, L. G., & Rawlings,
T. A. (2002). Genetic diversity in a morphologically
conservative invasive taxon: Multiple introductions
of swamp eels to the Southeastern United States.
Conservation Biology, 16, 1024-1035.

Denton, T. E. (1973). Fish chromosome methodology.
Charles C. Thomas Publisher.

J Sci Technol MSU

Froese, R., & Pauly, D. (2010). FishBase. World Wide
Web electronic publication. www.fishbase.org.
Getlekha, N., Molina, W. F., Cioffi, M. B., Yano, C. F.,

Maneechot, N., Bertollo, L. A. C., Supiwong, W., &
Tanomtong, A. (2016). Repetitive DNAs highlight
the role of chromosomal fusions in the karyotype
evolution of Dascyllus species (Pomacentridae,

Perciformes). Genetica, 144(2), 203-211.

Getlekha, N., Molina, W. F., Cioffi, M. B., Yano, C. F.,
Maneechot, N., Bertollo, L. A. C., Supiwong, W.,
Tanomtong, A., & Molina, W. F. (2017). Chromosome
mapping of repetitive DNAs in sergeant major fishes
(Abudefdufinae, Pomacentridae): A general view on
the chromosomal conservatism of the genus. Ge-
netica, 144, 567-576.

Guan, R. Z., Zhou, L. H., Cui, G. H., & Feng, X. H. (1996).
Studies on the artificial propagation of Monopterus
albus (Zuiew). Aquaculture Research, 27, 587-596.

Howell, W. M., & Black, D. A. (1980). Controlled
silver-staining of nucleolus organizer regions with
a protective colloidal developer: A 1-step method.
Experientia, 36, 1014-1015.

Inger, R. F., & Kong, C. P. (1962). The fresh-water fishes
of north Borneo. Fieldiana, Zoology 45, 1-286.
Jayaram, K. C. (1981). The freshwater fishes of In-
dia, Pakistan, Bangladesh, Burma and Sri Lanka:

A handbook. Zoological Survey of India.

Khuda-Bukhsh, A. R., & Barat, A. (1987). Chromosomes in
fifteen species of Indian teleosts (Pisces). Caryologia,
40, 131-144.

Kottelat, M. (1998). Fish of Nam Theun and Xe Bangfai
Basins, Laos, with diagnoses of twenty-two species
(Teleostei: Cyprinidae, Baltoridae, Cobitidy, Coiidae
and Odontobutidae). Ichthyological Exploration of
Freshwaters, 1, 1-128.

Levan, A., Fredga, K., & Sandberg, A. A. (1964).
Nomenclature for centromeric position on
chromosome. Hereditas, 52, 201-220.

Maneechot, N., Supiwong, W., Jumrasthanasan, S.,
Siripiyasing, P., Pinthong, K., & Tanomtong,
A. (2014). Chromosomal characteristics of the
royal knifefish, Chitala blanci (Osteoglossiformes,
Notopteridae) by conventional and Ag-NOR staining
techniques. Cytologia, 80(2), 159-166.



Vol 44. No 2, 2 March-April 2025

Maneechot, N., Yano, C. F., Bertollo, L. A. C., Getlekha,
N., Molina, W. F., Ditcharoen, S., Tenjaroenkul, B.,
Supiwong, W., Tanomtong, A., & Cioffi, M. B. (2016).
Genomic organization of repetitive DNAs highlights
chromosomal evolution in the genus Clarias (Clariidae,
Siluriformes). Molecular Cytogenetics, 9, 4.

Molina, W. F., & Galetti, Jr. P. M. (2002). Robertsonian
rearrangements in the reef fish Chromis (Perciformes,
Pomacentridae) involving chromosomes bearing 5S
rRNA genes. Genetics and Molecular Biology, 25,
373-377.

Molina, W. F., & Galetti, Jr. P. M. (2004). Multiple pericentric
inversions and chromosomal divergence in the reef
fishes Stegastes (Perciformes, Pomacentridae).
Genetics and Molecular Biology, 27(4), 543-548.

Muslimatun, A., Nor, S. H. M., Hou, C. H., Siew, |. N., Mhd,
I., Seng, C. P., & Connie, F. K. (2018). Proximate
and mineral compositions of rice field eel Monopterus
albus. International Journal of Engineering & Technology,
7(4.43), 72-77.

Nelson, J. S. (1994). Fishes of the world (3 ed.). John
Wiley & Sons.

Nichols, J. T. (1943). The freshwater fishes of China. Natural
history of Central Asia: Volume IX. The American
Museum of Natural History.

Rishi, K. K., & Singh, J. (1983). Chromosomes of
Notopterus notopterus (Pallas) (Notopteridae:
Clupeiformes). Chromosome Information Service,
34, 9-10.

Rishi, K. K., & Thind, A. D. K. (1994). C-heterochromatin
and NOR-localization in the chromosomes of
Notopterus notopterus (Notopteridae: Clupeiformes:
Osteichthyes). Chromosome Information Service,
57, 20-21.

Standardized karyotype and idiogram of swamp eel (Monopterus albus) by

conventional staining and Ag-NOR banding techniques

Silawong, K., Aoki, S., Supiwong, W., Tanomtong, A.,
Khakhong, S., & Sanoamuang, L. (2012). The first
chromosome characteristics of nucleolar organizer
regions (NORSs) in grey featherback fish, Notopterus
notopterus (Osteoglossiformes, Notopteridae) by
conventional and Ag-NOR straining technique.
Cytologia, 77, 279-285.

Supiwong, W., Jiwyam, W., Sreeputhorn, K., Maneechot,
N., Bertollo, L. A. C., Cioffi, M. B., Getlekha, N.,
& Tanomtong, A. (2017). First report on classical
and molecular cytogenetics of archerfish, Toxotes
chatareus (Perciformes: Toxotidae). Nucleus, 60,
349-359.

Supiwong, W., Pinthong, K., Seetapan, K., Saenjundaeng,
P., Bertollo, L. A. C., Oliveira, E. A., Yano, C. F.,
Liehr, T., Phimphan, S., Tanomtong, A., & Cioffi, M. B.
(2019). Karyotype diversity and evolutionary trends
in the Asian swamp eel Monopterus albus
(Synbranchiformes, Synbranchidae): A case of
chromosomal speciation. BMC Evolutionary Biology,
19, 73.

Talwar, P. K., & Jhingran, A. G. (1992). Inland fishes of
India and adjacent countries (Vol. 2). A.A. Balkema.

Turpin, R., & Lejeune, J. (1965). Les chromosomes
humains. Gauthier-Villars.

Vicari, M. R., Artoni, R. F., & Bertollo, L. A. C. (2005).
Comparative cytogenetics of Hoplias malabaricus
(Pisces, Erythrinidae): A population analysis in
adjacent hydrographic basins. Genetics and
Molecular Biology, 28, 103-110.

145



