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Ansziuaslolnduazduguineves (Channa gachua) 3NBUABLVIAD FINIA
wsysed [oiegslanneduasinaluagneag 40 a1 wisulasluleulaeignimsaints
v = a 5 = 1 ¥ a o
JoUALATI UG ULUUSITUABALLOUFBLUUUDS NANITANEINUINUAIN 19T UIULAS UYL
a 2 1 Ly ] a o dy 1 % gj 14 = 1
Anapeawiniu 76 wns d9wulasulgunugiusiniu 114 naneduazimeades asialiny
Auwanasvadlasiulaumaluvatnaguazinedle waslelndusznaumelasiuleuum,
WUNINVUIALAGY 14 LUS INUGUNITNVUIANG 4 LN FULNIIUNTNVUIATNEY 8 LS FU
WVLUNINTUINNAN 2 WS azlasiguninaunlvg 8 wie oxlATEUNINUUIANGI 2 WS
WA UNSNVUINNGN 36 Y19 LAZWIaRUNSNILIALEN 2 Wi swuialasliulaueSasrune
wasuukvutduUsTnalaemnladissvedasulaudiuiu 2 dunds Yarnedigasuasle

‘,LV]{I ﬁQﬁ 2n (76) = I_m14 + Mm4+ Lsmg + Msmz + I_a8 + Ma2+ Mt36+ Stz
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ABSTRACT

Cytogenetic and morphological analysis of dwarf snakehead (Channa gachua)
were studied from Khao Kho Distric, Phetchabun Province. Kidney cell samples were
taken from ten male and ten female fishes. Mitotic chromosome preparations were
conducted using standard protocol. Conventional staining and Ag-NORs banding
techniques were applied to stain the chromosomes. The results showed that the
diploid chromosome number of C. gachua was 2n = 76 and the fundamental
number (NF) was 114 in both males and females. No heteromorphic sex
chromosomes were found between male and female. Their karyotypes consisted of
14 large metacentric, 4 medium metacentric, 8 large submetacentric, 2 medium
submetacentric, 8 large acrocentric, 2 medium acrocentric, 36 medium telocentric
and 2 small telocentric chromosomes. The present study of NOR-bearing
chromosome as 2 regions, which showed clearly observable NOR. The karyotype

formula is as follows: 2n (76) = L™;4 + MMy + L™ + M, + L% + M%, + M5+ SY

Keywords: Channa gachua, karyotype, chromosome
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2.1 dnwazneduguInevasdlaideu

Jansduadeudabudainszgnufs $u (cass) Uanszgnuda (Actinopterygi) Tuges
(subclass) Neopterygii §usiU (order) Perciformes susutiay (suborder) Channoidei Wag19A
Uantou (Nelson, 2006) Ualursdiiiuvanindediidnuasdriendugunsanssvonluneu
i waziuut1sluneuring dluuunszgnuinsslng (mandible) nszgnlaes (vomer) wag
nszgninAILUN (palatine) naggnAgunsesauiuiiduau 5 A usuwden (gill membrane)
Feusefunenen Jeteztiewmela (accessory respiratory organ) A3undsinewdenliideuse
Auesums wazlififuesunds @udedmansunieinyuldas nszmnzangnineuvinglinus
pantlu 2 909 Tl Y 1-2 §u (AnzmelulafUsyusiasnsnensdasin uvinendoudls,
1.U.4.) dwidudanluana (genus) Channa Tdnwairduiirsannuananadufe fddeadugy
nsanszveniuneuni duesnan Wilnguazuuuanuuaan dununszgnadiendnueindng
.ndng avsesunduy] Unnflawialug yuinenasifureuniiniuesni aogsdudtsdvune
Yrunanmesulymesuieussdiuia lawnsaueadiulaannmeinuans Suilunaeudemn
¥nsslnsanenniinssinsuudntes fiufinszgnuinsslng waziwauuin dealamien
e wiundsnqunsyisududonsoruaenen fefeztiemeleeglusUveusiunszgniiunain
oglushunmisesinamilowion alundseniyaBudunsaiuaiuen laiffuaiuuda fifuesy
goufiunnuans 29-55 Ay AsufueisuuiunsUseu 21-36 fu Teasunduasasufuld
Fousatuasums ATumenay wnanflvundn wuulenases (cycloid) wiefiuasd (ctenoid)
ndnuuifivuelvgninuudis dudheilds anseduasudnanndadl 37-110 (il 1) Ju
UanAuille mﬁaasﬂuﬁﬁ@ﬁﬁauﬁwﬁa (Counternay and Williams, 2004)

Hagtuilanivariidneglusduantourianun 29 ¥iin 2 ana (Counternay and Williams,
2004; Nelson, 2006) Av @na Parachanna 3 489 lown P. africana (Steindachner, 1879), P.
insignis (Sauvage, 1884) wae P. obscura (Gunther, 1861) @na Channa 26 ¥iia Laun C
amphibeus (McClelland, 1845), C. argus (Cantor, 1842), C. asiatica (Linnaeus, 1758), C.
aurantimaculata, C. bankanensis (Bleeker, 1852), C. baramensis (Steindachner, 1901), C.

barca (Hamilton, 1822), C. bleheri Vierke, 1991, C. burmanica Chaudhuri, 1916, C

cyanospilos (Bleeker, 1853), C. gachua (Hamilton, 1822), C. harcourtbutleri (Annandale,


http://en.wikipedia.org/w/index.php?title=Parachanna_insignis&action=edit
http://en.wikipedia.org/w/index.php?title=Parachanna_insignis&action=edit
http://en.wikipedia.org/wiki/Theodore_Edward_Cantor
http://en.wikipedia.org/wiki/Carolus_Linnaeus
http://en.wikipedia.org/wiki/Pieter_Bleeker
http://en.wikipedia.org/wiki/Francis_Buchanan-Hamilton
http://en.wikipedia.org/wiki/Pieter_Bleeker

1918), C. lucius (Cuvier, 1831), C. maculata (Lacépede, 1801), C. marulioides (Bleeker,
1851), C. marulius (Hamilton, 1822), C. melanoptera (Bleeker, 1855), C. melasoma (Bleeker,
1851), C. micropeltes (Cuvier, 1831), C. nox Zhang, Musikasinthorn & Watanabe, 2002, C.
orientalis Bloch & Schneider, 1801, C. panaw Musikasinthorn, 1998, C. pleurophthalmus
(Bleeker, 1851), C. punctata (Bloch, 1793), C. stewartii (Playfair, 1867) wag C. striata (Bloch,
1793)

Flattened Dorsal fin starting Dorsal fin longer
head with above pectoral fin than anal fin

large eyes i
Large mouth

with teeth and ———p

strong jaws. 4 Long dorsal
' ‘% : and anal fins
Top and sides
of head covered Soft fin rays
with scales in all fins

Al 2.1 Snvaynadusingvesaanalanteu
Uanluanavandeu [Wulanfifisusnmsanszuen 387 811 drusfinuy fuv uay
fudsveamiunagumendn Tluswialug wesfiunsuuwduse asundiuazesy
#o9817 AITudutesaTuImTsTURIEITesATUen AuaTuimuailuaiusou

(Counternay and Williams, 2004)

2.2 dnwaznily wazaynsuisuvaslansduandeuludssmalne

Usginalneiivarisdiaideu egviavun 1ana way 7 vila (vidn Ingauui, 2548;
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Counternay and Williams, 2004) f4u
2.2.1  Uanweu (Channa striata)
I3 PRy 'y} 1 v 1 a =1 ¥
WulaNudIumiAaugngle U192 UNYT1 ASURINLIBIUaIEIU U1nning
AMelUUNINULILIVUINAIY BIRIEAEIDNLLNDNNIBUINNEDDU UANULAUNLIIFAAINAD AT
A9 6-7 LAY AUNBIAINAANUAIUUYE ASUFASILYRUAMADIIDU ASUNBIIN JUUIRAIR1

Uszannd 30-40 WwuRWnT vuetngjanfe 1uns (3380 Ineuusi, 2548)


http://en.wikipedia.org/wiki/Georges_Cuvier
http://en.wikipedia.org/wiki/Bernard_Germain_%C3%89tienne_de_la_Ville%2C_Comte_de_Lac%C3%A9p%C3%A8de
http://en.wikipedia.org/wiki/Pieter_Bleeker
http://en.wikipedia.org/wiki/Pieter_Bleeker
http://en.wikipedia.org/wiki/Pieter_Bleeker
http://en.wikipedia.org/wiki/Georges_Cuvier
http://en.wikipedia.org/w/index.php?title=Channa_orientalis&action=edit
http://en.wikipedia.org/w/index.php?title=Channa_orientalis&action=edit
http://en.wikipedia.org/wiki/Marcus_Elieser_Bloch
http://en.wikipedia.org/wiki/Pieter_Bleeker
http://en.wikipedia.org/wiki/Marcus_Elieser_Bloch
http://en.wikipedia.org/wiki/Marcus_Elieser_Bloch

222  Uanwela (C. micropeltes)
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T{IG]LUTAU&’W]QJ%U’]G]IMZQV]’Q@IU’NFM ApvUAlAANTIENING 1 WA 938 1.5 WAS win

