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= L 6 6 V a Q- 6 1 :/
midnsWugmaaiimaszauluanarasmmsnusianuimenanguilusludszing
Tnudruwin 8 o9ia lawn darniwes dandatreay Uvandndon dandnlinuwiasny daiden
Unuda dagud uazdausaudinles diaguszasd Aa ihafdnmdwaiulasluloudwaasd (2n)
Fwanlaslulauingin (NF) 3T U9 wazlaslulouinIasnuisannnisdenuauRuuunes (Ag-
NOR banding marker chromosome) daua3lanil as198@lounsuainasgin LLa:g(mLm%Iavlﬂﬂ NI
a =) % [ ' a [ a a 6
wWisuifisudayadandn LLa:’JLﬂ’i']:'ﬂ;a:'ﬂLL‘iJ‘lJﬂ’ﬁﬂiZ‘-D’]U@]’J"IJE]{IVLNI@]SLL‘H‘YImaia@‘uuiﬂﬂ&li‘ﬁ&l
o 2 o A o A A & e . <& A a @ A
AURRINIANENGINARA FISH MIdiiinanufainuaiat1adaing 8 vhe tasunlaslulay doud
1 s al 6] 3 aa = v a o a 6
Taslulan dranw saua3lalni ss1eddlaunsuunasgiu uasdinsndisimafia FISH inmsaeazd
suupudy g mvasinsy lslulauea 188 lulasuanifialad d(CA)s, d(GC)s, WAz d(CAT), Ut
Taslalanludaindnusy wan1sansiwuindat 8 viia lawd Uainiwad Uadedrearsy dandan
wWasw Uandnliruwiaea vadid daiuddn Uaqud uaztausaudiinlus J51mwinlaslalaud
Waag@Liny 50, 50, 50, 60, 56, 56, 48 uaz 48 uis mMusay wanlaslulauiugiuinny 84, 94,
66, 100, 100, 88, 88 LA 48 ANE1AL ;gml,m'ﬂavlﬂﬂsl,uﬂmﬁa 8 Thafiadh Uarnuasia 2n (diploid)
50 = L™, + L + L% + M™,, + M*™, + M% + MY, UaniFadnsanafa 2n (diploid) 50 = L™ + L™, +
L2, + M°™, + M?, + S?, + St Uandnidfawda 2n (diploid) 50 = L™, + L5 + L, + M™, + MYy, + Sb
dandnlAnwiaenafa 2n (diploid) 60 = L™ + L5 + L% + M™, + M*™, + M% + MY, + S',, danienen
A8 2n (diploid) 56 = L™y + M™, + L% + M, + M% + S'%, U a177@ 8 2n (diploid) 56 =
m sm a t m sm a t t Sa : : — | m sm a m

L™+ Lo Lo+ L+ M7t M+ M2+ Mg S Uanaudfie 2n (diploid) 48 = L™, + LM + L% + M7, +

ME™,, + M2, + MY + S, uaztanusautsinlusdia 2n (diploid) 48 = Lig+ MY, laslulaniaSasnunand



Funkiuadludans 8 wiia wusiuan 1 @;Lmn@haﬁ'ﬂuu@iawﬁ@ UATNAINMIANBIA N ATA
FISH salwsulslulonea 18S lulasuaniiialad d(CA)s d(GC),s, ke d(CAT),, ulasiulay Wy
gygmlnanlsTulones 188 wu 2 duwibs sncfuludaithndsuny 4 duns dygamlnsyla
Tasuamifialad ludans 8 sianunszansnuiuiuassusiomainelslassiuuazfansnsal
LaNzea luudazsiie ﬂmmmmmﬁ@]w”mfmmﬂﬁnﬂﬁjuﬁﬂmﬁ‘hmu 8 7ika lagnAansanudrindu
ghafddnsmwluniswamdesaaluemaaienauidudassiuiifanuddyoiolndves
dzmnalng uissluewnalunsdnsidesaa laun @nwudseuiisuszaulsemnsannnais
unas dnsudsinlasldlnsulalasuaniialadofinoun g iady ussdnsluszaudiSuevaslams

a =2 a 4 a A ¢ a o & a
8 TUa LLﬂ$ﬂﬂiﬂ"]ﬂﬂ1°ﬁu@au"] LWNL@]NI%’N?IL@EI’JT]‘U?J@’THG 8 T

Keywords : Wigeaasiaag, laslaloa, inabhangaasisasud awdnlauslaw
b, Ua1a28978, walin 129
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Tongnunui, S., Pengseng, P., Supiwong, W., Aroutiounian, R. and
Cioffi, M. B. 2019. Genomic Organization of Repetitive DNA Elements
and Extensive Karyotype Diversity of Silurid Catfishes (Teleostei:
Siluriformes): A Comparative Cytogenetic Approach. International
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Study of Cytogenetics and Microsatellites Distributions in the Genomes
of the Three Cyprinids (Epalzeorhynchos frenatum, Puntigrus
partipentazona, Scaphognatops bandanensis; Cyprinidae) in Thailand.

Comparative Cytogenetics. submitted.
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3. Au9 (9w nawudRnRlusE S Tmstudssna mil,ﬁuawaa'msl,uﬁﬂiz"gm
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1. Supiwong, W. and Tanomtong. A. 2562. Comparative Cytogenetics
between Osphronemus exodon and O. goramy by Classical and Molecular
Methods. lu: miﬂi:"gu?mmiﬁugma@‘fLLm‘*m@ asan 21 (NGC2019)
“w”mgma@liﬁamsw”@umaamﬂ"aﬁu”. Ul 20-22 Tnwow w.e. 2562 o
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5797l 1 Poyanugmansiwad lwUatenenuana Epalzeorhynchos, Scaphognatops,
Puntigrus, Bagarius, Kryptopterus, Wallago, Nandus was Osphronemus 6
151971 2 dhutsznouvesansazaneldluufizengnivwedweisa tileai1alnsy 15
131971 3 MaFnwIUSeusuiugmansiwadlulatmeaana Epalzeorhynchos,
Scaphognatops, Puntigrus, Bagarius, Kryptopterus, Wallago, Nandus &g

Osphronemus 29
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A 1 fegeuanfifng,

A 2w ueslelnd wagdilounsannasguannsEoNkuUsIINAI LAy
LOUALUUUDSYBIUAINIUAY

A 3 i ueslelnd wagdilounsannasg AN TEoNLUUsIINAT LAY
waUdLUUUBsYRIA L FRTNaY

At 4 e weslelnd uaydRlownTUNIATEILAINAITEBULUUSTINA LAY
uouduuuuefvesannuasy

A 5 i ueslelnd wagdilounTannasg AN TEoNkuUsIINAT LAY
wavdkuuuesvestardnlnnuingnd

AN 6 il ueslelnd uagdAleunTiannsEILAINATTENLUUSTINAT LAY
WAUALUUUDSVBIAAN

Al 7w ueslelnd wagdileunsinnasguannsEoNLuUsIINA LAy
WAUALUUUBSUBIUALAT)

A 8 i ueslelnd wagdilounTannasg NN TEoNLUUSIINAT LAY
WOUFRUULDIVDINNT

A 9 il ueslelnd wagdRlounTannasg AN TEaNLUUSIINAT LAY
uavAuuuuesvesausausiilus

Al 10 wlavesuainiua shemailavgoosisawus dudy levslawdy
Tngldlnsulslulsueansioue 185 nsululasuaviiialad 1wy 3 Insu
ToA d(CA)s, d(GQ)is wag d(CAT);q

Al 11 wlavesandedhians memadievgessisaisud dudy leuslaedu
Tngldlnsulslulsueassioue 185 nsululasuaviiialad 1wy 3 Insu
Town d(CA)s, d(GO)ys hag d(CAT)1o

Al 12 wnlavesuaunidey semadievigessisaiud 5udy leuslaedu
Tngldlnsulslulsueansioue 185 nsululasuaviiialad 1wy 3 Insu
Town d(CA)s, d(GO)ys hag d(CAT)1o

A9 13 wnavesUanUnlanuingny memealiavigessisawud dudy leuslawduy

Tngldlnsulslulaneasisidwe 185 Insululasuaniialad S1uu 3 Tnsu
1AuA d(CA)s, d(GO)is wag d(CAT);o
AMF 14 wnwlagesUandm mewaiangoasisaiud sudy lauslawdu
Tgldlnsulsluloueaaisiduwe 185 Insululasuanifialad S1uau 3 Tnsu
lAuA d(CA)s, d(GQO)ss Wy d(CAT) 1o
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Al 15 wnlavesaudia femaiavigessisaieust sudy levslaidy

Tngldlnsulslulaueanisidue 185 Insululasueniialad s1uau 3 Insu

eun d(CA)s, d(GQ)ys ez d(CAT)o 36
Al 16 wnilavesagud fMemaiangessisaieusd dudy leusladu

Tngldlnsulslulaueasisidue 185 Insululasueniialad s1uau 3 Insu

16in d(CA)ss, d(GQ)ys waz d(CAT)g 37
awdl 17 wyniavasUanusausiviilus dewadangeedisawud Sudy leuslaisdy

Tgldlnsulslulaueasisidue 185 Insululasueniialad s1uau 3 nsu

oA d(CA)s, d(GCO)ys wag d(CAT)g 38
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1. anadfguaziinvasdymniside

Usginalnedulszmaluwniou fgieniauazanimuindeuiinuizausenis
Wiaivlnvesdniihateny waznssaliihiidd dwmaliussmalne duundeiifiany
nanuaten1aTanmunuuamisvedlansesainnivewsnnld lnsanizvaniie
dounandnvargionnmaiimngandenisdissiinvesdaituaguadiulngodolu
widhfifienuanvansvesunasiriags Tin $1573 tan e vues Ao Ta wiing
#30a15715MAU Useinalneaziivaunuienateyiln vainnateaienug lnesiuwdifivia
sugUatlitesnin 700 wila (species) (¥3dn Ineuusi, 2548) TnsannninA3avesdiuiy
yiavanidadinuludsunalne (350 wiin) Sreseunuluguuiilvaazudihans i
wihya 3 wavasasy uazianihiafs 200 ¥iin Addnunrwardduasny douthunies
Huvaraeny segreviaiianudeugdudagiu 16un Uaide (Betta splendens) Uan
Uit (Gyrinocheilus aymonieri) Ua1nsua3es (Epalzeorhynchos bicolor) Yannmg
(E. frenatum) Uadeaunsn (Puntigrus tetrazona) Uawela (Channa micropeltes) Uan
Ayl unee (Barbonymus alter) Uannsguu (B. schwanenfeldin wazUarnialng
(Balantiocheilus melanopterus) (Sermwatanakul, 2005)

gefaarmeuiunilsgsiafignifmunangudeyaniuvainvatonistinmyesine
falasunnuaulaegresaidedunduinumsnsuazdusznounsidniin insglagtuiiiey
farnlnguazdiend dundenassuataisany vinlidmaddedusznounisvasineg
Usgnaufumawioundousunindu AEC sdraftusuuuy Tasissenoundamdalfuiniy
wazdnwaun vl ieliusdufussmagddu q madieslamsnudunueiia
Ussvmilaildsuauienunsvans esnlViarumdandy aareanmiedon Snviasly
Arwdifenfusssurivesdnfihuasdumnzfuyarannoe vnte nngiug (aulnwy Saay
NITRIY, 2544) fmﬂ%’a;ﬂamadqaaﬂﬁuaamamﬂmmmmﬁ"’ﬂamzijﬂ W.f. 2549-2553
wuitUseinalvediyarinisdseentaatsnuguiudusunnvetan lnefiyarinisdsesn
Uanaisau 13,968,611 wisegyansy (488.90 aruum) Tul w.e. 2549 disndu 18,928,773
Wiieayansy (662.51 &uum) Tull we. 2553 Gelidnsnisvensiufindundefosay 6.53
#aU (Bureau of Agricultural Economics Research, 2011) ﬁ]ﬁﬂsﬁ@;ﬂaﬁﬂﬂdﬂ’]ﬁ]mﬁu’jﬂﬂﬂi
wnedsmmsnuiiensdseenansaduaiulfiueinndnuareinsediunuserins
vosUsemealdiiuagnad afumeldlituusamalnefiugedu uardsmaliinunansiiael
avtuluusard Ineflssldindoronsouaiauinnit 170,000 uw fod (nsuUseas, 2553)
FefuUamasnuFaiunumdifydersugiavessumalne

ogslsAmulutagtiuanuvainuanenidanmessuanihinlulsemalnedsanas
domndamuafivundei Anssuresiyud inglanfeou uasmufeammsgnsiunes
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yiaugandu Yadenvilviniseysnddninesussdnsnin Ae viadeyaniemuding1ves

v & a A o 6o

fnfdafidoamsoying mszniseusnddnivdelafnusidusesidoyaiugiuienoutn
Tudniudazsiadeanisesls uarluthanaila et ldidummsnisdmiudefuiui
01d8 unate1ms uariuiinauiusldeodiagndes doyadudnvuszveslaslulsy
(chromosome) Fuiflutoyafiuguegrmisiisniudenisinluliussloniduniseysng
(sgms wmgdunn, 2552) uenainiideyanisinwiieafudsineuasiugaanivetan
monudsfinoudisios Tasimensinwilusdsiugmenanguuiiluswessamelng
nsnsudeyaiiuguduininewasiugmanivesuameanuviaiugmennluganiiles
yasUszmalngliifiosnazidulselovinenisoysndundsaunsalszyndlddmiunig
WanaeiuguamensliiduiiFeansvesmanluounan

WugAansiuad (cytogenetics) luawAvmasnuiugmans (senetics) AifnwAen
Taslulo (chromosome) daflumielassairaiiiuiegvesmitoiugnssundedu (gene)
yimiififiun muAN wazaienendnuazs1e q vesddidin andagunilslugdndigunils
Asna1e (mutation) veslasluleudeudenanednvazuosdafidin waznszuiunis
Waunsvesdadldin msAnwiiugmansiwadezyatuiensiviisdiuiu Ui vun
Tassadne wavdvulasluley waznginssuvaslaslulouluszezsng o (eus1 ANATIUUA,
2506; DAINAR UNLDBAMDN, 2550) MunduiliuBnvilsosdnnuifuguitauddaly
a9t iesnniduauifiannsailuusegndldsuiunatsarvnivn 1iun nnsfnw
MesueynIIAs I (taxonomy) Taslamzlunsdiveslaniifidnuazmaduguadendeiy
un Feyamefuiugmansiwadeziduiniesdlenisivivativayusiueynsuisiuvesuan
1‘vmﬂmaamnwuu m'iL‘Uasmuﬂawaﬂmiui%mmmumﬂm%uwmmwﬂﬂammiummu
Furesnsfndiuun ssfisuuvuuazdnvasvedlasluleniindioadstu nsiiddoyaiiugu
mamulaslulauiieane %wﬂmsf}mmaaaﬁmagﬂLlfumawunmwmﬂammmw‘lmm
aznguldignifes (eamnan unusewves, 2554) uenanidiauddydentsusulgaius
Uan Imaiﬁé’f‘iﬁmimﬁmﬁwaﬂﬁﬁﬁmau‘lm‘lmiwLﬁwﬁulff]uﬁqm (polyploidy) iielviinands
figsninvatiin q W lunisnisadrsaneiiuguatlng 4 aannisnauiudduaia
(interspecific hybridization) w%asﬁ’maqa (intergeneric hybridization) n13AALAB NN LY
fugarsiazdesiinsnsaasunuamlnddanaiugnisy mneaeulaslulsudidy
Fnwileildnraaeunowiiuifingn venanianuimetugmansisaddsiivsslonide
nsfnvmesiufivinefidnansenusedunndey wazszuuinamah lasn1snsndeu
aufnunfvedlaslulenlulariiorfoegluwndsintiu q (segns afaed, 2557; sasnan
LNUDBUNDY, 2554)

Tuvauswiadeyaunslolndiugnlifomeiazedursnuiunsnielusiinuay
seninawilalddsdndudeslidoyaduduusznoudeanunsaeduigodsanysaild Tnsdeya
Fsnamleiun msAnwiusmansieadszduluana eeuslassaiisvesiluy Ssdnuilag
wafla FIsH duldaulalnsungululasuenmalas Sadudifuivadg Smenunisinu



AoutINtuYa1InIveiing wagnudnunsuvesiulasuenmalaniaiudtnizee
yiavawdoUszring uenniifiannnaiunefsamumainuaisiayd Taunnslunguuan
va90L3nLe (Cioffi and Bertollo, 2012) G?J’aagamﬁwwﬁuqmam%L%aa’vl,uﬂmmmmﬁﬁm
vaaUspimAlnedsenuasudtey wasliiieesenunisAinwilaenisdendlasiulauwuy
sysuniiovensualasiuleuAnasesuazueslelndfiugusiiudussrunsinwuay
dlaslulwuuasiugeanswadsyavliana Wneweilla FISH gludsre97un sy
mm?iﬂéwauwﬁaumﬁwﬁﬁaﬂawmﬁwﬁwmawaaﬂmmmwwiat,ﬁ'iwgﬁﬁ]saaqﬂimﬂimEJ 1
ndunudbifideyafiugruiidrdymisiuiugmaniisaddemanifididylun13ine
TashilasiitelinsuiAifulassadaimuaesdlundsdtin dedeyasuiidutoyaiug
fidfyfianisatluussgndldlunisdneidusingg 16ud synssudsiu 3fmuinis
AsAnun3lun Avingrdawindenuazuienisuiudseiugiiienisousnduaznisdn
TnglaniznisAnusesenlu aasnudoyaduifsdausndvegiann varmsanusie
susmennanguinlassiuay 8 e Wgninsanudrindurdedifidneamlunsiaude
gonluouanfiomuuuaamsnuidanuddyeialivesUssmalne

2. InnUTranvalasinIsiy

2.1 iiefnyiduaulasiuleninased (2n) Suulasluleniiugiu (NF) JUS19 1unn uas
TasTulgsiadeamuneainnisdonuauduuuues (Ag-NOR banding marker chromosome) Tutan
asnunieiuimenn 8 sianguilusulsandlne

22 iiedaurslelndatdilounsimnmsgiu  wavgasueslelnd  suviadiouidiou
foyadsnanlulaamessiaiugmen 8 vinnnguiludulssmalne

2.3 WiolesgiuuuumanszaesveslilasusnvalavivulasTulesuniondsnsdnude
wada FISH lutaasnusiaiusmenn 8 siannguileslulsamalne

3. YaULINYBIlATINITIAY

3.1 yiteiidunuiteiuguiifnvideyaiusaaniiadiaseduiiugiusas sedu
Tuanalutanasnuvdaiugmein 8 vinnnguinluslutsswmelne 16un Yaudsa (Bagarius
bagarius) Yain1uas (E. frenatum) Ya1nlinuane1a (Kryptopterus limpok) UYaigud
(Nandus oxyrhynchus) Uan3a il wle9 (Osphronemus exodon) Ualildeov13a18
(Puntigrus partipentazona) UanUniuaeu (Scaphognatops bandanensis) LazUalAie
(Wallago micropogon) BaduniuAfuidequnmisjuiiuteyaiusmansivaduszdivia
suglaodliiufirnuiunysseninsussanng

3.2 Anwniiugaansiwaduaziugmanswadseauliana Tudararsnueiaiugnein 8
yinnnguinludlulsmalne Tngldfegnaanuilnay 20 i



3.3 Anwseauiiugeaniwadlagldimalianisdoudlaslulanwuusssuni wagwauaiuy
wes diunsnwiugeansiwadseauliiana agldinaiargeaisawus dudy leuslawdu
Togldlnsulslulonea (ibosomal) 185, lalasuaniiialan d(CA)s, d(GC)is, wag d(CAT)1o

4. Ussleviiimninesldsu uasmitssuiniman1sideluldusslond
1.1 Wuteyaiivsslovdsomanmsuaziluussgndldlususiieg

1. nywdoyafidrfyniaiugaiansiwad laun suiulasluleninassd
Frunulaslulsaiiugin via wwinvedtastulen waslelnt uardalownsuminsgiu Tuvan
arwuriaiugmenn 8 vinnnguihluslulssmalnelasdoyaiugiuiarnsoulule
Usglonflumsusudgaiugiiientsd wagnseysndsioly

2. nuidesmanelaslulon uaznisnszaredvedulasuemnalavivy
TnslulsuidudnuvusianisresUaramsnuvidaiusmen 8 viaanguiluslulsemalne
doyatiaunsnvsuenarmduiusludeliauns uasliusslovidmiuoyausznaunisdn
Fuundedidin (taxonomy) ¢

3. NIIVAIUANUNAINTAAIENNAUTNTTNVOIUAEIBUBTATUSIIEIN 8
yinnguinlusluyszndlng annsisudisunstusmanfieaduasiugmansivad
seiuluiana Feyativsvonanuduiug uazarulnddatusznitsuansdlaiusn aduty
sUnuUATaumsvestasiuloy wazsuuuvlalasuevinalaludluy Feazsfudsslovidly
msAnwfugmaniidedn saiadudoyausznevlunisdansaumanvatenisdinin
waznsliusslomininensdniiodsdausely

4. annsaffarinasnulunsansiiden 1S impact factor

mhsnuinaiguazaaentuiinstuan s deluldsslod Wua
NTENIIMINYINTFITUVIA Lagdwandon, 019158 WaznIvIN1590 4

andunsfinulusedvaaufnw, nsudsens nsensInnunswazannIal wasinunsnsgaule
W lUimnzveewarysuUTanug

5. souiisniiuauide

5.1 anuiiudiedns IWun ushinles uazane

5.2 annuiw3ealasiuley iuftinng Aeviesufifnisuseus angineimansuszend
LAIAINTTUAIANT UM INYIGEVRURAY INBNVANUBIATY LaziaslURnsiugAans
AAIYIFIINGT AULINGIANENT UM INUIFVRULNY
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2.1 msAnwugransigaslulmasnunguilusvassamdlne

nsfinwugeansisaduesarasnusiaiumeinainguinlosis 8 slindy
wuindl 2 wiia Aevandetvans wasUaUnlavuneendilifistenunistne dwludaidn
6 wiln wudimenumsAnuRusmansiwadiamemadolasluleunuussaun il Uan
nunsillasluleufnases 2n = 48, NF=72 (W35 106U wazsTy aeuana (2536) Yaiun
Waeuillasliloufnases 2n = 50 uay NF = 64 (550 Aeuana wazaAmy (2550) Uanuddl
Tasluloufnasyd 2n=48 wag NF= 90 351030 Heviay ua 0adnan WNUBaNNaT (2556)
Uausaudinlvsilasluloufnassd 2n = 48, NF= 48 (5% ABUEANS wavAMy (2549) Uan
wrndilaslulaufnasss 2n = 56, NF= 86 (539 aauana (2539) wazlatuadddlasiuloud
WABLA 2n=56, NF=82 (Rangsiruji et al., 2007) 51891uN158ounaudnuudug lnsianiy
g sdaauauvuueiSiifiseaunmsdnu Jedudufnuiindlumsinuuauduuuues
iiethoszylaslulemiaiemneiiduendnuaiuszdvin drumaiangesisad udy lous
oty Tutansia 8 viadalifistsanuuniounii ssdanuiainaudfeduidwenians
faZesvesdfuvad vudluy annsosunesuuuuTimumanadasiulenludaniia
TnglanzogeBaUataneny

[V o
v

Umaneansiaiusmenn 8 viin MinduiilueiiAnuaded S 5294 uae 8 ana
Fail Epalzeorhynchos, Scaphognatops, Puntigrus (1edUaagiiew), Bagarius (19AUaN
WwA), Kryptopterus, Wallago (Nﬁﬂmlﬁaéau), Nandus (Nﬁﬂmﬂm%) ey Osphronemus
(1UaLIn) FoyaiugmanSiwadvosanasmuedaiusmenanguinlsdisemutiosmn
dnlmgardnulnemaiamstiouunudlashilauuuussaum fdeyauanddunised 1

WAUaWEew 539 AoUANa kay T Ndu (2536) Anwilaslulauvasainiung
€. frenatum) wastamsuedes nuindsuulasluleufnasss (2n) Wity 48 uas 50 uwa
auadu dvuluvaruiniudey (Scaphognatops bandanensis) 53 ADUANS LATANE
(2550) lasreaudrnulasiulauanasya (2n) windu 50 wis d@auvandet1sans (Puntigrus
partipentazona) Usemelnedslifisienunisine widfnuluvssmadurenads e
Taki et al. (1977) wuindrurulastulendnasss (2n) Wadu 50 Wi wuiudulaiden
11751 (P. pentazona) wasluaslelndunnaneiu Yanlursddatnsineudiulngidiuiu
lastulguAnasss Wity 50 Wiia (Arai, 2011)

wdvawAlsenuluanaimeidudatnad 3 vila lawd Yawads (Bagarius
bagarius) Uaufy (B. suchus) wazUaiudnine (6. yarrell) %4 3 siiaddruiulasluly
wiiuRle 2n=56 usilueslelndunndreiu (Faa3en 9853 uavane, 2550) wdvaniogon
anavaivla d51891u 3 v¥lia Ao Yaninansess (Kryptopterus bicirrhis) 31uiulastalass