[ 1%
v a o IS

= a % = 1 o o 1 v = o = a o o.'/ o
91 20 Alansu dgUsiddiAeutnanend NuafddImaeule) dateuse @nseaneie
aelulndfunvauey Wedudulatvuisdnaziidandndugdiinia wasinoudsi du way
WARDINIAAIUAMULIIAN 2 AU USLIUMNALAIER Wasulnduuidnazangazisuananiell

naneidudideieunmandedvesifonviesuuats (¥adn Ineuuv, 2548)

223 Uanzas (C lucius)
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225  Uageuguin (C. marulius)

a o

o o 1 v o < ] | A A Ao o a
AWULAINIADUVIINANYY NIUVUIALANNIUAVDUTUADU 4 ﬁmmf\]mﬂa&lulﬂ

Y

[ 1% ad o o @ - 1 - = A A o <
AUIYLAZANINLINADN UNANUAINIIZLUUFAAILTU UINALNNLYT VIR LiJE)EJ\‘IL‘lJUQﬂUa’]
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Y

(Y A

Lunaving Teviasdans ddauving ATUNEY M9 karATUYIDIREIIRRERENLME DUKIIININTEANY

98117 YAlANTIUITZIA 40-90 wuRuns H5UsiaserenindiiUarteusiindu o (¥ian e

YU, 2548)

226  Uadeudman (C. marulioides)
fanwarameUadeugi uwidwidudeundt dddlisiseu wazllanedvtomas
duaduiuusudan esuligaUszAivaesan viesdans vunaladuiianuenuszanm 90 lwuRuns

Tuuszwalngnuewiznaldvintdu (nan Ineruuy, 2548)
227 Uanveuns (C. melasoma)
anwagAd1eUatou waliiusunanusiianng (gular region) ddnsuuudud
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WNRTINA1N ANENIEEIRe 35 wuRues Tudssmelnenuanzuiunlmilfzuns Smin

1451577@ (Counternay and Williams, 2004)

2.3 mswnsgulasiuloy
nsfinwlasluleuivensiaaeuinuig warsuiwedasiuleuiivaleds wiagisasidionien
aRIvezva (metaphase) Wosnnidusseeiilasiulouneadunnnfiaaiugusdladaau

Tunsiiuineagadlussoziunia 1aldanslaad@u (colchicine) Fuluasatnainfivana

saa

Colchicum unlgiiiaduginisasnsaelealulfa (spindle fiber) inlviwadniinasuusdalal

Y aa [ A

anansadngszevkaunia (anaphase) la 3anmswseulasluleuuudlaidy 2 35 Ao 5lngnss

A 6" o w A

(direct chromosome preparation) LJuisidentowadlusiesn1eAnideiinisuiedui@ne
Tastulow LﬁUL%aéﬁﬁﬂéauuazé’aﬁmauﬂaﬁaag}'mamnm WU L%aéLﬁmﬁammﬂlﬁumg@ﬂ (bone

a

A ad & ad Y . . . a ] a a
marrow) 8n3% Ae 15lAedex (indirect chromosome preparation) ALdoNIEaa WS INLYTAN

AN1150UUNNILLRSS I UD I SLALNIARN18UBNT19NY (N vitro) TMeadlinswuai s alaans
N3EAUNTHUNLAS
& ¢ o vy & P & o v

nsinzidsaeaadiuulaidu 2 wuu wuuiniadunisinigideaugadldinaiuu (long
term culture) WuN1UMEaEI19018 18U wadRIT Uoa fU wadNtiuiwizidssaziianiy
waalnlusuanan (fibroblast) Masquuawaduinuie wuufaes Wun1siwigidoawadld
SyezIaaU (short term culture) lawA n1swnzidsaeadidnadana1a (ymphocyte) lagiin
a aa & & A = o fa 1A W ') Py v ¢ o
\fon (whole blood) Milwasiliadearnduluwadnuivsengauusiiualnseauligadnay
gigdnsmiswuawad (cell cycle) wuululnda (mitosis) Tud a.A. 1949-1955 Osgood leminiun
wedamzideugaddadenynlaefvaisnsyfunisuiagad As phytohemagglutinin (PHA)
[ . . . . ' PN ° v -] ~ a |
Wuansuszan mitotic stimulating agent YetutlertnlilwasilalaanunaingAnsunIshus
wadkuulilndale szozianly n1swnzideaesad 3 Ju aglawadiunauiniiesne by

v

nsanw Fuduten lanasias wmalianisinde ldaeeiilawiniu Ande wazAldanetes

[
v 6 = A

wana1n PHA AlElaRiudad Aullowd deunfinisAununazldansnseiunisutaeadiiuyudn

naneyia 19U pokeweed (PW) uae concanavalin A (Con A) N@11130058AUN1TUUIAIVDY

A 1

waaladen1uind (B-lymphocyte) Tad wavimnzandudnifuiivuinnia uanisanuily
vauzdudaiviuulasiulaulalunuusunienaslalyans hypotonic solution TfuLgaaY I8N
Igadnasfiauiniy In1snseanediveddasiulend Mlvn1snsatduiinuiukassusedaau

a

g99U (U1 AUATIUUN, 2546)



2.4 nsfaudlaslulay

mandeulasTulelnensineiasaradidndenn HuRsivaduasvenwadasuudlas
vhmsteudlanidonismuingUszasduonisfinm (Halnan, 1989) fail

2.4.1  msfendlasluleunuusssun

=

aldaddeuinnlusiudalau (histone) vulastuley Inedfidouldlaud oosdu
(orcein) A15iU (carmine) wazduen (Giemsa’s) nlaslulouazAndnasnuyiaunsauanduIu
wazvinveddaslulonUsziraadidingu q 18 uaversvendnvaruegredasiuley 1wy see
AaAfnils (primary constriction) s8eABATi@0d (secondary constrictoin) wag waninalay
(satellite)

2.4.2  M5dauuaudELUUAT (Q-banding)

AsigenlaslulunliAsuauiin uazairadutae q naoanuenuidasiuleuld
nelandesganssmingeaisaiwun (fluorescence microscope) lagldddauviin Quinacrine
mustard vilwanunsadunauuanavedlasilaunnuidle

2.43  N99ULAUALULT (C- banding)

Wuwmadafdilduavdduviinailasluleuuadifuwiy (constitutive
heterochromatin) ﬁﬂmaa\lﬁ}alﬂuﬁﬂﬁu waﬁ%‘;ﬂﬁ’umm (highly repetitive DNA sequence) R
1#un Usnaueuinades (centromere) vaufiounn 4 Taslulen uenanddmuiivsnaumlades
(telomere) waslATiulaguUNLYINDNAY

2.4.4  n159puLaUELULA (G-banding)
wmadeimidsnildiswaulngldaseiifiannsadeslusiuiiiuesdlsznavres
TasTulen ansiafififenld Ao wuledn3udu (trypsin) udi3edeuseddudanuund weviliiae
wovdlduaduivanaiesnanautanseiulusdaruinavuuisdesTulsudunadaidesi
fusnndign wselumadeivhliig dnuurveaauiiaun
2.4.5  nsdeauuauduuuens (R-banding)

WumadaAaka UL LazaaduuuLAgIRULOUALUUAY WashOURLUUR L

' [
a a

LOUFNLNATUILATITUAUBOUFLUUA? WAZLAUFLUUI AD kaUNRAZIUIULAUELUURY WazwaU

a a

= = a [
AuuvIzAndanaunulunavduuvens

246 NSYDULDUALUUUDS

a A v

Wuwmadlanvinldau nucleolar organizer regions (NORs) Andtdy Taan1sldy

a15azatedalieslunsn (silver nitrate) ludndfinsegndunddiuiddudmivdansiey

[y

ribosomal RNA iia 18s war 28s 8¢ Uisen1sdeumedaiesagdnmiziumumiil 1lesain



UShasinaninsuanseenveduduegiaun warusnauasiiusiudussuszneudilily
TUsiugalauinnnitusnaduvedasiuley TWsiunaiseildinuaudiisimsidesanagld
32 (reduce) Faneslugulessin (ionic) vilvidanefiuasuludd dmumisusddnilvgazny
vuUsnmsesneail 2 ilvwaudniivasdunsuuizndn 9 tnslulsuiiflsesnoniiaotiondy
wemnalasilasluley (satellite chromosome %38 SAT-chromosome) @914 8ulaslulay
\3oavang (marker chromosome) I

247  msfexduulasiulsusomaiangesisauddudyleuslawiy (luorescence in
situ hybridization %38 FISH)

wadla FISH ddumeadeiivhlfinnisdnguioleuslag (hybridize) sgninslngy

(probe) uay Aduertmng (target DNA) Fsagmelulaslulen Insuiltindufidue nieens
.5u1a (DNA probe w38 RNA probe) F9finaain (label) #a8@151303ua9 (fluorocein 3o
fluorophore) fivaned n1snsiadeuIbiiuEaIvduuwilasulsuiigmilounsssuned
vulashilen Sedeusonmatia FISH Sneehawilein “chromosome painting”
nsdeuuaudlaslulenuuuding q diuselevddnslunisduglasiulsudmiiou (homologous

6

chromosome) ¥18a339gULNdNwaludlATluleN AuRnUNFveslasluley NafnTsuves

'
a

laslulay wazgaslun1sduunddidinlagndesdedu nisiSeuiteuniaiugaansiuad

Y
(%

(comparative cytogenetics) §ndudayaiugiuiiaunsatigosuredTuuinisvedelidinl

e

(Rooney, 2001; 8151 ANATIUUN, 2546)