WA (2n) WU 64 s (57% nauana, 2539) Yaivibn (K cryptopterus) 3174
TaslulguAnasea (2n) Wity 92 wiis (Donsakul, 1992) Yaid (K. macrocephalus) 31u3u
laslulaudnased (2n) MU 62 w9 (Magtoon and Donsakul, 2009) @nadaiiAn i
18914 2 %ila Ao Uawdnsn (Wallago micropogon) wae Uandnu1n (W, attu) i 554 aewu
ana (2539) Menuliidanddiiaziannnd Swiulasiuleudnases (2n) Wiy 56 uag
88 wils MUEITU Fsarnsreaulaninenainduieisiuiulasiuleudnases (2n) Wity
86 w14 (Rishi and Singh,1983; Sharma and Tripathi, 1984) dniulsdvainud d51897u
Wiee 1 wiia A Uaaud (Nandus oxyrhynchus) finuulastulaudnasen (2n) windu 48
wiig (351050l ﬁwi’m LAY 9AINAA WNUDBUYIBY, 2556) S'T}qwiﬁmqaﬂamim Piflseeuls 3
vl lon Ua%wmuiﬁﬂm (Osphronemus exodon) Uawsn (O. goramy) bag Uakinkmg
(0. aticlavius) Bs3ia 3 viafisruulasiulsufnassd (2n) Wirfu 48 wis (53 Aouana
LayAy, 2549)

A13197 1 Yeyaiugaansiwanlulatatsauana Epalzeorhynchos, Scaphognatops,

Puntigrus, Bagarius, Kryptopterus, Wallago, Nandus Wa¥ Osphronemus

Family/ Species ‘ 2n ‘ NF ‘ Karyotype Ag-NORs | W KR hIEN | Reference
29dUamzINey (Cyprinidae)
Uannuag a8 72 | 14m+10sm+8a+16t - vy 5% nawana
(Epalzeorhynchos uag Tys
frenatum) NeY
Uamsuaos (€ 50 74 | 20m+4sm+2a+24t - ne (2536)
bicolor)
Uanthnideu 50 66 10m+6sm+34t - ng 530 ARUEANA
(Scaphognatops AT MY
bandanensis) (2550)
Uaded19any 50 90 6m-+34sm/a+10t - LoLTe Taki et al.
(Puntigrus (1977)
partipentazona)
Uadeanns (P. 50 98 | 22m+26sm/a+2t - LoLe
pentazona)
29AUauA (Sisoridae)
Uauay (Bagarius 56 88 | 16m+16sm+da+20t - Ty 999381 599
suchus) 59 UAzAY
Uauada (8. 56 82 | 16m+10sm+2a+28t - Ine (2550)
bagarius)
Uauprae (B. 56 96 | 14m+20sm+6a+16t - Ine
yarrelli)




29Availasau (Siluridae)

Uaninansesag 64 98 | 20m+10sm+da+30t ng 5% Aouana
(Kryptopterus (2539)
bicirrhis)
Yarla (K 92 100 8m-+10sm+74t Tne Donsakul
cryptopterus) (1992)
62 98 24m+12sm+26t ne Magtoon
Uai (K. and
macrocephalus) Donsakul
(2009)
Janaw (Wallago 56 86 26m-+4sm+26t ng 53% nowana
micropogon) (2539)
86 | 104 | 12m+6sm+2a+66t dude Rishi and
Singh (1983)
Jandhim (Wallago 86 108 10m+12sm+8a+56t duie Sh.arma. and
attu) Tripathi
(1984)
88 | 110 | 16m+2sm+da+66t vy 5% nawana
(2539)
wAUaMud (Nandidae)
48 90 | 6m+22sm+1da+6t ne Insal
Ua1nud (Nandus HTIE L
oxyrhynchus) oanan
WNUDBUNDY
(2556)
239dUausn (Osphronemidae)
Uananuilos a8 48 48t vy 53 ARUANA
(Osphronemus LATAMY
exodon) (2549)
Uausa (O. goramy) | 48 48 a8t
Uausauag (O. 48 50 2sm+46t

laticlavius)

e 2n = ulasiilesdnasen, NF = uiulashleuiugm, m = laslilausiamm
WUYISN, sm = LAl Rag UL uan, a = nsklourineslasiouran, t = laslulausie

wilakwuvisn NORs = Nucleolar organizer regions uay - = ifimsanu




rndeyanisAnwiiugmansisadlulameninia 8 wlislurdsiasnuiadnldun
813 (Kryptopterus limpok) §aldifitayan1sfinwiuineu nsAnuade s adusienuusn
oglsfnaluvanussiadoyaueslolmdfugwlifismoftazeSursaruiuuys nelusia
wazszninuialadssndudedditeyasudulseneuisanunsnosusegisanysalld Tng
Toyadsnanaldun nsfnwiugmansiwadseiuluana WooSutelassaiisvesiluy G
Anwlaomadafidnuilaslulonuvuinaaindsaisidesuas (Fluorescence in situ
Hybridization: FISH) LileAnwssazideavesdunieMduovuuidlasiuleuld dagdu
wafia FIsH duldaulalnsungululasuenmalad adudifuivady Smeeunising
AouteIINtuYa1InIveIEnT wagnunuilnsuvesiulasugnmaladianaudnig se
yiaUamieuszeing uennianusnesuiefanurainvatsuayitaninislunguuan
y930ui3n1l# (Cioffi and Bertollo, 2012) Feyansfinuiugmansiwadluuanaisauiinin
YaaUszimalnedsenursudey wazliiieaseunisdnwilagnisdaudlasiulauwuy
sysuaiieuendlasluleuinassduazuaslelnifiuguhdudiusenumsinwuay
dlaslulguuaziiugenansiwadseavluana Wnewmeda FISH delifisnenunsinm

2.2 NugAmanissiulwadszauluianavasuan
msmaduiiBueiieguulaslulelngldinadaily dugninuuszgndldfudan
nagwia (Cross et al,, 2006) Inglanizagad nsnsammduediidnumsfugadi 4
Hunguiieglusundsiivtiueuuulasiulen 16un udalay (histone genes) Bulslulen
(ribosomal RNA genes) Bsfiuimanifivsslonilunsinuidnumsiasuuuuredasluley
waziduduiinuludamnvie dansAnududsnanuulashilsududeyalalunisain
Faun1svealainga salmonids wuitdduiuaiigng uenldainuamatssia inns
nszwoglusumisfiunneinefiuly Tnsenssguinasumiasulnidios featy Uanuousns
AN Lad (Antarctic Ice, Chiondraco hamatus), Uan Hoplias malabaricus, Y81 Sparus
aurata uag Uan Salvelinus alpines Wudu nenunszarseguinaumlaiies dsaznuly
Tasluloudnifinsegndundmnvin Jarfinensisaeusmelnsumlailes leud nguuan
Cypriniforms wagnguvan Salmoniforms @vuluvaingu poecilids, Uan Leporinus
longates Uan Chiondraco hamatus wazan Oncorhynchus tshawytscha ‘W‘Uﬂaum@m
wadisragiinrmdunzilasiuloumne mim’maaumﬂm’;ﬁlﬂﬂi’ﬂwwmmmaauLmﬂmaﬂu
W 19y Insuiidumzsovia Insuiidunzdelaslulen vielwsuiiduwigsdema dagn
tharlddsslovdlunamsdosa dviulnsueulndesussmlade forllunansasoy
nsdnseanlnivedasiulaunigluvilapeiu (Ruth and Kent, 1996)
5lulesen 019i8ute u ude o15MiBule ludarsiuisguaslendugadug
Usgnauenaguiiu 2 23 (multigene families) Aumnsinaify nduBuimaniusznoudaeiud
ogjfuiuyndiqdaud 100 F 1,000 9n 3oseu nquiuasdusn Euvdnves enifiuie)
138131 455 rONA Wusadnsiiindlesa Usznausiedu 185, 585 uaz 285 rDNAs dungy
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fudnaed (Fuseswesendmdue) Sond 55 ONA Wuduildldadraindleda sy 455
(DNA Fadunguiuiidusiusfusiumisuss (Mazzel et al, 2008) Ju 455 (DNA gnaonsiia
Tneteulus RNA polymerase | Tuvauzdl 55 rDNA gnaensvialagiaulssl RNA polymerase |
(Long and David, 1980) JUsuuvesnIsnszatemvesulsiulguiaudinigraviiniag
nsdnseemvadlasiuledlulanied Channichthyidae (Mazzei et al., 2004) Woun1wILay
Aty (Fontana et al., 2003) é’hwudwgﬂmeaqmiﬂizmaéf’asuaqmjm@ummﬁﬁﬂ’am
pdeafaareyintginislursdresuaameiiiou wazBumdrdiduiniomunenis
ftugnssuegilumsfnufauinissuienisssyialagldusnssulurdeilnd iAoty
vosanana Tor uenaniinslidulsTulendaduatioulaslulsmaiomanediauddod
lunsfnwidIeuiieuniaiugnssy (Singh et al, 2009) Bulsluloy (18S and 55 rDNA) &4
Huinsemsnefignldlutan H. malabaricus WleusnusiazUszyinseanainduld (Cioffi et
al., 2009; Vicari et al., 2005) luviuaaifgIfiugULuuvaalnsy rDNA Lwaﬁﬁmmiagﬂﬁtﬂu
iwsesnedlunitelidmsunsaaeugnanszrineinald sadansviunuiilaslulouvesdy
aeiien dumidlilasuenidialast lutagduiinisldmaiaily weldusslovilunisuen
AnwagyaUSI ?fﬂLi“]ﬁﬁﬁigﬁﬁ%%’UﬂﬁLWﬁgLgmé’mi‘ﬁuﬂ (Ruth and Kent, 1996)

Lilesusnalaiduuinaiifudsuvaiiugalnefiduiugavenvaiaus 2-10
wa vinaiidudnitlildy msinvimsnszaeivedalasusnnalailuasduausadill
1518970 widlsenunsAnwreutaantudatvesnivasnile lulasuasminalaignuudn
N3¥AYRYUTLIUANY vadaslulenvandell usnadiduemelslasuniiu (Fischer et al,
2004; Mantovani et al,, 2004) Ingwiavaiignanwidmlnajaznululasuanmalasiuiiom
wulnsiies (Lanfredi et al,, 2001; Martins, 2007; Canapa et al,, 2002; Oliveira and
Wright, 1998; Mazzuchelli and Martins, 2009; Sola and Gornung, 2001; Reed and
Phillips, 1995; Garrido-Ramos et al., 1994; Elgar et al., 1999) U’N%ﬁmg}ﬂwuﬁﬁnmwﬂa
g5 (Vanzela et al., 2002, Hatanaka et al., 2002) vissingnnuusnalastulounelulan
(Cioffi and Bertollo, 2012)



o
unn 3
ad A A& o = aw
2|03 / Lﬂiaﬁuawi“iﬂuﬂ'}iﬂﬂwﬁ’aﬁlﬂ

3.1 WUUN1933Y (Research Design)

AT dunATodanunm WedmnauasAnudnyugangmaiugaansivad
vosmmsnuriaiusnien 8 viaainguirlvdulsumdlne 1dun Yaudss (Bagarius
bagarius) Ua1n1uas (E. frenatum) Yardnlanuinena (Kryptopterus limpok) Yanaud
(Nandus oxyrhynchus) Uanksa il wle9 (Osphronemus exodon) Ualldeod14a18
(Puntigrus partipentazona) Uanunideu (Scaphognatops bandanensis) tazUaAnan
(Wallago micropogon) ¥1fieg19Uaun@ny n1edug uing) fugaansigad wagiug
manfwadsziuliiana Inousazeialddiedrazssuin 20 fo81e iloRazdnu
Wisuifsudeyasevinewila ludusineg adanldAedads uavdrudonuuumsguluns
mAAuenIlasiulay
32 dupounayislun1side mafiudeya nstwuaiiudl Usstnssegns 1as uagisng
lumsinsendeya