2.5 msfnnugAansiwadvaslallulsduaidou

Nyyar (1966) sngaulasiulouveandiuardeu 3 vlia Ao Uadeugivn Yardeu wazan
Wou C. punctata 1nUszwmadulie lasdnwanwadadsuuilnlniey (spermatogonium)
wadaUsuunlnledszosinds (primary spermatocyte) wazisadailsuunlnledssosiians
(secondary spermatocyte) WU Ua1deugiin wazuandeu Hdnulaslulauinases wiriu 40
uis Usgnoushe Tastuleuvunalng) (macrochromosome) Afigus1aidulumimundn 10 uvis
waglaslulanauialan (microchromosome) 30 Wits @1 C punctata S31urulasiuleum
wapedvinfy 32 wis WWurlaumieunsn 16 uwis Uardewsts 3 wdadisnoulasTuleuiiugiu
WY A9 50

Manna and Prasad (1973) @nwilaslulenveslainng wuindilasluleufnassavindu 78
Srunulestaleuiiug ity 102 Ussneudesdaumnieurin 12 uis Suamigundn 12 uvis

L1lASIUNIA 4 LY LAaZIlaUNSn 50 Wid



Sharma and Agarwal (1981) Anwlaslulenvesvainne wuinillasiuleuanasuawindu 78
Srusulastulguiugusiiu 104 Usenousievidammiaunsn 10 wis SumLeuy3n 8 uvis
DlATIUUNIN 8 LY Laztnlalsunsn 52 Wi

Banerjee et al (1988) Anwiduiulasiulen vuinvedlul Usunandueluiegea (An
C-value) wagdimuinisvesvansddardou lnefnwilulan 3 ¥ia Ao C punctata Uateu
wazlarnsanlszswmadulie wuiilan C punctata S31urulasiules Anaouayindy 32 Wi
Usgnaudesdiaumisunin 24 us wazduimigundn 8 wis Srunulaslalsuiiugiusiiy
64 A1 C-value WU 0.66 ANNTU %150 6.4x10° ALuasiaiad Uaeulidiulaslulaufnases
WINAU 40 Ui USENaUAETRALUNIGUYSA 8 WIS FULLIVGUNISA 2 WY FUNTalounsn 2 Wy
wlasunin 28 uvis Sruanlaslulaufiugiuiidy 64 @1 Cvalue wirdy 073 Alnndu wie
7.08x10° gianiaigas Uarinslidnuulasluleufnaoedviniu 78 wis Ussnausgsilawmigun
30 16 wis SusmewEn 10 Wit wazwilaiwuyn 52 wis Swalaslilsaiiugiuviniy 104 @
C-value wiriu 0.978 Wlnn$u vi3e 9.4x10° dLuasiotas

570 AOUANA WardllEs Uneu (2534) s1eunsanwlasiulenveslaideu Yardougii
Uanwgle Yanzas wazuainig Tludssinalne wuin dlasluleuanasyn (diploid chromosome
number, 2n) y1AU 44, 44, 44, 48 way 112 w9 aﬁ’wmuiﬂﬂuiwﬁugm (fundamental
number) WinAU 48, 46, 48, 52 war 116 auaeu waslelnivesuaveaudsenausmielasiulay
FUAUNNLUNTN (Metacentric) 2 W FUNNUTUNSA (submetacentric) 2 wits Fuinlalwunsn
(subtelocentric) 2 uis Laginlawunsn (telocentric) 38 wns Uanweladilaslulouyiaduimniig
UNIN 2 NS wagwlawunsn 44 uis vannzasdiumslolndusenaumelasialeuiunieunsn 2
WS FULLNNGUNTN 2 WIS FULNTALGUNTA 2 W19 hazinlatgunsn 42 w9 wagdainig
USENUMIBUNLIUISN 4 WS FULAUYSA 2 Wit Lagtlawunsn 106 W

Chavananikul et al. (1993) AnwlaslulsuveaUaingas 91NATSANELALTARINEIUMNS
nuUangadisuulaslulouinassmvindu 88 wrie Wustiawmieunsn 2 wrie wavezlasis
UN3A (acrocentric) 86 Wi

Wu et al. (1994) s1891uiaslolndvestantou wazUaivela 3nUsEneIu nudn 319U
Taslalgnananenwinnu 44 uiayindy waslelndaneiu Ae Yardeu Usyneualelasiulowwmm
WUNSA 4 LN FULNNIUNTA 2 WS Fumlasunsn 16 Wi waglawunsn 22 wvis 91u9u
TasTulesitugiuwinfu 50 dautaneelauaslolnduseneudevdaumisunin 2 uvs uazeia

wilalwun3n 42 unis Iuulestulauiugiuiniu 46
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Sahoo et al. (1997) Anwin158ouuaudLUy replication Lazuavuduuuues woslan C
punctata WudulasiuleuAnNaeawinaU 32 Wi Usznaumelaslulsuimiguian 20 Wi
WAZFUINIIUNTA 12 WY M98 19UamMTeINNA0e18 Milaniuaudves replication banding

fa

lnelaslulondi 3 uar 14 wulnsillgsindarauarlasiuloudil 10 MNUEIUIUTNNUARAFDNS

Tashilwwiadumiwuningfilvgfianiuesegiuaus Indlwulnaifles vunvosussiini
wanseiusyrIalasiuluuemilou

Magtoon et al. (2006) Anwlaslulsuveslargoutinals Yarteunisaan (C asiatica)
NnUsEwAlng nanisAnwinuinlatteut vaidllasiulenfnassnyindu 38 unis Usznaume
FUALNUTUNTA 2 WIS FULUNUDUNTA 2 U8 FUTADUNTA 2 WIS Lazginlalsunsn 32 wis
$ruaulastuleufiugruindu 42 vanteuntsnenidlasluloy  Anassdivindy 44 wis
USZNaUMBETUANUTIUNTA 4 LS FULINUIUNTA 4 WY Lazezlasisunsn 36 e 31U
Tasllwafugiuwiniu 52

Ruma et al. (2006) AnwuaslolndvesUan C punctata waz C orientalis lagn13douwuy
5551A1 wazdaunaud CMA uaz DAPI wuin C punctata Hlastuloudnassalyinnyu 32 Wi
UszNoumIuTdauymIgunsn 24 wis FULINIGUNIA 2 WS Laginlatwunin 6 g d@iu C
orientalis AlATIUlEUANGDYAYINAU 78 Uie UTEnaUumMeTiaANYIGUnIn 34 Ws UL
wnsn 2 uwie wazwlawwuisn 42 uvs C orientalis flaslulensdawlawuninunnii faty C
orientalis 3afinwaizfifmiinga C punctata 3nN15MTI@OULAUE CMA positive band
Wiy 7 wou Tutanwdledl was 12 wau Tu C orientalis Sawavduulasiulanves C punctata il
yualngjnin #519WU DAPI negative band Wiy 7 wau nssduviafedfufufiusng CMA
positive band @u C. orientalis U31n4) DAPI positive band 31171 20 uaU Wag DAPI negative
band WU 7 oy assiwiaRendufuiiusing CMA positive band

Kumar et al. (2013) Anwilaslulguwaivainig wuindlasiulsuinaseainfiu 52 91uu
TasTulenfiugiuwindu 74 Ussneumeulammisundn 12 us fulmisunsn 10 uwis exlas
WUNIN 14 WS daztvlawunsn 16 Wi

Cioffi et al. (2015) Anwlaslulanvsslainie wundllaslulguAnanuavindu 52 91U
TasTalouiuguwintu 74 Usznoudnevdaumiaunsn 12 wis Summieunsn 10 wis ozlas

LHUNSN 14 Y19 WAZLLALIUNSA 16 bhi1d



uni 3

AANHUIUIWY

3.1 NSNUAIEE1
2 o ' % ° DY) ¢ o 1 a v 1
3.1.1  ufmegrsdarmendinawide Jamdnmeysysel Megradariivinlaasgnuus
sandu 2 ngu Ao fegdmsunsivdeuendnuaiual uazfmedidmsunieulasiulay
3.1.2 dhegrsladiiuldudesiviesujufinisainndnndninen ansiveimansias
walulad umInendesdgnsysal lgideddugidesuanzunn 60x120x50 gnUIARIUALLAT
AlViweenTiaunaenIa

3.1.3 ddegrelatninsivdeunasseysialagldionansvesuidn Ineruuy (2548),

Nelson (1994) wag Rainboth (1996) a1an n@iag1auan

3.2 nswsgulasiulay

wsuUlneITN19m5e (direct method) a¥eneld Aatlawdele asanniuatareiiinisuua

'
a

waanaeAlIaT 1astn3auaNTuAIEETIN (in vivo) MuAsN15u83 Supiwong et al. (2009); Cioffi
et al. (2015) fall AAlAATTUANULUTU 0.05% U9 1 Jaddns Aoumtnaa 100 A5y wrldlu
Y & . L. . vy ) v ° |
naakile (intramusculary injection) ¥psUanyiald 1 Falus @auvatlaglduinds diamzdiuves
Tosndmdududn o Tuamumwz@eruindn Tneduansavarglnunadeunasls Wudu 0.075 T

1

a13 (KCL 0.075 M) duauaziden ﬁ]’mﬁu@mmzﬂauLszjaésuu'lmﬁﬂaﬂuwaamﬁuL‘vﬁmsuu’m 15

a a I

fiaddns Uufloamgiiiendunan 30 wiit dluduuiesd 1,500 seuseundiilunan 10 w1l ga

9

v '
a

AUlUAUUUNY RUUIRSIAN N (fixative) NUETUNANYDWUNIUDA 3 @IUABNTABLTAN 1 dIU
(methanol: acetic acid; 3:1) Mwsedlndwazidudn thansazarelutlui 1,500 seudeundiduiian
10 Wil gadlatauunaiuieesanmaddy 7 Iadans JumieAnusITaULazIA LAY

o 5 A v v < = vl ~
P UN DA NAENDUDRR WAFL DN MNUANSNDUAR IUENTATANERS AT 20 aefIwaed

3.3 nswseualanlasiuley wazn1sdaudlasiulay
wisvaltantaslulsulaeuinsnauwadneseulindrunneauualaninasenn 2-3 vea lag
MeANNINELas 2 ufues Uaseliwialuannid niswseualanazmseuainsiagnalalsiay

5 d@lan n15daudlasiulay InemAdANISEaULUUSITUALALN1TIDUWAUARUIUUDS
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3.3.1  N15H0ULUUSTINAN
SOURLUUTTIUANALTaUAIBEIULIAIUINTY 10% Tunasuumes (Gurr’s buffer)
oH 6.8 \uian 30 unil wés dredlasdetinduldazenn Adiuse thlunsiedeunielinges
ganssetwuulduaanasens 10X uag aienmmenIasuene 100X
3.3.2  nsfeuuauduuuues
FAuUasa1n33n1s Howell and Black (1980) sl aualasit 60 serwalfoa ogns
198 11U MuaTalasluAITNANULTNTU 50% (50% AgNO;) asuudlan 4 nen LazruALlIaaIf
UAUTUTU 2% 71U 2 nenasvudlan UnnlensyanUnalan LLé”;ﬁﬂLﬁé’hé’aUﬁ 60 897"
walua Wunan 10 Wit Srefaneslumsvduiusendistiinduy fealadlsiuse ¥ilunsiadey

meldndesganssminuulduasindavens 10X wag aenmmeiigeees 100X

3.4 nmInsadaulasluley N15iaueslalnl wazns9ndRlowNIUNINTFIY
nsnsvdeulasiuley dnviwaslelvd wavdalownsuunnsgiu daulasanisnisves
Turpin and Lejeune (1965)
3.4.1  msasaaaulasiulay
Bonwadiilaslulsuszoziumiansyaedadlidouiuiy thundenimlaslule
Tnglfiaudingindsvene 100X lnsldyadienmitderundosganssel vielindesddnea iite
avratiuduaulashilsuanamaielasialey §1uau 100 wad anudvesduaulaslulauiing
wnign wdudmesiunulesluleuAnaosduesddidintu 4 antuiuglasluloufimiloudtu
(homologous chromosome) wazAnwilastulaulnenisniAiniue v skvulaslulengae
(long arm; LU Annaenavesuaulaslaleudedy (short arm: Ls) LagfIuiamiA1Le1Ives
Taslulouumagung (total length; LT, LT = LU + Ls) A1uauA1 relative length (RL) uay
centromeric index () teszyriinvedlasiulen uazthenfildluliseneulunsdaviuailelnd
wardalounsy
3.42 msiaviuaslalnd
Togudedlalunsiuglastlesfimiioutu Tnonsimuaduninsulngdlesves
laslulouudazuidluwad JnA1ausnveswvulasiulendisen Arnuevedwvulastulay
19y thenfildinfuamanusnvedasiilsuutazus SaiFeauaslolnd TH3smuaiy
g1avedlasiulynudazaanunlumies sniulaslulauneazinaduganyeyuaadiaiaue
sosvenmneavvasteslulsuusiazaduan MausdlesTalsalfurudrsdusgfuu wautheen

PEYAUAN
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JuUnUNISINYIWASTa N

(%
[y a

1. 1donwadluszezuniwa Allvuinvealasiulaulueinssduiuld dn1snszaienal

o
Saa a (% 1

Fouviuiu uaztfudulastulesldasuvinfudwoulaslulesvesddiTinvinty enmeadi
Wonhilngldiaudingidaveny 100X Henu1dndwau 20 wwas

2. lisudenldlunsduglaslulenfiniloudu lnsnsimusdumisveasulnsifiofued
Tnslaleuusazwisluiwad nduindeiuenivesuulasiuloadien Aanuenvesuoy
TasTulgudnedu dandldunduamenusnvedaslulouusazus nsiadiaueves
lasluleuenvazldisnmsdnlasiuleueenunanguaenasuria mruavingiaulilaslulaunnui
feunsta Wotnenusiasudisdudlaslulendiiamuennvosnauusiazdns uazarueiis
wislndlAesiunnilan

3. MsAUIMMAT relative length (RL) Awanilaaingnsnadl

A1 relative length (RL) = ANevedlasiulyssazwyie (LT)

AugTIviaviavaslastulauy e (L)

nsldan RL danunsatielunisduelasiuleulauuuauniinisldrmaiuenivedasiulay e
A1 RL vadlaslulauudazuisazainlunn 9 wad diurnnuenivedasiulauzuanaeiululy

adLAaLAd

4. MIAMUIUNIAT centromeric index (Cl) AuInilaNgATeeil

A centromeric index (Cl) = A8V IULAS I N9 (L)

Anuenvedlasliulauusasuis (LT)
Al CI Alehanszyviinvaddastulay Ingldinae fail
A" Cl 8gsening 0.500-0.599 dandulastulenvfinmuniauysn
A" Cl agsening 0.600-0.699 dandulastulauviindumniausn
A1 Cl 9g35211319 0.700-0.899 Inilulaslulenviinoslasiwumsn

A" Cl 8gsening 0.900-1.000 dandulastulenvtinmlawuysn
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5. AsnnuavuInvadlasiuley wisvuinvsdlasiuleueanidu 3 vuia laesivuali

'
1al

laslulaugnenigndulasiulongi 1 waslaslulvugidunandulasiuleuganiine

Y

Taslulanvuinlng (large=L) Ao Taslulaunianue1uInniAIniaresNauIn
rnueTiadevedlastuleulngjan sudulasiuleugianiian

feu L > LT 1adeeil 1 + LT lnfeegaing

Y

laslulguvuianans (medium=M) Ae lasluleuiiliriainuenitesniiniavil
a 1 LY =
vasrugMedgvedlasiuluulvgan suiulaslulauaidniiagn

falu M < LT 1adedhn 1 + LT lndegannie

2

Taslulauvuiadn (small=S) town TaslulaunilninuetesnInAsIniawas
AugIRGevastasulaualvaan
AU S < LT 1degi 1

2

6. Inssauasialnd Wiseenuaiuevedasiulauudazdanuinlunitdes unviy
Tasluleumaazanaduganineyuansdie fosuanvuieiarvodlasluleuusias gaIuaa19uis
lastulgulvibvudnaduagiiuuy wuudienegaiuans wasdeunawislasiuloulvduniaau

nsllysmnsanu

3.5 N15YINBALBKNTUNINTFIY

3alownsu Ao loevunsunansuailolndvedlasiulay 1 yausnansd FeUsznaude
TasTalensrame wazlasluloume Tnelideyariadernuenvestasluley sus1svestasiuloy
wagsuiarulngdes aalaunsunnmaiianisdeudlasiulauwuusssumldiwadsseziuniia
yilpay 20 waa Yndaueslelnd udrinanuenveawvulasiulendieey uasusulashiloudng
Fuvedlaslilauyngsnenefiles (vemier davhainadaleunsudeasufinmes laon1si
Anadsanusvestasluleuudazduiaiiansnlagldlusunsa Microsoft Excel XP/2003 15

wnuea (V) Wuanuenveddastulauudaze wazwnuueu (X) Wudduvedlasiuleugiilngian
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1 v

lumananiian enviulasiuleumadaduagavine waiduiusuguinvedasiulaulaely

Y 9

TUstnTu Microsoft Word XP/2003 %38 Microsoft Powerpoint XP/2003

3.6 M3AN¥IMIFUFIUINGD
AsTuNsaUaT aundnves Taylor (1962, 1963, 1965) 5N 15indndiuvesUal wagns

=

WUTWINVINUASUA 9 fauwdasarnunilade U]y

a

AN9397 AUINYT VIR USTUS UASY

(%
a

inwasmans snwsgetldilinnuvanesisiolud
D; Dorsal fin = ASUNAY

A; Anal fin = ASUNY

P; Pectoral fin = ﬂ%Uﬂg

V; Ventral fin = ASUY184

C; Caudal fin = ATUMNS

SL; Standard length = AugMIUaegavedszsesndisUateanvesnsean hypurals

HL; Head length = avueUameanvesazssgUnlufsweumuiiegarasununseanUamion
Body depth = SzxiaInaInveusuULTIE U INgAE R ueIAT UM sas T uag
Body length = A3UETIVBIAININVDUATUTINYARVBIMNUNTEANUALWTBNTIINING