1. mMahufeg

Augegnarmsnuiaiunen 8 wiaainguinledlulszemalne angs
whilaauazannn nesefuoonideuniiovesussmelne Tiun Saviavuasans e Jan
ANAUAT UATNUL 81T UaraUuaTIsnil
2. Anwidnwauznouenmuduguinenilessyvindiegsanmenuriaiugum
o0 8 wilinnduilududssnalne
megsUainTvdeu warseyvlalagldienaisniueilovesnidn Inen
WUN (2548) 3189 INeuuN Uazane (2540) aulavil sanvnIdul (2547) Kottelat (2001)
Laz Rainboth (1996) Feinermansiiiuiisensudanugiudeyaseulatl Catalog of
Fishes (Eschmeyer, 2016) Snwarildnsiaaeuliun snvauzausndfirenudn A
B17YBIATUBINABAIINENEN TIUNAR Fvesaia Suaunsrgamien S1urudinden
AINUENILATAINNIVBIEINI Lusy
3. Anwisuiugenansieas
nsAnuduTugmansiead Usznoudie tunsuniswiealasluley nsniey
dlan nsfendlasiuley nsnsivaeulasiuley nsdnviueslolnd uaznisasnedilownsy
a3y Fadaluil
3.1 mawssulastuleulagddniemss (direct method)
ofoeiild Aol ilosandusiusiiiinsulavadnasananlaeniosainly
F1A91T3n (in vivo) Tnesawlasunannidiues Chen and Ebeling (1968), Glod et al. (1990)
uay Nanda et al. (1995) sl Anlaaddududuionar 0.05 vuin 1 faddns Aoty
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100 n¥u wluludesviosasuan Uaeslilarielugifesanfinusendiauogiauss iuian
1 $alus Wemsunanhualuvildmeetealngldiugs insndadosios waztanis
duvatloan dmfududn 1 luasavanelnunadounaslss Wudy 0.075 Tuand (KCL 0.075
M) NTBAUAMYAAVUIAINYRBNAILATUNTIVUIAGUHIAUGNA 1 TadlunT maznauLgad
swadnadlunasaiiuisswun 15 Sadans Wuasazanslnunadeunaslsaasiulunasn
Huvissuszann 6-8 faddng Juiunznauead Unilgnumgiiviesuszanas 30 unit thagneu
wadluilufiruga 1,200-1,500 seusiounitlunan 10 wift fedruladhsuy Wuthends
ann (fixative) AfldrunanveunILea (methanol) 3 duransnesdfn (acetic acid) 1
dru fwSenlml q wazBudafiaznenegnedn 9 nioutuigmasaludie Wuuasu 7
fladdns thansazaeluduit 1,200-1,500 seusteurdiilunan 10 undt feduladhavy b
thenssaninadly 7-8 Sadans Tusness g iledrmeneuwadliazen 3-4 ads iy
AYNULLAS AN TazaNeRsATas LT 20 psrwalded aunitaine
3.2 mswseudalantasiulay
YnzneuradiwIeuliudmeavudalasiiazonn 1-2 nen lngnennieain
alas 10 wuflns Weneaasunan 15 Jundilimentnenieanimaiudn 1 ven Jaeeld
wislue1nd nseseudlanasieseuansiegtelatluauiniag 8 dlan
3.3 nsdeudlasiuley
thalaswsenliunyinsdenalasTulsuiauuusssuauasuuunes §eil
3.3.1 Msfeunuusssuatuinmsieualasiieddug anudududosay 10
(10% Geimsa stain) lunaaasiwes (phosphate buffer) AidiAAuSuNIAFA1I 6.8 (pH
6.8) WuL1an 30-45 u1# (Rooney, 2001) widsdladaethnduliarenn Aeliue vl
nsdeunelindesganssauwuulduas
3.3.2 @mSUnNsPeulauELUULeS AnlUaan3an15uee Howell and Black
(1980) faitaladfiazdoudasiiongsewing 1-7 Ju lnsvhaladfwdsulilueuiigumgd 60
sergadod g19tios 3 $2lue noaaatRudututosay 2 asuudlas 2 ven Wdenda
neslumsniaudusaeag 50 (50% AgNO;) asuudlan 4 wien UnmenszanUaalan waitg
Foufl 60 psrwalea Wunat 5 unit wiounirdladasudeududvdoady Ghaddld
vwaualadidsududinaalaeiinnn) aedaneslumsmdruiueondisinau fealas
TiAouuis dhludeumediudrduduiovas 10 luneantwies pH 6.8 1ulian 30
i drsaethindu Adsuiahluanaseumeldndenansaiuuuliuas fdses dox
3.4 nsnsiadeulasiuloy
Aonwadidlaslulouszozumnnanszaedilddouiuiu tiunaienin
Tasluloulngldiauding (objective lens) Adsvens 100X lnsliyndienndisedundos
ganssat vieldndesidnea iensratiudmiulasiulananamaislasiuleudiuiu 100
wad Anudvesdaulasluleuiinvinnige agidudvesdiiuiulasluloudnassdves
Asfiddndu 9 ndudvdlaslulsudimieutu (homologous chromosome) uagdnwn
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laslulzulagnisuiainuevesuaulasiuland1ee1l (long arm; L) A27087179990UY
Trslulaadnedas (short arm; Ls) wazdmnameanuenivesiasiulouusazusia (total length;
LT, LT = LU + Ls) A1uaeuAn relative length (RL) ag centromeric index (Cl) Lﬁaizq%ﬁﬂ
voslaslulay wazthAdildlulduszneulunisdaiuailelnd wazai1edalounsummsgu
3.5 msdaviuaslelnd
AnwUasaInisnisvesiuesni lvedan (2532) wag Turpin and Lejeune
(1965) 15udeilslunisiuglastulendimiloutu Inonsimuasundasulnsflosues
Taslulonusazuisluead JaAararnueiveatulaslulendiee1d ALYV U
Taslulondnedy diaildundmunmarusnvedaslulsuusazwis Sadesnslolnd 1%
Sesmuaruenivedasiulauudazganuniumides snviulastuleuweaznaduganvine
uudedneiaue Fesuonneiavvedlasluluuudazafiuans 1euislaslalaalvioudiedy
BEUAUU WULTINE1IDYAUA
Supoumsinrhuaslelnd
1) denwadluszezmma fifvuavedaslulalionvieduiuly fnns
nszedinlidouiuiy wariusulaslileuldnsurifusivnlaslulsuresdadidinuie
tfu henmeadidenlilaslfaudingidiaens 100X denudnsiuiu sinay 20 iwad
2) Msudnedildlumsduglastuloaiimiloudu Inofmuniumisve oy
Insdlesvedlasiulauusazuislumas antusadmueveaulasiulsudreen many
svewaulasluleudnedu tharildunduamanuenvedaslalauusasuis n1sin
muevedlasiulene1avldisn sdnlasiuloueenunainuiediazus Mvuaninglay
Tlastulounnuvisieunsin letarnueniaiauddedualastulsuifanuenvesuyuus
avde wagenmeiauislndiAsetusniian
3) nsAUINMIAN relative length (RL) Awdadldanans il
A relative length (RL) = Anuegvedlasiulauunaging (LT)

A mvanuaveslaslaleuynuvs (SLT)

sl RL anunsndaslunisdudlaslulsulduiueundinisldmeuenves
TasTuloy ws1zen RL veslaslulonuusazuvisazasiilunn 9 1wad daudiaueives
lastulawazunnsneiululuwadudagivad

4) NSAWINMIAT centromeric index (CI) Aualeangns ol
A1 centromeric index (C) = AU VBILUULATIUlYNT1981 (L)
AugIvadlATUlaNusazLa (LT)
theh Q1 Alsianssyriavedasiuley Tneldinest fad

A1 Cl 8g581319 0.500-0.599 Fondulastulausiaumiaunsn

A1 Cl 985813149 0.600-0.699 Intlulastulenviladuiumniaunsn
A Cl 9g5ening 0.700-0.899 daidulastulauviineslasiaunin
A1 Cl 98521319 0.900-1.000 dnilulastulenviiamlawyumsn
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5) n1stmusvuiavedlasiuley wuswwiaveddastulsueendu 3 wuin
Tnernuslilaslulongiionigadulasiulendi 1 waslaslulougiduiigadulasiulouy
gaving

TasTulonvunalng (aree=L) Ao Tastulaudifiaanueannniiesmilwesmauin
anuenadsvedaslulenluajan sanfulasluleugidndign
fedu L > LT wfenfl 1 + LT wisdaniie
2
Taslulgavuinnans (medium=M) fe Tasllendisidamentesniedmilses
anugadeveslaslilualvgjan udulasluledidniign

At M < LT 1adedin 1 + LT lndegaanie
2
Tastulauvuiaan (small=s) lown TaslulauniaueitssninnTaniwesniny

sedvvestaslulsuglnajan
faidu S < LT iadedd 1
2
6) daseauaslolnd WiSsanuviialasiulaunou LaAselseInILAIINYT
voslaslulyuusargainuintunides sniulastuleunmvzanuluganineyuaiadie dos
venyneiavvedlashilususazgduanmuvidasTalsuliumudaduogduou usutreen
agiuans wastisunauislastulaulvisumlasulnsiflesnsaiu
3.6 NSYNBALELNTUNINTTIU
3alownsu e lnezunsunansarilolndveslasluley 1 yausnased 39
Uszneusielastuleuinenie uazlaslulenmea Tnslddoyadnadoninuenveslasiulen
sUsevedlasiulay wasduriasulnsdes salewnsuarnmalinnisdondlaslulauuuy
sysualdiwadszeziununasiinay 20 waa dndnarsielnd uarinaiiueivewau
TasTuloudeen waznvulaslulsudreduvedlasluluamnddionedided (verier) Savin
anadileunsusmeaeufinges lnenisurdnadsaiuevedlasiulouusazguiaiis
nsmllagllusunsu Microsoft Excel Tunuss (v) iunrmenivedlasTulauusiase wagunu
uou (X) (udfuveslastulougilngianlumgiidnign onulaslulowadadug
gavine uarduusususrevedasialualagldlusunsy Microsoft Word %138 Microsoft
Powerpoint (aa9nan unuaeunes, 2554)
4 Anwiugenansiwagsyaulanana
msfnwiusmanfwadseiluana Usznaude dunouninnioulesiuley s
wiealnsu nsvimSuasus (pre-treatment) nsvinleuslawedu (hybridization) wawnns
WATILING AAWUAIRTN Liehr (2009) Uaraainan Unuaeunes (2554)
4.1 Sumeunmawdsnaladindeutunisnuiugenansisad
4.2 msvhwavFamnifdunoudall
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1 thaladlleudl 60 ssmwadea Wuszezategneos 2 Falug

2 wispaindu 95 fadans naufunsalalasaasin (hydrochloric acid) 0.2
Tudn$ Uung 5 Geadns adluladond sniuhlugulugraiguiildoumnd 37 esm
\walged

3 inaTazanulluTu (pepsin) ANUTNTY 20 daansu/dagans Usuing
500 lulpsans adluladendlude 4.2.2

0 quuiualadlulodondivdenlilusnaheu Wusvezing 3-5 i

5 Funudladsmeasazanenleawinliles (Phosphate buffer) 7
gaumgiiieadua 5 uiil

6 venasazanelnailniedu (postfixation solution) Aifld unaunIswesunA
g7 (paraformaldehyde) 500 lulasans asavaneneaatnines 1 win (1X PBS) Usuns
100 lulasans wazansazansuunii@uunaslss (magnesium chloride) Asidudu 1 Tuans
Usums 50 lulasdans asuunszandndlasaiingnn (25 X 50 fadiuns) antuinsalasuy
nszanlUadlan wazUudunan 10 ud

7 dinsvanUedlaneen wazansluansazaneweamatiives 1 win \Ju
nan 5 Wit antuhaladlugresethndunn 5 undl

8 shmsinhesnamnwadlreiludduseanssedanudiudu 75%,
95% uay 100% muadu Wunadiuag 3 unil udldesliuisiigumniivies

4.3 MIesuUlnsy

Tnsuiizdnunluasd Woud Tnsulslulan 185 waglnsululasuenmalasi
U 3 sy 1auA (CA)s, (GO)ys, (CAT)q0,

4.3.1 l5lulwuea 915i8uedulnsu vila 185 rDNA wledlaensyuIung
Uffsengnlamedimelsa nddulevesUaiusafiivuinnuenivesiua 1,400 guesdu 185
RNA muSuesdoeviluazany (Cioffi et al, 2009) asl¥lnsueitiaduianalolndaad

18S rDNA
Forward 5" CCGCTTTGGTGACTCTTGAT 3’
Reverse 5" CCGAGGACCTCACTAAACCA 3’
druvsznevvesansaranefildlulfizegnldwediweisa fam1s1eit 1 wdudng
%umauﬂﬁﬁ%mgﬂiﬁdwaémawa patumeuiiinue
funouufisengnldwedmeisa lunsviilngy

[
=1

1A Thermal cycle Ju Palm cycler Fn15viauUsenaume 3 Tunau Al
TuRoUd 1 Initial denaturation Mgl 94 ssrwaidea Wuian 5 il
11U 1 58U
TunoUN 2 Denaturation Migaungil 95 srnwaided Wual 1 undl
Annealing igaunndl 60 asrwawded Wi 1wl
. a a a I a a a
Extension M9 72 aeAgalged tUulan 1w 30 W
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PG IYUABDUN 2 I1UIU 35 U
TuURaUA 3 Final extension 91 72 asAwaldd Wunal 7 Ui 311U 1 59

A5197 2 dulsznevvesasazaefililu§idoignlenedueisa ieairalny
daudsznauvssasazany Usunsg
(W)
1. 50 ng DNA template 1.0
2. 10 uM Forward Primer 0.5
3. 10 uM Reverse Primer 0.5
4. dNTPs (1.25 mM) 3.2
5. PCR Buffer 10x 2.5
6. MgCl, (50mM) 0.75
7. Taq DNA pol (5U/ pl) 0.1
8. Distilled water 16.45
U3umss 25

wdaniutlnsu 185 ONA Tfnaannuuulnenseneasiseanaaunnia
905L5U (spectrum orange-dUTP) (Roche, Mannheim, Germany) a18388a NI1uaLady
(nick translation) (Morrison, Ramakrishnan, Ruffalo, & Wilber, 2002)
4.3.2 Wsululasuannalasi wseulnedBn15vee Kubat et al. (2008) wazin
28N IAYATINTIEUIUG 57 918 Cy3 laeuTem Sigma (St. Louis, MO, USA)
4.4 myvilauslaedy
401 lslulwuea onsduefulnsy vdn 185 rDNA fidumauss
1. thuriualasluvufuansazanevesunilesanududulosas 70 7
aamqdl 70 ssmwaidea 1Wuian 3 wdl
2. thunudladuudluansazarsueanesedmutududosay 70 Aidu
nigamnil -20 ssmwaldea 1unan 2 un
3. greukudalantuurluaiduieanagedamuiutusosay 95 way 100
padu fgamgiviesdduay 2 wiit enthudilviuisesnsnga
4. rarsazarelnsulslulanea a15wuedulnsu via 18S rDNA 14U
Unilgnngfi 80 earisaidoa Wutian 5 wiit Insdrunanvedngy sl 2.5 unlundu/
lulasans dleoslus Weosuilua (deionized formamide) AN USBEAY 50 LAy
asazauiandunsudainen (dextran sulphate) AuLULTUSDEAE 10
Ausewinetuneudt 1-3 fowiliudraondeutufutuneud 4)
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5. neamsavangInsuiignilifidsanin (denatured) asuudlad wén
Undenszantinalas mniuthlvaluiituesdinfigaungd 37 ssrniwaldoa

6. haladlutufiguvnd 37 esmwaidea Tufifladunm 2 $2lus il
asunanthwiudlaseenaniida udnhnszanlealaseonainunualas

7. nsanalnsudiwiueen tnsudluansazangnauluineudinsm
(1X SSC) Tigniligugauvindl 65 esmwaidea iuszezinan 5 uni

8. &awdualasluansazanslaindimsnaaslse 4 wh (6X) 7
samniiviesuazyhnsgnduna 5 undl

9. Auheenanwadaensinulusifureieanesodauuduey
av 70, 95 waz 100 MUY Sduay 2 uil udvaesluwidluiisia

10. doudalanmivansaransuatusung 20 lulasans Unalanaae
nsvandadlasenn Mntuilunseaeuiendenanssmingoaisaeus viaiiulundesiiu

a a IS
LENNDUNNN 4 DIANLYALTYE

442  Insululaswaninaladt ddunausail
1. dhusualadluvniuansazanevlesunalen 70% Ngumail 70 99
a =3 =1
Wwaled Wuan 3 U
2. thunualanuudluansazatsueanaged 70% Mudniigamall -20
= [~ =
peAAyd Wuan 2 Ui
3. frewkualanliwluafuLeanagad 95% waz 100% ANUa1aU 7
gaumagiiviesddivay 2 Wil At iuiseg1sIag
4. 1rarsazarglnsulalaswaninalan (CA)s, (GO)is, wae (CAT)yo U
1 a a a I3 =1 1 a o le/ [
Unlounll 80 esrnwal@ea Wutan 5 wil Inediunauvedinsy dasll 2.5 urlunsu/
lulasans Aleaslun Wasulug (deionized formamide) 50% warANTALAIUMUVNTUTALNA
(dextran sulphate) 10%
| b ~ o ° v v = % v v o ~
(Auszninadunaud 1-3 fesvinbikaltasansauiuiuiunaun 4)
5. weaasazaglnsuignyinliideanin (denatured) asuualan wd?
UarenszanUedlan Mndudlvaluiivunasianaumall 37 esrigada
6. idladluuuigmumall 37 esrmwalea Tundadunan 2 9309 e
asunankiudalaneananfila wartinszantaalansanannwaualan
7. yMnsadlnsudiuiuesn Wwewsluansazanewnay eney Sunsn
(1X SSC) Nignvinliguaamall 65 esrwaided Wuszeziian 5 wiil
8. auHualantuasaraelafeudnsnaaslse 4 win (4X) N
gaumgiiviesuarinmsiugnlunal 5w
9. AIUIBBNINLAAMIENISHIUIUAIRUYDILDANDEDR 70%, 95% WAy

100% PUARU ansuay 2 wil waaUassluwisluniia
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10. davdalanmisaisararswnlusuins 20 lulasans Unalannie
nszanlaalans? a]'1ﬂuuuwiﬂmaaaaumaﬂaaQWaaaLiaLsuum wiaiAulunaesiiuuasd
gl 4 saralTua

5 nsanunInlasulouLas NITIATIZINE
Asvavdy ey assuasuulaslulanlusdumisn Snnizaorlnuesaisay

yiaRugmen 8 winanguiluslulssmalveg AnviuTouieudnuaeniinszalenives
Lulasuavnalavivulasiuleuvesuan 13 8 viln



unil 4
NANISAN®II8

4.1 WUSANEASIZAUEE

foyadnuurnisdugiainelulafidnuia 8 wde wansddlunind 1 doyaius
anisziuiadUsznauieteyasuilasluleuinassd Swalasluleufiugiu uasle
4 vunalaslulen Tasluleuedomanefinuiumisuef Salownsuannsgm veslaslulay
Uanustazaiingail

4.1.1 ueslolnd wazdlownsuannsgiu vedlaslulouvesiainiung

Srunulaslilasfinaessvesuainiung whitu 50 S5umulaslilufiugiu wiiu 84
Ldnuanuunnivesdnvuglasiulausenitaneaguazineiily waslelndvsslainiung
Usznounae Taslulesusdanunieunsn-duunisunin-ozlaswunsn-mlalwunsn wiidu
18-10-10-12 wiis dlaslalan 2 awrnAe laslulanvuinlvg- 1u1Ana1e 31UIU 14-36 LS
Taslulsairdewuneveslalniung sensteudemaiawouduuuues nuinvainiuns
TasTulesdisliumisues 1 4 eguulaslulensiaduiumisuning? 12 nedwmisuesazed
vuusnaiidunudiedy dRlownsuvasainiuasiandlusUnuuLanasen N1sTREeenI
gilalastuley uazaunan sy (nwd 2)

ansunslolndluvainiuasfie 2n (diploid) 50 = L™, + L™ + L% + MM, + M, +
M + Mg

4.1.2 upslolny wazdlawnsuuinsgiu vedlaslulauveslandetiaiy

FrunleslulsuAnassdeesuandetisans wirtu 50 fuanleslulsufiugu
Wiy 94 linuauusndsvesdnyuglasiuloussnitaneguazineidy uastolndyasan
@otdvae Usenaumelaslulousdaunigunin-guunimunin-ozlasigun3n-mlagum
30 Wi 6-24-14-6 uvis Tlaslulen 3 auiade laslulanvuinlvegy- auinnats-vuindn
$1uU 32-8-10 wiit tastuleuipsomanevesUandetdiane denisdeudemaiinuaua
wuuues wuiandedisate flastuleniifsuniaues 1 4 eguulastulensdamnioum
3ng 1ImEJ(;T']Lmu'aua%%agujuuu%nmﬁlﬂumu%’m%u dlounsuveslainiuasuandly
sUuuuuanases MsdnBewnuvialasluley wazwamuaiu (nwil 3)

ansuaslolndluvandeteangfio 2n (diploid) 50 = L™ + Ly + L% + M, +

Ma6 + Saq + Stﬁ
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1.1.3 unslolnd wagdileunsuinnsgiuvedlasiulonvesUauniude

Sranlaslulsuinassdvesuaruindey wirfu 50 fsuaulasTulsuiiugu
Wity 66 ldnuanuuanaavesanvuglasiulauseninanegiavinadle waslotndvesual
Unwdey Useneuse Taslulsuwdaunieundn-Suunieunin-oslasaundn-wlaieun
30 Wiy 4-12-0-34 uiis flaslulan 3 vuiede laslulsuvuinlng - auinnale-auaLan
$1uan 14-36-2 wis TasTalaanpdesmneveslannidsy smenisdeudemaiauauiuuy
ue$ wuianndeu fMaslulesdddumioues 1 4 eguulasiluuiamlasuningd 9
Tneshumisuasazaguuuinadifunsudreen saleunsuvesuauinivasy wandluguuuy
wanaees NsdniFeanaialasiuley wasvuiamuddu (nnd 4)

gnsuaslelndluvanunidsudie 2n (diploid) 50 = L™ + L™ + LY + Mg + Misg
+SY

4.1.4 ueslolnd wazdalownsuansgiu vadlastuleuvesuarUnlinuine 1

Srunulaslulsufnassdvosuardnlinuanen wihiu 60 SdunulasTuleuiiugn
Wiy 100 ldnwuanuuandtsvesdnyuglasiuleussnitaunaguazinadly uaslolndues
YarUnlanuane1d Usznoume lastulgusdammigunin-dumigunsn-azlaswunin-
wilaunsn windu 12-14-14-20 wyis Jlastuloy 3 auinfe laslulouvuinlmg- vuianans
- quIndn $1uan 22-28-10 wis lasTulwanaSewneveslandnlanuingnn Fensdeusie
wadauauduuuues wuiandnliviuanenn Tashilsuifdumisues 1 4 oguulasiulay
yindumieuningi 8 IfﬂEJGlo’]LL%LiQ‘Ll@%"\]BEJEJUUU%L?EUV]IL‘TJULLGUU%NEQ?U dlounsuvasUan
Unlnnuwing1n wanslusuuuuieanassn n1sdnsesnuyialasluley uazvuianiuaiiy
(Al 5)

gasuaslelndlulanUnlaviinende 2n (diploid) 60 = L™ + L + L% + M™ +
M*™ + M% + M'yo + S'ig

4.1.5 upstalnd uazdilownsuunnsgiu vadlastuleuvasuanaiem

Sruulaslulsufnassduasandei wiiu 56 fwaulasiulauugi wiiy
100 linuanuunninsvesdnuuslasiuleussniranaguazimeady wastelndvasuariae
Usznounie 1AslulaustanunieunIn-gunisunin-aslaswunin-nlaiwunsn wiidu
18-20-6-12 vkt flaslulan 3 vuinde laslulanvwinlve- auianais-auialan $1uu 16-
28-12 uvis laslulauiadeamunevasuandinn fensdeumemadaunudiuuued wuii
Uanden Tlastulsudifsumisues 1 ¢ sguulaslulonvdaduiwmieuning? 10 lag
sunsuaiazeguuuinniiuuddy salounsuvesUandd uanduguuuuusnaosd
nsdniSewurinlasliley uazruianuddu (il 6)

ansunslolnylu Yanfe 2n (diploid) 56 = L™ + L + M™yg + M, + M

+ Stlz
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4.1.6 ueslolny wazdnlawnsuunsgiu vedlaslulauvasiainain