Caudal-fin length= AugATumalaginainUanganvenszan hypurals feUanganvesnsy
gR

Caudal-peduncle depth = 33azé'?qmﬂmaué’wuuuqﬂﬁuamam‘mqaqmﬁwauéﬁua'wuamammq
PTIUTRUELTLAUTGR

Eye diameter = t@usugudnansseningm

Post-orbital length = A1UE1IAINVBUMUNRIVBIMTIUAEAAYBILLUNTEANTUAWTEN

Snout length = AMHEIINUAEEATDIBYUINETIVBUAUNTINIVBINN

Total length = AME191INUANEEATDILIREUINDIUAEFAVBIATUNIY

@l 1, 11, Nl.etc ) = Suauinuasunds

@Ye150A (1, 2,3 ..etc) = FMUIUNUATUDDY
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NAN157¢

nsAnyiugeansiwadvesUanindluasal loldfmegrslardoudnuiu 40 63 anumaatily
Wungnnewfe Jarinmesysal nswseulasluleuandamakuunins deudlasluleuuuy

5IIUALASLOUARUUUDS taNanNISANYT A9l

4.1 Iulasiulaudnassd wazdnuulasluloanugiy
1NNTHUTINIUIN 100 wn e wundunulasiuleuinasgiviniu 76 wis (15199
4.1) wagduulasluleuiugiuwindy 114 nanaguasinade waglinuauwnnsinsvesdnuue

laslulousyninanegiasineile

4.2 vsuauazvurnvadlasiulan

UaniaillasTulsuasuii 4 vila Téun vlammeunsn fummeunin ozlaswunsn ua
wlawunsn dasluley 3 vwn Ao laslulsuvuiaive) 30 Wis AUIANATS 44 WY LazaUIALaN
2 s Taslulsuauinlugnulasiulousdalunigunsn Sunigunsntagazlasaunsn
Taslulgnauinnansnulaslulonsdaueunsn Sumnieunsn sglasiwunsniazinlawunsn

waruAlaNNUanrYamlawunsnwintu (ﬂ']‘Wﬁ 4.1 wag 4.2)

4.3 TaslulwaeSosviang

Taslulouedosune fe lasluloufiddnvazianizasnsaswunladite waznsranulaly
anavideviavesdei@inty 4 suilesTuleuiiddnuasfivey 1y dsesaeniiaes (secondary
constriction) & satellite %38 knob n1sAnwASsilansranulasTulyupIosnunevesaring
el

nnsfendlastulaunuusssua nuinvanianulasiulaumeudradnuazldinuda a1n

1 o 1

nsdeumemaiauaudiuuues wuiaisdlasluleunddunimes 1 6 sunidieiogneu

Y

Uaneveadlaslaley (telomeric NOR) (i 4.3)

4.4 upslalnd wazdflownsuninsgruvasianfing
Uaimedidulastuleudnaseamindu 76 uwie waslidnuiulasiuleuiugiumindu 114

Iaslulruuvseanidu 3 vuin Ao auinlug) auIanans wazauiaan (e 4.4) lnelasiuley
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vunlngiainiuenlasiuleuninni 2.64 laslulguauinnatsiainiiuelasluleusyning
1.37-2.64 warlaslulanvwadndanuenlasiulsudesnin 1.37 (nsed 4.2)

TaslulzudAnassavesUainisznaumelasiulanvdauniguninaualng 14 Wi W)
WUNTNVUINNANE 4 WY FUINIGUNITNIUIATAEY 8 WV TULNUFUNTNIUIANAT 2 LA
pzlATiwunInULIAlng 8 wiik azlATwunsnIuIAlAg 2 WS WlalunINIUIANaIS 36 WY Lag
wlalwuninuuiakan 2 uie liamsansianuanuuanssvedasluleussnitaneguasinede
weslelviuazdflownsulasluleuuinsgiuvesuaineaInnIsgaula U UUSITUATLALLAUFRUY
uef annsnaiagrsuaslolnily fod

2n (76) = LMq + MTy+ L™Mg + M, + L% + M7 + Mg+ S5

A15199 4.1 Pulesluleuvaalaniatuain 100 wWnna

Sruaulasluloy (wiv) | Srwouwadiitu
68 3
69 1
70 1
72 3
73 3
74 6
75 7
76 54
7 7
78 7
79 4
80 3
81 1
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Table 4.2 AAU9IANNYIVDLIULAS LU 98U (Ls) kaulasialaut1ae1? (L) Anue?

laslulgunianue (LT) vedlasiulunusiazg A1 relative length (RL) A1 centromeric

index (Cl) vo3Ua1A1s C. guchua 1A 20 LN

o Ls LL LT -
Q‘VI ClxSD RLxSD UVUIN UVUN
(m)  (um)  (um)

1 1.630 2266 3.896 0.582+0.005 0.039+0.001 Tuiay NYUNIN
2 1.438 2092 3.530 0.593+0.021 0.035+0.001 Y NYUNIN
3 1561 2017 3.577 0.566+0.024 0.035+0.001 Tuay ERILANTER
4 1413  1.896 3.309 0.575+0.023 0.033+0.000 Y WNLUNIN
5 1229 1.847 3.076 0.593+0.033 0.030+0.000 Tuigy NLUNIN
6 1.287 1.704 2990 0.571+0.021 0.030+0.001 Y NYUNIN
7 1.168 1534 2702 0.565+0.019 0.027+0.002 Tugy ERILANTER
8 1.249 1345 2595 0.519+0.006 0.026+0.001 na NLUNIN
9 1.062 1.284 2347 0.544+0.03¢ 0.023+0.001 naN NYUNIN
10 1.195 2013 3209 0.628+0.003 0.032+0.001 Tngy FUILNLLUNIN
11 1.160 2029 3.189 0.637+0.017 0.032:+0.000 Tuay FULLINIUNIN
12 1.068 1.854 2921 0.634+0.001 0.029+0.001 Tuigy FUIINUDUNIN
13 1.011 1.758 2769 0.636+0.010 0.027+0.000 Tuay FUIINUDUNTN
14 0.853 1.498 2351 0.639+0.020 0.023+0.001 nana FULLINIUNIN
15 0.789 2.829 3.618 0.781+0.009 0.036+0.000 Tuigy pzlATLEuUNIN
16 0.856 2.382 3.238 0.736+0.009 0.032+0.003 Tugy pzlATlUNIn
17 0.828 2119 2947 0.718+0.029  0.029+0.001 Tuay azlATEUNIN
18 0.850 2233 3.083 0.723+0.015 0.030+0.000 Tuay pzlATLEUNIN
19 0.679 1.806 2485 0.727+0.004 0.025+0.002 naN pzlATiEunIn
20 0.000 3.420 3.420 1.000+0.000 0.034+0.001 naN wilalunsn
21 0.000 3.070 3.070 1.000+0.000 0.030+0.001 nana wilalunsn
22 0.000 2917 2917 1.000+0.000 0.029+0.000 nana wilaLgunsn
23 0.000 2.688 2.688 1.000+0.000 0.027+0.000 naN wilaLgunsn
24 0.000 2.858 2.858 1.000+0.000 0.028+0.001 naN wilalun3n
25 0.000 2.646 2.666 1.000+0.000 0.026+0.000 nana wilaLgunsn
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26 0.000 2537 2537 1.000+£0.000 0.025+0.000 Nag wilalwunsn
27 0.000 2414 2414 1.000+0.000  0.024+0.001 nag wilaLgunsn
28 0.000 2505 2505 1.000+0.000  0.025+0.000 nag wilalunsn
29 0.000 2.176 2176 1.000+0.000  0.021+0.001 Na wilalunsn
30 0.000 2.178 2.178 1.000+£0.000 0.022+0.001 Nag wilalwunsn
31 0.000 2.031 2031 1.000+0.000  0.020+0.000 nang wilalgunsn
32 0.000 2.050 2.050 1.000+0.000  0.020+0.000 NaN wilalunsn
33 0.000 1.879 1.879 1.000+0.000  0.019+0.002 Na wilalunsn
34 0.000 1.840 1.840 1.000+0.000  0.018+0.000 Nag wilalwunsn
35 0.000 1.683 1.683 1.000+0.000 0.017+0.002 nang wlalun3n
36 0.000 1.657 1.657 1.000+0.000  0.016+0.001 NaN wilalunsn
37 0.000 1392 1.392 1.000+0.000  0.014+0.001 Nag wilalwunsn
38 0.000 1377 1.377 1.000+0.000  0.014+0.002 ian wilalwunsn

4.5 fugruingrvaing

As9uUnYdaUan mundnYes Taylor (1962, 1963, 1965), An13indadiuvesval uag
NSTUTIUILTDINIUATUAN 9 FanUasnmiledeufiAnsiun Juinen vaspnsUseas sy
unseans Shwsdeillefimnumnedaelul
D; Dorsal fin = ASUM&S
A; Anal fin = ASUNY
P; Pectoral fin = ﬂ%‘m{]
V; Ventral fin = ASU184
C; Caudal fin = ATUMS
SL; Standard length = AueMIUaEgavedzseenisUaisanveensegn hypurals
HL; Head length = avueUameanvesazssgUnlufsweumuiegarasununszanUavion
Body depth = szziaInaInveuduuLvesdhuinngaEuRuveInTundaudeiuang
Body length = A3UE1IVBIAIIAINVDUATUTINYARYBIMNUNTEANUALWTBNTIINING
Caudal-fin length= AugiAsumalaginainUanganvenszan hypurals feUanganvesnsu
N4
Caudal-peduncle depth = 33azé’?m'msuauﬁmuuqﬂmama@maaamﬁwaué’mmwamammq