Srunulaslulasinaessvoslaiudda wiritu 56 Suanleslaleufiug whiu 8s
Ldnuanuuandisvesdnvuslasiulouseninanaguazinalle waslolndveslaiwdin
Usgnoume lasluleuvlawunieunsn-duinigunin-sglasiwunin-mlawunin wiidu
18-10-4-24 uvis flasluloy 3 auinde laslulouauinlve)- vuinnale-aulaEn S1uU 20-
30-6 wiia InsluloniaSosangvesatud i seonsdoudemadawouduuuues wuitan
uiTa Mashilsaifidumioues 1 ¢ eguulashiluuvdaduumiauningd 12 Tngsumis
uafaraguuuinaiidunuiedy silounsuvesuaudth wansuguiuunanassd ns
FnFoamuviialasiulon wazvupnuadu (nmil 7)

ansueslelndluvaniafie 2n (diploid) 56 = LMo + LM+ L% + L + M™s + Mg +
M2, + MY + S

4.1.7 wastalnl wazdhlounsuunsgiu vedlasiulenvesuainud

Frunulaslulsufnassdvosannud wihty 48 Suaulaslulsuiiugiu wihiu 90
Ldwuanuuanstaesdnwuzlasiuloussniraneguazineids uaslolndvesuaiqud
Usznaume laslulaurliaumiwunsn-duumiausn-sslaswun3n-mlawusn Wi 8-
20-12-8 uvis flaslulaw 3 auinde laslulewvunlug- auienate-vwiadn S1uau 12-34-2
wis Tashulmnasemsnevesuanud Memsdeusmemaiauauduuuues wuitanud
Taslulouiifsunaues 1 4 eguulastulsuviaumieuningd 1 lnodumiuesazeguy
vinaidunuiiedu sAlounsuvosannud wanslusuuuunenases n1sdnSeanuvin
Taslulay wagwuanua iy (A ni 8)

ansunslolnUluvaiquiifie 2n (diploid) 48 = L™, + L™ + L% + M™g + M, +
M2 + MY + S5

4.1.8 uedlelnd uardalounsuunsgiu veslaslulsuvesuausnusitlos

Uanusautiilvsdisuaulaslileuinasedviiu 48 uvis fswalaslilsuiiugiu
Wity 48 e wagmade ualolndusznoudielasiulsuauialugs1uau 18 uvs
laslulourunnanednuiu 30 wik kasyiialaslulouusenoumelasiulouyin wlaimunsn
g 18 Wit wazmlawuninawianans 30 uis nulasluleedemuneusnaieulng
desvedlaslulendi 15 Fudulaslilsusiamlnsuninuuinnas madlinuauuansis
vaagusalasiulouine Lagdilaunsuannsgumemalian1sdondiuusssun uazdouuuy
ues (il 9) Uausaushilvaiignsuaslelnd dsil

2n (48) = L'is + M'yg
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4.2 Wugenansiwagszaulanana

Inefinwimewmeiangoasisaus dudy leuslawdu ngldlnsulslulaueassiou
10 185 Insululasuaniiialas 91u2u 3 s LAKA d(CA)s, d(GO)is WA d(CAT), WANISANEYA
wuuanuasnudagavedlnsulsluluueasisidue 185 1 gassiuniaieaiunsdon
wauALUULDS sy dicas nutinaladesvedasluleumng vdinifouauns damse
Frufudaugailnsy dGO)s way dCAT), invunauisvedasiulouuagliavanogrmunugy
(n il 10) Yandetsanenuduginvesinsulsluleneasifidule 185 1 gnsaiums
Weatunsdeunauduuuues Insu dcass nuusnumladissvedaslulounng vieain
Foutiuria dudaigalngy dCaT, inumnuiunsanladlosvestaslulonunsuss daln
SU d(GO)s NuAsInTEaeTawisluuutaazusnamladesvedastulanuiws ((mi
11) Yannwasunudugiavednsulsluleueanisibuie 185 4 uwimswhuniaienfiv
nsffonnaudnuuues wasfindudn 2 wis asswuduvedastuleurdndumnsunin Tn
SU d(CA)s NuNFEMBTIILRNWLararauu iU nawladie fveslasTulsunnduay
Mauwvisenunsaeulnsidlosvosunaui drudaIalngu dGs AnunuLtuAsIUs
nansuwvikazivlafesua9laslulen Uiy wag dCAT), Wulldugruusnaumlaiiosvas
Ve (nndl 12) Yardnlinuanenudugramednsulsiulaueasiidue 185 1
AnssLrULAEITUNTEouLaUARUULDT INTU d(CA)s d(GC)s WAEIWTU d(CAT) 10 WUUTHIN
nanauwriskazinlalesvedlasiulounng uiazaunuIliuasIueuTIMveunlalesves
TasTulgaunaunia uisnawistululnsuudazsdn (nndl 13) Yanddmudugiamednsuls
Tulgneasisiduie 185 1 gassiuniufeatunisdounauduuuuss nsu dCAss was
d(GO)s WuvLLUusLisvadlasTulemFounng viedldfnamgasueulnades udlnsy
d(GC)s dnuprauasnuaranaInIndntios Saunnsnafudng alngyu dcaT), finsgateuns
q nansuisvastastulaamateuns wasnuwiunsanladesvedasiulonunsus ((md 14)
UauATmudagrnednsulsluleueanisidue 185 1 Aassiuninieiunisdouuaud
wuuues uaridmans Insu dcays wunsgeiavidlaslilauosunsg uaragauvuILy
psunlaflosveslaslulounnusis Fauandafudug 1alngy dGOs kag d(CAT), iny
wunudunsaladesvedasiulaudnlng visuvionudagastuidastalen (nd 15)
Uanudnudugramednsulslulsteasisidue 185 1 uvis asaiusuniaues daugiadn
U d(CA)s WA d(CAT) WUﬂizmaﬂ"aﬁgqLwiﬂﬂﬂﬂ%mmw@u' UAZFUYIUNUNTZTIBDI
dudau1ulnIu dGO)ss ﬁwumuﬂumsazawmLLﬁuﬁu’ﬂﬂﬂquﬁuaﬂﬂﬂuiszma'auimg'
(il 16) wazdausawhilvamudugramesdnsulsiulsueaiidue 185 1 ARSI
W UNITONLAUALUULDS JIgy 1dINTU d(CA)s, d(GO)is hag d(CAT)i HanwazAdye) Ay
wunszemlastilsauuasmnuuusinamestaslulsuyng (nmd 17)
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18S rDNA

AN 10 wnwlavesuainiune sagimnallangeaiisaud duay lauslawdu lagldlnsuls

Tuleueanisidure 185 Insululasuaniiialad 97U 3 Tnsu 1A dCA)s, d(GC)s WA
d(CA)1o
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A 11 wnlavesUandediae srewmaiangessisaiyud sudy lauslawdu Iagldln

sulslulsuoassiaute 18S Insululaswaviiialad 37U 3 Tnsu oA d(CA)s, d(GC)s WAy
d(CAT)o
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18S rDNA

AW 12 wninavesUanindey memedavgessisaud dudy leudlawdu lngldln

sulslulaueansidute 18S Insululasuanifialad 91w 3 Twsu TAlA d(CA)s, d(GO)is hae
d(CAT1o
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Al 13 lwniavesdanUnlinwing1n memallangeesisawus duay leuslawdu ag
Tinsulslulaneannsidue 185 nsululasueniiialad 91uau 3 Tnsu Town d(CALs, dGO)ss
Waz d(CAT1o
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AN 14 ununavesUaiim sremaliangeesisawud sudy leuslawdu lagldlnsuls

Tulesueanisidute 185 Insululasuaniialad 97u2u 3 Tnsu 1A dCA)s, d(GO)s WA
d(CAT1o
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AW 15 wnuareslanady memealiangeesisaisud dudy leutlawdu lngldlnsuls

Tuleueasisidure 18S wsululasuaniiialad 97u2u 3 Insu Tawn dCANs, d(GCO)s ha
d(CA)1o
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MWN 16 wnilavaslainud mewelavgessisawud sudy lauslawdu lngldlnsulslu
loueanisiowe 185 Insululasueviiialad 91u3u 3 nsu 1AwA d(CA)s, d(GO)s kg d(CAT)




38

AN 17 i iavesdaiusanaiuiles mgmatangeesisawud dudy leuslawdu lngly
Insulsluloweaeisiowe 185 Insululasuaniiialas $1uau 3 Tnsu 1o d(CA)s, dGO)1s
Waz d(CAT1o



unil 5
2Aius18 wazagUuNan1sANY

5.1 aAUs18NanIANE

5.1.1 srwaulasluleuinases stuaulasluleuiugiu wazueslelnd

Mnnsanuilasluleuvastarniuag Yandedieans varnwasy vandnlinuan
g1 Uandd Uaudi Uainud wasUausnusitlaes luadsimsdnuluvainldvuanen
Husrenuadusn nansfnvinuiivainiuns vandedrsans Yardinwasy d5iuau
Taslulgufnasyn (2n) Windu 50 Wis @onpassnuTissunsanwilasiulenvandetisans
LAZLEDENINTT VO Taki et al. (1977) Uarrnwdsufidanuilaes e ADUAND UWAEALY
(2550) LLauUmmqmiawaLﬂuﬂmaﬂammn‘uﬂmmum (5% oUANa Uag IWTes mnmu
2536) uLALANA9IINYAINILASTITIIUlae 559 Aouana LAz ITus uIneu (2536) 7
srenunilasiulenfnassiwiniy 48 uvis Uardnlnuuangniddiuiulasiuleuinaoss
(2n) Winfy 60 utts Fawnndsudamnaialuanadieaduddl Jari ddwaulasiulsud
Waoua (2n) M1AU 62 W4 (Magtoon and Donsakul, 2009) Ua1A19nsg524 A91u7u
laslulaufnasss (2n) Wiy 64 wie (53y neuana, 2539) wazUarvilnfidnwiulasiuleud
waowa (2n) 117U 92 Wi (Donsakul, 1992) Yaarsdaruiulasiulaufnases (2n)
WU 56 Wiie @eAAdBIiUTIEUYDITIY AoUANS (2539) WALANAIAUUAILAIUIIAIN
duULAY (2n=86: Rishi and Singh, 1983; Sharma and Tripathi, 1984) wazUsein Alne
(2n=88: 5% nouana, 2539) Yaruadrddnwiulasiulaudnaoud (2n) Windu 56 w9
#0ARADITUTIBNUVRIBITEN T98TT wazAe (2550) LazdenndadiulaluaAnIngnazUal
uAy Uanquaiiduulaslulouinased (2n) wiriu 48 uvis denanediusneaIuyesdsnsal
flavfey uaz easnan unussuves (2556) Uarwsausidrlusdisiundasluleuinasss (2n)
WU 48 UV @0AARINUII8IUYBY 51% Aaudna (2530) azfeaannnednulaiusn
§95UAN waTUAMIALAS (57U AauEng, 2530) (#1971971 3)

TasTulguitugiuvesuatniuns Yandedrsans daruinivdeu Yandnlanuinen
U Uaud$h Uainud uazausausiinlos Tunsinwedsiideiioudsuiunmeay
Aountin wuiiteslarunnlasu (55 ABUANS WazAMY, 2550) wazUatusauaitnlvs
(5% aouana, 2530) whiuiidsuaulaslulsufiugiumiifu dauvandn 6 vdafinde
fousinedidnouleslulsufnassduifuudsuoulasiulsufuguuandieiu (Taki et al,
1977; 57% mouana, 2530; Donsakul, 1992; 539 nauana wag W85 WINAY, 2536; 579
ABUEANG, 2539; §1¥ ABUANR WarAME, 2550; 93R381 39833 warAMe, 2550; Magtoon and
Donsakul, 2009; 3510581 ﬁwi’ﬁy LAY DAINAN LNUBDUNDY, 2556) AIULANAITIARTY
onfanng i dululddd Rannuuandrsiuuusvesdnuaslastulouszndnsading
Uszansnelurdafedniu wazniewmaianisnisulasiuleuililasiuleuauinfuluii
Tanaaouvialaslulsunaniedeuldusznouiulasiulouvarivunidn vieavgues
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ATALANAN9D19r sy T inTilaingaty uananidsidedunnnanfetardnlivuanem e
Wisuidisufuvaluanadisrfunuindsiuulaslilenfiugulndifdesiuuiiesdsiuom
Tashulgsfnasesfunnsnefuannin Aeilinseysnsliluatanafana

siialasTulualuueslolnivesainiuas Yandedats Yarinwasu varlnld
Mg Uanii Uaudt Uaqud Yseneuselaslulesiifassuvu (wniwuvin, duw
nwunin uazezlasiounin) warlaslulanrdafiduawden (mlawunin) G139 3) us
sgnalsinuiiaieuidisuiunenunounthil nuisuusiavedasiulsudssansie 9
wAnAN9nY (Taki et al, 1977; 53% Aoudana, 2530; Donsakul, 1992; 57% ABUANG LAY
WS UG, 2536; 5IY ABUANS, 2539; 5% ABUENA WArAMY, 2550; 93381 SIUTA way
AE, 2550; Magtoon and Donsakul, 2009; 3510581 ﬁwi’zy LA 9aINAA UWNUDBUNDY,
2556) AuuanANTAat Ut afiavguian 1. aauendisiunusnielusdaudsig
Uszwnstiu (hethsanauasinasi) avuduuusiudunamannisieTauinisves
TnsTuluiliAndaszunnanafuluudasusesng uenandeonainainnisnszduainilade
wndonfiuandsiu uagvie 2. Anuuandrsvesyialaslulsufiiniueraiaainnsld
narlunissuunlasTuleuunneniu duvausaudilvsusznoudelastlsminmlaw
un3n (Wawied) vavue Jsaenndesiussuvennieding Anvius uazuagh fu1dne
(2549) wags Ty Apuana (2530) Uanszmdle (in3eslng Anesius wazaand dandne, 2549;
YT UINFU LazAME, 2550; Supiwong et al., 2010) Uanseiune (nseslng anewus uaz
wanf f1undne, 2549) Uausausiiilas (5% nouana, 2530) wikanasaINUaILIALAS 393
laslulguvladuumigunin 2 uvia wagmlalwuvin 46 unia (539 aauana, 2530) Yaria
neld Fadylavosunoundn 14 uis Fummieunin 8 uvs sxlasiwunin 4 wis uaz
Wlalguvsn 16 Wi (sauna waveftun gassusng, 2555) Yarinduiilasiuleuyin 4 uis
FUINNTUNIN 8 W9 hazmlaiwunsn 30 wri Yardavialis dlasluleusiiaunieunsn 4
W FUIVRUNEN 4 uyie aElaTiaunsn 4 urie waznlawuvisn 22 wis GWes uneu way
AelE, 2550)

gInnsiasananyaziasle ndluvaiduunusazisdasnuinedlaiasiiiou 296
Uaua waznddause d9uulastuleulndifesiu wansdaniseysndvesinuiulaslulayd
wavsdlusduardanan uwilursdvanioseunuindanuuansimainnalsvessiuan
TaslulouAnasduazueslolndinniian dnvaefinaneradanuduiusunisnszaedives
g Aansdvaniesounsyaeiusluuvdnirfivernvats vissinendoiisundnii
FerdadudaiTinameiu (easnan unusewmes, 2550; Tsvgns aAnee, 2557)
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A19197 3 A1sAnwUTeuguRugAtansiwadlulataleuana Epalzeorhynchos,
Scaphognatops, Puntigrus, Bagarius, Kryptopterus, Wallago, Nandus W @& ¢

Osphronemus
Family/ Species l 2n | NF | Karyotype Ag-NORs | W LRPLIEN | 91994
2AUanziiNegu (Cyprinidae)
Uamsuedes (£ 50 74 20m+4sm+2a+24t - ne 510 AOUEANA
bicolor) uag s
Uanung 48 72 | 14m+10sm+8a+16t - ne UINFY
(Epalzeorhynchos (2536)
frenatum)
50 84 | 18m+10sm+10a+ 2 ne AsANYIASS
12t i
Uanthnideu 50 66 10m+6sm+34t - ng 51U pOUENa
(Scaphognatops AT AY
bandanensis) (2550)
50 66 4m+12sm+34t 2 ne AsANYIASS
i
Uandeguing (P. 50 98 22m+26sm/a+2t - LoLe Taki et al.
pentazona) (1977)
Uaded1eane 50 90 6m+34sm/a+10t 10138
(Puntigrus
partipentazona)
50 94 | 6m+24sm+14a+6t 2 ne msAnenAse
i
2AUAMA (Sisoridae)
UauAy (Bagarius 56 88 | 16m+16sm+da+20t - ne 992581 S98
suchus) 59 UavAMY
UauAre (8. 56 96 | 14m+20sm+6a+16t - ne (2550)
yarrell))
Uauaia (8 56 82 | 16m+10sm+2a+28t - ey
bagarius)
56 86 | 18m+10sm+4a+24t 2 ng MsAnEASs
i
sedvaifoseu (Siluridae)
Uainansesas 64 98 | 20m+10sm+4a+30t - ng 5% Aouana
(Kryptopterus (2539)

bicirrhis)

Janvla K 92 100 8mM+10sm+74t - e (Donsakul,
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cryptopterus) 1992)
YanUnlnivuanen 60 100 | 12m+14sm+1da+ ne A1SANEIAS
(K. limpok) 20t a
62 98 24m+12sm+26t ne Magtoon
Yai (K. and
macrocephalus) Donsakul
(2009)
Uade (Wallago 56 86 26m-+4sm-+26t ng 53% nowana
micropogon) (2539)
56 100 | 18m+20sm+6a+1 ne A1SANEIASS
2t b
86 104 | 12m+6sm+2a+66t dulie Rishi and
Singh (1983)
o 86 108 10m+12sm+8a+56t Uiy Sharma and
Jaanvn (Wallago . .
Tripathi
attu)
(1984)
88 | 110 | 16m+2sm+da+66t vy 53 nawana
(2539)
wAUaMud (Nandidae)
48 90 | 6m+22sm+1d4a+6t e 51050
- Naviey waz
Uanuy (Nandus
2aINan
oxyrhynchus)
LNUDDUND
(2556)
48 88 | 8m+20sm+12a+8t ne ANSANWIASY
U
239dUausn (Osphronemidae)
Uausn (0. goramy) | 98 48 48t e 5% Aouana
Yanusauaa (O. 48 50 2sm+46t ez A
L (2549)
laticlavius)
Uawsawsiinlug 48 48 48t
(Osphronemus
exodon)
48 48 48t ANSANYIASS
ne &

newie: 2n e lasluleudAnasen NF Ao Frudulastulauiiugiu m e lasluleuydaium

WUNSN, sm A ATl NYRATULLNIGUNSA a Ap Lasiulourineslaswunsn way t A
Taslulgusdamlalgunsn
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5.1.2 Tasluluanaseavang

Taslulsaia3omuefdunisuoivesuainiuns Yandedaats Jarinivdey
Uandnlanuinem Yandd Uaudta dannud wazdanusausdiluslunsinwadeiiy
seauusn Adnwilastuleslasmedanisdouuaviuuues Tnewuuanuasilaslulsuis
Fuviaues 1 ¢ eguulaslulouvdadumiauningd 12 lnosunauesazeguuuiinm
Hunwuiedy dandedrsaneilaslulvadidiumines 1 ¢ sguuleslulsusiammieunin
A 1 Ingiunisussazaguuuinaiiduudicdy varnudsuilaslulondfismunds
ue$ 1 ¢ sguulaslulsnvdamlawuningd 9 Tnesunimesazeguuusnauiduuaud
g17 YanUnlrivueemillasiulsuiifdumiouns 1 ¢ eguulaslulessiaduiumisuningd
8 Uanfanillasluleniiddumaues 1 ¢ eguulasiulouvdnduiumieuningi 10 Tng
fuwmisuaiareguuuinaifuurudiedy vawdfillasTuleuidiunioes 1 ¢ oguy
Tashilsuviaduamiguningd 12 Tassdumisesaveguutinaiduwniiedy vainud
flastulwaiidiumiouss 1 4 oguulastulonvdaumueunsngd 1 Tnosumisuesazoguy
vinuiduusudiedy uasUausaudinlod TasTulanadomneuinasulnndsfves
TasTalengd 15 Fadulashilsusidamlnewinuuanan mnsansAnwaznuiilasiily
doaefidiumisueslutansis 8 viia uffasiisuiu 1 gviriuisiuansatunsssiouas
aluusiazvda Woisuidisufunenunoumihiluuaedadulusdientu fmuiseny
e 3 wdwhduiidnulpemedanisdesduuuues Wun wdvameziioy T5uuuaneis
FUBINA 2-8 LY (Arai, 2011, Supiwong et al., 2012a; Chaiyasan et al., 2018) 19dUan
dledeu f51891umsAnutulataguns (Gomonteir et al., 2023) wazdantnidu (Supiwong
et al, 2012b) WuTTIWIUULT 1 @ Wwasaviladsaenadesiulartnlitazuandnd uas
2AvaIndalsanuiies 1 vdia fe Uainsehnde Tne Supiwong et al. (2010) wuind
Muvtisvesus 2 s sgunlaslulougi 2 Tnswuisumiswuduuatsanlndiumla
Sefvedaslilsueiamlawuvinuwielng 2 wis Sauansneiunsinuasel

5.1.3 WugAansadseauluana

nsAnuadiiifussnusfusnidnenludainiuns Yandedneans varan
Wasy Yarlnlanuinens ande danudth vainud wazatusausinlos lnemede
Waeasisawud dudy lauslawdu lagldnsulslulauea 185 nsululasuaniiialad (CA);s,
(GQO)y5 wag (CAT) wan1sAnwInuINdaey1alnsulslulauea 185 Tutaia 8 wiia unudy
UanUnwasy nudugia 2 wis assiundafesfuwisifives nanisAnwiasandesiu
1AUaINA Uauvea (Supiwong et al., 2014) 29dUa1an (Maneechot et al., 2015) Uaide
V\iu{f’l (Supiwong et al., 2017) Tuvanuniasudiny @ sunus ﬁ?ummﬁmmﬁﬂﬂaﬂm
yiadftudmivadslsiulausiuan 4 uis widuldvhaundeusunnuisilidensnaey
Tnensdanuaudnuuuasnsiadaulinu n1snseanesvedlulasueniialanuulasialauly
Uaudazviailanwazuanareiuidudnvaseniydueia nsulalasueniialad (CA)s
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sUwvunsnsEeiafianssadangulésed 1 luvanunuazuandethsans dnunszany
AaagauruIkuunsanlalllesuomnnune 2. Uamniwdsu vande wazUaiudia iny
nszefmuuieuiaiuasmlalaflosvomnunis 3. vardnlduuinen uazdangud
WuNSE1EUN 9 wazavaumukiuluuiwiinsanlades 4. Uausawitilas nunszane
MRUUABUNNLYIY Lavavauunasinaawianate s lasluey dmsulnsululasugniia
a6t (6O)ys TgUuvumanszaneafiannsadandulésed 1. luvaniuas Yardnlavuane
wazUausaugilg inunszaresians Lifavauiiuidawimislasanis 2. vande
Hr9a1 Yarnivdsu dadndn Uaudi uazdaigud wudugnanszaenuiuiuias
avauluvrwianuda Insululaswaniialas (CAT;o ﬁgﬂLLUUmiﬂizmaﬁ’aﬁmmm%’mﬂdm
geradl 1. Yannuae Yandedhsans uarUa1nnd wudag s 9 2. arndsy Jand
A1 wazUaiuAin nudagrudzauruinduluuiuisegiaautea 3. YanUnlanuangn
NUFUYIUNTTILNBUN NN SLazrURUULINATUNnladles 4. Yausausitlag finns
nIzAgAIuILiuNaunnLialazazaneg1aInasInalsisvedlastuloy JULuuns
nszarefivedlulaswemialasuulasluleuvesainszaeianedlunuaznuiuiuas du
Ushaawelslasuniuvsnamlades wavwulnades aaeq dulaivaiesia name
USaeulnsiiies (Lanfredi et al., 2001; Martins, 2007; Canapa et al., 2002; Oliveira
and Wright, 1998; Mazzuchelli and Martins, 2009; Sola and Gornung, 2001; Reed and
Phillips, 1995; Garrido-Ramos et al., 1994; Elgar et al., 1999) UN%ﬁﬂQﬂWUﬁU%mmmia
\{les (Vanzela et al, 2002; Hatanaka et al., 2002) unswiiagnnuusialashlaunalulan
(Cioffi and Bertollo, 2012)