ATIUTIUEIUTUAUTIER
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Eye diameter = LdusuAudnansseningm
Post-orbital length = AIN1IAINVBUMUMEIVBIATIUAEIATDIHUNTEANTALYIDN
Snout length = AMuEMAINUaggAveIRRg UINTvaUmUnTvedm
Total length = AMUEMIINUananvaeRzieUNAUAEFAvBIATUN
@ulssiu( 1, 11, ll..etc ) = SuuiuASULYY
wue1sta (1, 2,3 ..etc) = TIumuAIvgeu

pansAnwluiuiide wuhdnuuaeuenvesUaing Ssusademsinszuon daui
Tnazsosundu Uinntre el Sitududenuunsslng Fduuusu Sganmeuuuaside
Afey drdareudnanay Aaay Yanseiundsduazaneeiumieddy aiufuen auma
Uanean a3uenlvg auvieadn indaluadveuiSeu (Cycloid) vwaladiudilaiiu 30 wufiwns

(mwﬁ 4.5)

A7 4.5 Snwagdugnuinginieuenveslainie (C gachua)



uni 5

3150INaN1TIY

5.1 Swaulasluluuanased uazsruaulasTulouiugiu
JanfnsiisrulasTuleufnassedviiu 78 uis uazsruaulasTuleufiugruminny 114 3
LANKEI9AINTIBIIUVDY Nayyar (1966) Sharma and Agarwal (1981) Donsakul and Magtoon
(1991) Banerjee et al. (1988) Nayyar (1966) Manna and Prasad (1973) Sharma and Agarwal
(1981) Kumar et al. (2013) Cioffi et al. (2015) AMULANANAINAIIDIIILLAAUIINGNITAINTT
Wasuwaswadlasiilen annsdenduvedashileuiamlawunin 2 winaedulasiley
wyeunsniifaesuay vilisuuusileslulsavielasTulonfiugiuliudsuudas (vu and
Zhou, 1996) LLazmamiﬁﬂmﬂ%ﬁﬁﬁawudwﬁaﬁmuimimi%mﬁmLumlﬁzju‘w%ﬂLﬁmﬁﬁu%ma@' oR
HueuiunusmalasiulsuseninaUatsmedszannsiu nanisanwinseidnusiuiulaslules
ﬁugwuLmﬂ@mmﬂﬂflsﬁﬂw’maa Nayyar (1966) Sharma and Agarwal (1981) Donsakul and
Magtoon (1991) Banerjee et al. (1988) Nayyar (1966) Manna and Prasad (1973) Sharma and
Agarwal (1981) Kumar et al. (2013) Cioffi et al. (2015) (M13197 5.1) Bnvedafneilsiuay

Taslulgueaudaun wuaEn wasdmeduaulianuisaswunsiavalasiulaulsog1adaiau

5.2 ylauazvuinvaslasiulay

nsenwassiaansasuunvwnvedtaslalaald 3 vwin fe Taslleuwuielve Tastulay
yuranas wazlaslulguuuinlan wui1A1991NN1SANYIU0S Nayyar (1966) Sharma and
Agarwal (1981) Donsakul and Magtoon (1991) Banerjee et al. (1988) Nayyar (1966) Manna
and Prasad (1973) Sharma and Agarwal (1981) Kumar et al. (2013) Cioffi et al. (2015) A314
uaneinswassuirvieviavadiaslulennnnisfnueded Werdsuisutumenuiiiiund
AmuAnesiy amguilsenaiesnnudninasilunisduungusslashilsusiisiu dansinw
afsiifuuasiinisan Turpin and Lejeune (1965) Tnsn1sstuunlaslalguussnudndiuwon
Fresnsoarusnuvulasiuleusianun (centromeric index, Cl; g/p+q) w1nen Cl 9g 38NN
0.500-0.599, 0.600-0.699, 0.700-0.899 wag 0.900-1.000 adulasluleusiauniigunsn
Funniaunin evlasounsn wavwlawunsn mudidu Tuvusfisenuiiiundandnniy
Levan et al. (1964) §smsimunsiiavaslasiulsuudanudnduauinsenisouudiedy (o/p)
Tasadl Arsening 1.0-1.7, 1.7-3.0, 3.0-7.0 wag 11nn31 7.0 sacduiumaunsn duunieunsa

FUWLAUNSA LAY MLAUNSN AIUEIRU NABNNUNAINAINUINAT U T AT ULN YU
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N3INANUNENVBY Levan et al. (1964) agiiAarutnenulasiulausinoslaswunsnnanmIu

wanNeeIves Turpin and Lejeune (1965) Faanaluwmsnaliinauunnaaveswiialaslulyy

nsAnwasatiladnuanuuanavedlasiuleuseninanagiavinadedavibaldannsasey

laslulguinavaslarnnald FeaenndediusieaunIsineIves 539 Aouana LasIdys 1N

(2534), Banerjee et al. (1988) waz Wu et al. (1994) fianudululainlaslalvunavasuands

aglududuveinisiuisunlas (differentiation) N1svualnAeIgnAMMUAlABEUTIRE UL

laslulguuialauianilagslianunsansianulaluseauiugeansiwad (@issnu o uas, 2543)

nsanianaswauiveslasiuleunaisisanuluvaniidenduvanendauveanivsiusng

(Neotropical fish) anUszimaus1@a (Bertollo et al., 2004)

A1919% 5.1 WisuiisunisAnelasiuleuveslaine (C eachua)

o 2n | NF gnsunslolnd 91984

Channa gachua | 78 | 102 | 12m + 12sm + 54t/a Nayyar (1966)
78 | 104 | 10m + 8sm + 8st + 52t Sharma and Agarwal (1981)
78 | 104 | 16m + 10sm + 52t Banerjee et al. (1988)
112 - 2m + 1sm + 53t(a) Donsakul and Magtoon (1991)
78 | 102 | 12m + 12sm + 4dst + 50t Manna and Prasad (1973)
52 | 74 | 12m + 10sm + 1dst + 16t | Kumar et al. (2013)
104 | 112 | 8a+96t Cioffi et al. (2015)
76 | 114 | 18m+10sm+10a+38t nsRnwAsail

MR 2n = IuAnnasalasluley NF = 9uiulaslaleuivugiu m = wnaguvisn

SM = FUINNIUNTA a = DLIASEUNSA t = LNLALUNsn
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5.3 TnsTulwaaoaviang

deffouuavduuuueinulasluleuiaiosmneiisiues 1 ¢ duvisvesussegnoutats
Tashilay Gedumaue fiuandrsiuludananaifisdfuinannisidasuudaseslasiulauuuy
Aoaduniedulieituredlasluleufiiuesanusswysy (Sharma et al, 2002) Fari1997n
N19An¥1v94 Sahoo et al. (1997) AifinwiuesvesUan C punctata lursduarden wuin

s

Tashilwwdadusmisuninailngfgeiuosegfiuautnonindiwulnsifles yuiaveuesil
mnuuandsiusgninslastulongmilou Sharma et al. (2002) nanadawmail C punctata 3
Auviiavesuesedseninagulnsllesuazivlaies (interstitial NOR) 8194iR91nN1553AURUY
wladledderuwulvsifiesniounudy senindasiuloniifvesuasiaslulonwriedy 9 wieiin
9INN1IINAURsHIUngles neRntavseadunuusruingdes szuinslasiulsumlaigy

730 2 uvia Tpenvianiladidumiauesimlaies

5.4 waslalnduazdnlownsuvaslainng

o
a

Uanfineduaslalndunnsisainyn o nseinen anuuanssiioraidunaunainaiuiuwls
malaslulguneglusiapedfiuusniielszyns (57 asuana wagldies 1nsy, 2537) N1sAny
ﬂ%y’aﬁlﬂumsswmmimiLLazL?Juswsmuu,ﬁﬂsumﬂa;wﬁmmsmﬂﬁuﬁé’wmamé’a Jandanysysal
Fssausuiulasluleufnasedve sUaifnaindu 76 waz 114 uia Tneuandranuiisiuu
Tasluloufnasys 4 WUy A 2n=78 Nayyar (1966) Sharma and Agarwal (1981) Banerjee et
al. (1988) Manna and Prasad (1973) 2n=112 Donsakul and Magtoon (1991) 2n=52 Kumar
et al. (2013) uaw 2n=104 Cioffi et al. (2015) Srurlasluleufnasssiinstudmaliuaslolnd
fanuuanansiu uilifedunauszniavis do nmsilaslulenvia wyieunindiutu 1 ¢ aed
Suulasluleninassdanas 2 uis 19y wan1sAnwIves gins1 Jaluns uazany (2528) 1
AnwlutadeaunnaanansvesUsenelng wag Wu et al. (1994) fifnuUardousinUseineiu
Ifseaunulasiulsufnassdingy a4 uwis GlasTulvmamigunin 2 ¢ msfnwiadedny
laslulaufnasen 42 uis Alasluleuvdaunieunsn 3 6 uaz Banerjee et al. (1988) 318411
Uardeuaindunenulasulaudnaseniviniu 40 uvie dlastuleuyiammnieunsn 4 @ A3uRy
wUsvesdruaulasiulaudanarndunaniainnisiiansiualaadunuulsidsalaiou
(Robertsonian translocation) valastulauwdnulawunindeusuiunswuniseulnades
nanewdulasTulsuedinumewnsn Wudieatunsinwives Yu and Zhou (1996) fidnwiluian
C. asiatica daduvandlandous nslanislulsuinaiu nuindszansainustn Guanezhou

Feogninaulavesdanin Guangdong fiuiulasluleufnasemvinfiu 46 wis vaeNuseyns
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9nugith Shaoguas ?fqagimmaumﬁamaq%’wi’ﬂ Guangdong wazusith Shashi ludanda Hubei
duulasluloufnassniiiu 44 wiie uRdemsiisnuiukaulasiulauiiny
yonaniudrfmuaruiunUsvesiasluleslutainedau q wWu Becak et al (1966)

s1891uUlutan green sunfish (Lepomis cyanellus) wuwaslelnd 3 wuv lauwn (1) Srurulasiuloy
fnavediiiy 48 uis Wulaslulauslamlawunsnianun (2) s1uaulaslilaufnassdiiiy
46 wyie Usgnaumelaslulousdaunigunsn 2 une wag taslulguvdamlawunsn 44 wi
waz (3) Puulasiuleuanassawiniyu 47 wne Usenauale tastuleuydauniagunsn 1 wis
uar Tnslulenafnmlawuyin 46 uvis Ssanunsoaguldharufuudsiiiatuiiinan nmaden
Aussaaulnsiosvadlasiulousdamlawunsnludulasiulauvianumiwursn

UsgarnsuannnsuseinalneuasUssimadutasiidauinisnicdasiuleulne sy
nszvIUNsUAsuLUasedlaslulenfiunnieiy Janfsludsemalneinaziigaiudaniain
UTINYJuIIMTEMINUatounazUatveln Banerjee et al. (1988) a5uteinarineainduialedl
widinudfisrfuiuuadenduie dunssurunmafingslasialen wasiuduneudidudou
vangtuneu nMsEnwImuiusTiyseimiinuailelnd 2n = 44; dba + 4ot TEIATuANS
HunszuIuMsUasuwlasduiistulateunians Susenidsanievesssindlve fe 2n =
42; 6m + 2sm + 34t wpslalvddinandeidugaiiiasiuveslarieduieduiaiteuduide
NnusINYgIm AnTiannnsuenanseenluidulanirsduifelagiunszuiumsiudeunyas
yalaslaley Snsfiuglaslaleadu 2 wih fo an = 84; 12m + dsm + 68t Mniiulasluley
sawlawunin 14 uis Ren1seusenssumdasulnsdosnaradulaslulouiiflaouwoy 6
wiid laslalousianlawunsndn 4 wie tinn1sdeadulasiisulnsiessiusmenanadu
Tnslulondifianuau & wis wadild fo tasluloufiflaosuuy 26 uwis waslaslulouvdamlamun
30 52 wis waslelnd Ao 2n = 78; 16m + 10sm + 52t Fadulasluleuvesvarfneduiiely
Taqdu

TuszrinemsiimuinisvedaslulauvesUariefiiumsinsnulastulsudu 2 wi
saansyvIumsTidudounats 9 nszurunisiu 1Einsmeluresdudiumduousdiudilyl
sy vlvusnamisuedewadldifiutudu 2 whiilewisuiuveslardeu Ssnsanevun
Y833luY n30ATUIY (Cvalue) Aayndlunvasladounaruainialag Banerjee et al. (1988)

Togudunadnesy
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Abstract

Karyotype analysis and ideogram of dwarf snakehead (Channa gachua) were studied
from Khao Kho Distric, Phetchabun Province. Kidney cell samples were taken from ten male

and ten female fishes. Mitotic chromosome preparations were conducted using standard
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protocol. Conventional staining and Ag—NORs banding techniques were applied to stain the
chromosomes. The results showed that the diploid chromosome number of C. gachua was 2n
= 76 and the fundamental number (NF) was 114 in both males and females. No heteromorphic
sex chromosomes were found between male and female. Their karyotypes consisted of 14 large
metacentric, 4 medium metacentric, 8 large submetacentric, 2 medium submetacentric, 8 large
acrocentric, 2 medium acrocentric, 36 medium telocentric and 2 small telocentric
chromosomes. The present study of NOR-bearing chromosome as 2 regions, which showed
clearly observable NOR. The karyotype formula is as follows: 2n (76) = L™, + M",+ L™, + M*",

t t
+ La8+ MaZ+ M36+82

Keywords: Channa gachua, karyotype, chromosome

Introduction

The Channidae family (Actinopterygii, Perciformes) comprises 2 genera (Channa and
Parachanna) and 29 recognized species (Nelson, 2006). There are 7 species found in Thailand
( Courtenay and Williams 2004, Vidthayanon 2005) . Channa gachua (Hamilton, 1822),
commonly known as dwarf snakehead (Figure 1). They can be found in all habitats, from
mountain streams to polluted ponds, dwarf snakeheads are a common element of Southeast
Asia’s freshwater ichthyofauna. They are esteemed food fish for their tasty and firm, muscular
flesh, and provide important subsistence fisheries in rural areas. Due to their ability to breathe
atmospheric air and can tolerate very stagnant, poorly oxygenated, turbid and even very foul
water (Rahman 1989).

There have only been few cytogenetic studies on the C. gachua. Seven reports have
been studied cytogenetically, each having a different diploid number and fundamental number
such as 2n=78, NF=102 (Nayyar, 1966; Manna and Prasad, 1973), 2n=78, NF=104 (Sharma
and Agarwal, 1981; Banerjee et al., 1988), 2n=112 (Donsakul and Magtoon, 1991), 2n=52,
NF=74 (Kumar et al., 2013), 2n=104, NF=112 (Cioffi et al., 2015). Variations on chromosome
number and morphology can be found between different populations of the same species or
among different individuals of the same population and even in different cells of the same

specimen (Diniz and Bertollo, 2006).
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For the present study, we report karyotypes and other chromosomal markers such as
these Ag-stained nucleolar organizer region (Ag-NOR) of C. gachua population from Khao Kho
Distric, Phetchabun Province, Thailand. the present study was undertaken to investigate the
genetic variation among chromosome of C. gachua using cytogenetic as well as chromosome
markers, to increase understanding of the taxonomy and to generate information useful for
evolutionary and conservation genetics.

Materials and methods
Sample collection

The C. gachua (fourty males and females) were obtained from Khao Kho District,
Phetchabun Province, Thailand. The fish were transferred to laboratory aquaria and were kept
under standard condition for 3 days prior to the experiments.

Chromosome preparation

Chromosomes were directly prepared in vivo follow the standard protocols (Supiwong
et al. 2009; Cioffi et al., 2015) Briefly, 0.05% colchicine was injected to fish’s abdominal (1
ml:100 g body weight) and left it for 1 hour. Kidney tissue were removed and cut into small
pieces then gently mixed with hypotonic solution (0.075 M KCI). After discarding all large piece
tissues, 7 ml of cell sediments as transferred to centrifuge tube and incubated for 30 minutes.
KCl was discarded from the supernatant after centrifugation again at 2,000 rpm for 10 minutes.
Cells were fixed in fresh cool Canoy’s fixative gradually added up to 7 ml before centrifuged
again at 2,000 rpm for 10 minutes, then the supernatant was discarded. The fixation was
repeated until the supernatant was clear and the pellet was mixed with 1 ml fixative. The mixture
was dropped onto a clean and cold slide by micropipette followed by air-dry technique.
Chromosome staining

Conventional staining was performed by using 20% Giemsa’s solution for 30 minutes.
Ag-NOR banding (Howell and Black, 1980) was carried out by adding 2 drops of 50% silver
nitrate and 2% gelatin on slides, respectively. The slides were then sealed with cover glasses
and incubate at 60°C for 5 minutes. After that the slides were soaked in distilled water until the
cover glasses were separated.

Karyotype analysis

Chromosome counting was performed on mitotic metaphase cells under light

microscope (Table 1). Twenty clearly observable and well-cells spread chromosomes plates of

each male and female were selected and photographed. The metaphase figures were analyzed
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according to the chromosome classification after Turpin and Lejeune (1965). The centromeric
index (Cl) between 0.50-0.59, 0.60-0.69, 0.70-0.89 and 0.90-0.99 were described as
metacentric, submetacentric, acrocentric and telocentric chromosomes, respectively. The
fundamental number, number of chromosome arm or NF, is obtained by assigning a value of 2
to metacentric, submetacentric and acrocentric chromosomes and 1 to telocentric

chromosome.

Figure 1 Generral charecteristics of the dwarf snakehead (C. gachua), scale bar indicates 3

cm.

Table 1 Chromosome number of C. gachua from 100 metaphases.

Chromosome number Cells (%)
68 3
69 1
70 1
72 3
73 3
74 6
75 7
76 54
77 7
78 7
79 4
80 3

81 1
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Results and discussion

The diploid chromosome number (2n) of C. gachua was 76 chromosomes. 2n was
count from 100 metaphases (Table 1). This differs from previous studies by Nayyar (1966);
Manna and Prasad (1973); Sharma and Agarwal (1981); Banerjee et al. (1988) (2n=78,),
Donsakul and Magtoon (1991) (2n=112), Kumar et al. (2013) (2n=52), Cioffi et al. (2015)
(2n=104).

We found that the fundamental number (NF) of C. gachua was 114 in both males and
females. The comparative studies with previous reported showed the different NF as those
found NF=102 (Nayyar, 1966; Manna and Prasad, 1973), NF=104 (Sharma and Agarwal, 1981;
Banerjee et al., 1988), NF=74 (Kumar et al, 2013), NF=112 (Cioffi et al., 2015). The result no
cytologically distinguishable sex chromosome was observed.

No differences between male and female karyotypes were observed (Figure 2). The
karyotype consisted of 18 metacentric, 10 submetacentric, 10 acrocentric, 36 medium
telocentric and 2 acrocentric chromosomes. It differs from the all previous report of Nayyar
(1966) that found the karyotype of C. gachua consisting of 12 metacentric, 12 submetacentric
and 54 telocentric (acrocentric) chromosomes. Sharma and Agarwal (1981) reported the
karyotype consists of 10 metacentric, 8 submetacentric, 8 subtelocentric and 52 telocentric
chromosomes. Banerjee et al. (1988) reported that the karyotype of this species composes of
16 metacentric, 10 submetacentric and 52 telocentric chromosomes. Donsakul and Magtoon
(1991) reported that karyotypes of C. gachua consist of 2 metacentric, submetacentric and 53
telocentric (acrocentric) chromosomes, while Manna and Prasad (1973) reported the
chromosome analysis composing of 12 metacentric, 12 submetacentric, 4 subtelocentric and
50 telocentric chromosomes. Kumar et al. (2013) reported the karyotype comprised 12
metacentric, 10 submetacentric, 14 subtelocentric and 16 telocentric chromosomes, then in
2015 Cioffi et al. report that the karyotype composes of 8 acrocentric and 96 telocentric
chromosomes (Table 2). The length of short arm chromosome, length of long arm chromosome,
length of total arm chromosomes, relative length, centromeric index, standard deviation of RL
and Cl, size and type of chromosome are presented in table 3 and showed that the mean value
of relative length ranged from 0.039+0.001 to 0.023+0.001 (Table 3). The present study
karyotype formula for C. gachua is as follows: 2n (76) = L™, + M",+ ", + M*", + L°, + M°, +

t t
M36+ S2



Table 2 Comparative karyological variation in Channa gachua.
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Species 2n NF Karyotype formula References

Channa gachua 78 102 12m + 12sm + 54t/a Nayyar (1966)
78 104  10m + 8sm + 8st + 52t Sharma and Agarwal (1981)
78 104  16m + 10sm + 52t Banerjee et al. (1988)
112 - 2m + 1sm + 53t(a) Donsakul and Magtoon (1991)
78 102  12m + 12sm + 4st + 50t Manna and Prasad (1973)
52 74 12m + 10sm + 14st + 16t Kumar et al. (2013)
104 112 8a+96t Cioffi et al. (2015)
76 114  18m+10sm+10a+38t Present study

Remarks: 2n = diploid chromosome number, NF = fundamental number, m = metacentric chromosome, sm = submetacentric

chromosome, a = acrocentric chromosome, t = telocentric chromosome, and - = not available.
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Figure 2 Metaphase chromosome plate of dwarf snakehead (C. gachua) male (A), female (C)

and karyotype male (B), female (D), 2n (diploid) = 76 by conventional staining, scale bar

indicates 2 ym. There is no observation of strange size chromosome related to sex.
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The development of silver staining technique (Howell and Black, 1980) to detect
metaphase chromosome sites of NORs has greatly facilitated comparative studies of NORs
variation. Silver staining of NORs is considered as one of the standard banding methods and
has assumed considerable importance in the characterization of a species karyotype. displayed
terminal Ag-NOR chromosome as 2 regions (Figure 3). It differs from Cioffi et al. (2015) which
has interstitial Ag-NOR as 4 regions. Here we first demonstrated Ag-NOR bands in the dwarf
snakehead fishes from Northern, Thailand. it is suggested that the location of NOR presented
on different chromosome pair in the karyotype implied that those can be a chromosome marker
for each fish species. The chromosome length and relative chromosome length were used to
construct the standardized ideogram. The idiogram clearly revealed the chromosomes to occur
in different size groups of large, medium and small (Figure 4). Such studies are useful in
resolving taxonomic ambiguities among closely related fish (Genus Channa) species and can

also throw light on karyoevolution and speciation of the fish species.

A

Figure 3 Metaphase chromosome plates of male (A) and female (B) dwarf snakehead (C.
gachua), 2n (diploid) = 76 by Ag-NORs staining technique, scale bars indicate 2 um. The clearly

observable nucleolar organizer regions/NORs, (arrows).
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Table 3 Mean length of short arm chromosome (Ls), length of long arm chromosome (L),

length of total chromosomes (LT), relative length (RL), centromeric index (Cl) from 20

metaphases of male and female dwarf snakehead (C. gachua), 2n (diploid) = 76.

Chromosome Ls LI LT Chromosome Chromosome
Cl+SD RL+SD
pair (Hm)  (um) (Hm) Size Type

1 1630 2266 3.896 0.582+0.005 0.039+0.001 Large metacentric
2 1438 2.092 3.530 0.593+0.021  0.035+0.001 Large metacentric
3 1.561 2.017  3.577 0.566+0.024  0.035+0.001 Large metacentric
4 1.413 1.896  3.309 0.57540.023 0.033+0.000 Large metacentric
5 1.229 1.847 3.076 0.593+0.033 0.030+0.000 Large metacentric
6 1.287 1.704  2.990 0.571+0.021  0.030+0.001 Large metacentric
74 1.168 1.534  2.702 0.5654+0.019  0.027+0.002 Large metacentric
8 1.249 1.345  2.595 0.51940.006  0.026+0.001 Medium metacentric
9 1.062 1.284 2.347 0.544+0.034 0.023+0.001 Medium metacentric
10 1195  2.013  3.209 0.628+0.003  0.032+0.001 Large submetacentric
" 1.160 2.029 3.189 0.6374£0.017 0.032+0.000 Large submetacentric
12 1.068 1.854  2.921 0.634+0.001  0.029+0.001 Large submetacentric
13 1.011 1.758  2.769 0.636+0.010  0.027+0.000 Large submetacentric
14 0.853  1.498  2.351 0.639+0.020  0.023+0.001 Medium submetacentric
15 0.789 2.829 3.618 0.781+0.009  0.036+0.000 Large acrocentric
16 0.856  2.382  3.238 0.736+0.009 0.032+0.003 Large acrocentric
17 0.828 2.119  2.947 0.718+0.029 0.029+0.001 Large acrocentric
18 0.850 2.233  3.083 0.723+0.015 0.030+0.000 Large acrocentric
19 0.679 1.806  2.485 0.727+0.004 0.035+0.002 Medium acrocentric
20 0.000 3.420 3.420 1.000+0.000  0.034+0.001 Medium telocentric
21 0.000 3.070 3.070 1.000+0.000 0.030+0.001 Medium telocentric
22 0.000 2917 2917 1.000+0.000  0.029+0.000 Medium telocentric
23 0.000 2.688 2.688 1.000+0.000 0.028+0.000 Medium telocentric
24 0.000 2.858 2.858 1.000+0.000 0.028+0.001 Medium telocentric
25 0.000 2646  2.646 1.000+0.000 0.026+0.000 Medium telocentric
26 0.000 2.537  2.537 1.000+0.000 0.025+0.000 Medium telocentric
27 0.000 2414 2414 1.000+0.000 0.024+0.001 Medium telocentric
28 0.000 2505 2.505 1.000+0.000 0.025+0.000 Medium telocentric
29 0.000 2.176  2.176 1.000+0.000  0.021+0.001 Medium telocentric
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30 0.000 2178 2.178 1.000+0.000 0.022+0.001 Medium telocentric
31 0.000 2.031 2.031 1.000+0.000 0.020+0.000 Medium telocentric
32 0.000 2.050  2.050 1.000+0.000  0.020+0.000 Medium telocentric
33 0.000 1.879 1.879 1.000+£0.000 0.019+0.002 Medium telocentric
34 0.000 1.840 1.840 1.000+0.000 0.018+0.000 Medium telocentric
35 0.000 1.683 1.683 1.000£0.000 0.017+0.002 Medium telocentric
36 0.000 1.657 1.657 1.000+0.000 0.016+0.001 Medium telocentric
37 0.000 1.392 1.392 1.000+0.000 0.014+0.001 Medium telocentric
38 0.000 1.377 1.377 1.000+0.000 0.014+0.002 Small telocentric
1 2 3I 4 5 GI 7I 8I 9| l l ! I l 16 17 18 19
—
) () —
JULIL 100000000
20 21 22 23 24 25 26 27 28 29 30 31 32 33 35 36 37 38

. metacentric . submetacentric |:| acrocentric |:| telocentric chromosomes

Figure 4 Standard idiogram showing length and shape chromosome of dwarf snakehead

(C. gachua) demonstrated the haploid set (n=38) by conventional staining techniques.
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