5.2 ayUnanIsAne
nsfnwiugaanfwadsedulianavesUaasnuiaiugmeinaingu iy
UszwAlvesiunu 8 wia laud Yarnuns Yandednsans Yarundeu YanUnlinuanen
Jandii Uaudta vannud wogtausautinlug Tns@nsndemeiianisdounuussaun
wazhauvduwvvuesuasAnwniewmaia FISH lagldlnsu lslulouea 18S lulasuaniialas
d(CA)s, d(GO)s, waz d(CAT)y, vilastalealutanfidnen nan1sAnewnuinvan 8 win Taun
Uarnuas dandeteans varundsu vartnlinuane vande vaudth dannud
wazvausausitinles fswaulasluloufnasedivindu 50, 50, 50, 60, 56, 56, 48 uay 48
W9 AIUANY ﬁi’mauiﬂﬂﬂ%uﬁugmwhﬁu 84, 94, 66, 100, 100, 88, 88 uay 48 AIUAINU
ansunilolniluuanits 8 wlafidsd Uarniunsie 2n (diploid) 50 = L™, + L™ + L% +
M, + M, + M% + Mg %38 18m + 10sm + 10a + 12t Yaded19a1eme 2n (diploid)
50 = LM + LMy + L% + M, + M% + S% + S% %58 6m + 24sm + 1da + 6t Yanuan
WasuAe 2n (diploid) 50 = L™ + LM + L% + M4 + M5 + S% %158 4m + 12sm + 34t
YarUnlavuinenide 2n (diploid) 60 = LM + LM + L% + M™q + M + M% + Mo +
Sty #3812m + 14sm + 1da + 20t UantA1sn@e 2n (diploid) 56 = L™ + My + L™ +
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M, + M% + S 50 18m + 20sm + 6a + 12t Ua1i1@8 2n (diploid) 56 =
L™ 10+l M6+ L o+ Lo Mgt M g+ M+ M 645 9130 18m + 10sm + da + 24t Uanudife 2n
(diploid) 48 = L™, + LM + L% + M™s + M™y, + Mg + MY + S, %38 8m + 20sm + 12a
+ 8t tazUauwsawiiloshe 2n (diploid) 48 = L'+ MY, %30 48t

laslulzaesomngdmurisuasiulamns 8 vlla wudiuau 1 ausandsiuluusdas

A o & ¢ Aa o ' s i 1 a o a aa
yiln fatl Yanuas flasluleunddunies 1 ¢ eguulasiulsuyiaduamnsuningn 12
Tngdumiuesazaguuuinanduweudiedy vandedany Jleastulouiddumiues 1 g
sguulastulauvdaumisuningd 1 lnesunisussazeguuudnaimduuaudisdu yan
Unideu dlastulauiilsuniaues 1 g eguulaslulauyiamlawuningn 9 lngsiunus
s 1 a A & v = i i Aa o 1 ¢ ! |
wesavaguuuInandukeutien Yartnlavuing1n dlasluleunddumiaues 1 ¢ eguu
lasluleuvdadunisuningn 8 Yanae dlasluleuniddumiaues 1 ¢ sguulasiuley
giaduneuningi 10 lnesuwnuiuesazaguuusnaidusaud1edu Yawmadn 3
laslulguidlsinuviaues 1 ¢ eguulasiulawriiaduumiwuningn 12 lngduntesazey
a A & ) N a Aa o ' s ! | a
vuushnafiluiutedy Yanud dlaslulouiddumiaues 1 ¢ sguulasiuleuyiaumig
wn3ngh 1 lnedunisuesareguuuinaimduvudidu wasdawsauiiilveiilastulay
d‘ a a6 Tal = a a

iwwsewnguInagulnsdlesvedlasiuleudn 15 Fudulasluleuvdamlniwuninvuinnans
waznaaInn1sAnwInewmaila FISH aslnsulslulauea 18S lulasuaviiialad d(CA)s,
d(GQ)ss, way d(CAT)yo vulaslulay wudyeayradnsulslulgusa 185 wu 2 duwnus snviulu
Yanurnasunu 4 sunils dyralnsululasiendialas Tuvaivs 8 sllanunszane
nuiupssusnaamelslasuukaziiendnualianziilusdasyia Yaraienusiaiug
wgnanguilaaiiuau 8 viia ligniiansanudrindueianfidnaninlunsiauisdesen
TusuaaiiowaundularassundauddaasidalmivesUssnalng uidelusuianly
nsAnwIsoren taun AnwiuSeulisuTeAuUszaInTaInate s wias Anwteaniaelaln
sulslasueniialadeiindu o Wiy wazdnwiluszduibuevesuans 8 viln uagfnwn
Uawiindu o iudluisdifensiuuaims 8 wia
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1. NITAIBUAITANFINIUIYN Pretreatment
Tunsnaseuiuiunazsuiwedlaslulanazidenwadluszezumaiiesnin
seoril TasTulvamndusnniigauasiiudnuny lddaay iloausaiuienvadlusveziam
wlads nandefeuharsailuldfiedufinsadanslealumadadudunounis i
pretreatmentyilfiwaafimadanisutsimgmeglussozumunaisesns arsediiliinane
¥in Wy Wssu landendaiuludy, wislaraslsiwudulaslraddu
1.1 1ea%Fu ANty 0.01 % lasula/Usuins (w/Av) 9112w 10 ml
Winsew w3suldlnenstalaaddu 0.001 ¢ avarslutudrusudsunstila 10 ml
nulilunasniunseddaaiuuas

2. ANSIASENANSIANAIVSURTIYAA (fixation)
11871R39@NINaa ke aaAsEN MR BUS L ANS A NARAISIASeu T waY

a

W 90 Tun1sneaessilidenldCamoy’s solution FaildrunansenInaunuaLtudu:nsnasd
an Wutulugnsdu 3:1 mawseuaisvihludgaaaiuienudasnds Wewinnsaesdand
nau auaraludunseseszuunmuiumelale
2.1 Yg1msaead (fixative) UsUNes 100 Nadans (ml)
= = a 1 a aa a
PRIt RISE W38 LA LAENANTEUNINWUNIUBAUSUINT 75 ml kaznInesdRnUSuIng 25

ml Yo eharnduiiludlugvianudu

3. N15LM38Y Sorensen buffer
a15LALN bR el

- Stock solution B 14 NaHPO, 9.5 n3u azanglurindu 1,000 fiadans
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Abstract: The catfish family Siluridae contains 107 described species distributed in Asia, but with
some distributed in Europe. In this study, karyotypes and other chromosomal characteristics of

15 species from eight genera were examined using conventional and molecular cytogenetic protocols.

Our results showed the diploid number (217) to be highly divergent among species, ranging from
2n = 40 to 92, with the modal frequency comprising 56 to 64 chromosomes. Accordingly, the ratio
of uni- and bi-armed chromosomes is also highly variable, thus suggesting extensive chromosomal
rearrangements. Only one chromosome pair bearing major rDNA sites occurs in most species, except
for Wallago micropogon, Ompok siluroides, and Kryptoterus giminus with two; and Silurichthys phaiosoma
with five such pairs. In contrast, chromosomes bearing 55 rDNA sites range from one to as high as
nine pairs among the species. Comparative genomic hybridization (CGH) experiments evidenced
large genomic divergence, even between congeneric species. As a whole, we conclude that karyotype
features and chromosomal diversity of the silurid catfishes are unusually extensive, but parallel some
other catfish lineages and primary freshwater fish groups, thus making silurids an important model
for investigating the evolutionary dynamics of fish chromosomes.

Int. J. Mol. Sci. 2019, 20, 3545; doi: 10.3390/ijms20143545 www.mdpi.com/journal/ijms
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1. Introduction

The family Siluridae is a lineage of freshwater catfishes widely distributed through Eurasia, but
with the highest diversity in South and Southeast Asia [1]. It comprises 107 recognized species [2],
some of them also distributed in temperate regions, such as Silurus glanis, S. aristotelis, S. soldatooi,
and S. asotus [3-7]. The phylogenetic position of this family remains not well resolved [8-13], although
morphological and molecular data have confirmed its monophyletic status within Siluriformes [3,8,9].

Siluridae catfishes represent one of the most interesting fish groups from a 21 evolutionary point of
view, owing to their wide distribution, unique ecological niche, and known evolutionary trajectory [7].
Siluridae includes one of the largest freshwater fish species—Silurus glanis—which commonly reaches
2 m in size and over 300 kg in weight [14], and is highly valued in the food market [15]. Several other
species, such as Micronema cheveyi, Phalaconotus apogon, P. bleekeri, Wallago attu, and W. micropogon,
also comprise important food sources [16] or are ornamental fishes, like the glass catfish Kryptopterus
bicirrhis [17].

Cytogenetic studies have proven useful to discover and explore cryptic biodiversity in a number
of fish groups [18]. Particularly, in complex and ecologically diverse fish groups, cytogenetic studies
have made important contributions to elucidate the evolutionary pathways of distinct fish groups,
owing to their particular chromosomal and genomic characteristics [19]. In fact, these approaches can
reveal a set of characters usually not accessible by other research methods, thus refining evolutionary
investigations [19,20]. Particularly, repetitive DNA sequences, which constitute the major component
of the eukaryotic genome, have enormous potential for expanding the knowledge of karyotype
differentiation [21]. In addition, the recent use of the comparative genomic hybridization (CGH) has
allowed deeper analyses of fish genome organization at the chromosomal level by comparing closely
related species [22-25].

Among the silurid catfishes, chromosomal studies are often restricted to conventional protocols to
determine the diploid number (217) and karyotype composition. Molecular cytogenetic approaches
(e.g., chromosomal mapping of rDNA sequences) have been done in only two species of the genus
Ompok [26]. Up to date, only 24 species from 8 of the 13 recognized genera had been cytogenetically
examined (Table 1). The overall data show that the chromosome number varies from 2n = 28 in Silurus
microdorsalis [27] to 2n = 92 in Kryptopterus cryptopterus [28].

Here, we add new chromosomal data for several silurid species from different genera, some of them
analyzed for the first time, as well as others re-analyzed by different procedures (Table 1). We aimed to
assess their karyotype structure, IDNA distribution, and interspecific genomic divergences through
CGH experiments. The results added new informative characters useful in comparative genomics at
the chromosomal level and highlighted extensive karyotype diversity among the analyzed species.

Table 1. Review of cytogenetic data in the family Siluridae. The species now analyzed are highlighted.

Species Locality 2n NF Karyotype NORs/18S rDNA Reference

Belodontichthys truncatus Thailand 62 100 20m+10sm+8st+24a - [29]
B. truncatus Thailand 62 112 14m+30sm+6a+12t 2 [30]

B. truncatus Thailand 62 106 14m+30sm+18st/a 2 Present work
Kryptopterus bicirrhis SE Asia 60 - - - [31]
K. bicirrhis Thailand 64 98 20m+10sm+4st+30a - [29]

K. bicirrhis Thailand 64 96 14m+18sm+32st/a 2 Present work
K. eryptopterus Thailand 92 110 8m+10st+74a - [28]

K. geminus Thailand 92 102 6m+4sm+82st/a 4 Present work

K. limpok Thailand 60 86 12m+14sm+34st/a 2 Present work
K. macrocephalus Thailand 62 98 24m+12sm+26a - [32]

K. macrocephalus Thailand 62 72 4m+6sm+52stfa 2 Present work
Micronema cheveyi Thailand 78 96 4m+6sm+10a+58t 2 [30]
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Table 1. Cont.
Species Locality 21 NF Karyotype NORs/18S rDNA Reference
M. cheveyi Thailand 78 96 4Am+6sm+10a+58t 2 [33]
M. cheveyi Thailand 78 88 4m-+6sm+68st/a 2 Present work
Ompok bimaculatus India 42 72 18m+12sm+12a (F) XX - [34]
O. bimaculatus India 41 70 17m+12sm+12a (M) XY - [34]
O. bimaculatus India 42 72 6m+24sm+12a (F) 2 [35]
O. bimaculatus India 41 70 5m+24sm-+12a (M) 2 [35]
O. bimaculatus India 42 68 12m+14sm+16a/t - [36]
O. bimaculatus India 54 102 l6m+26sm+6a+6t 2 [26]
O. bimaculatus Thailand 50 90 14m+20sm+6a+10t 2 [37]
O. fumidus Thailand 60 82 20m+2sm+2st+36a - [32]
O. fumidus Thailand 64 88 10m-+10sm+44st/a 2 Present work
O. pabda India 54 100 28m+10sm+8st+8a - [38]
O. pabda India 42 - - - [39]
O. pabda India 42 68 12m+14sm+16a/t - [36]
O. pabda India 42 84 26m+10sm+b6a 2 [26]
O. pabo India 54 102 36m+12sm+6a - [40]
O. siluriodes Thailand 50 88 34m+2sm+2st+12a - [28]
Q. siluriodes Thailand 50 9 20m+22sm+4a+4t 2 [30]
O. siluriodes Thailand 50 92 20m+22sm+8stfa 4 Present work
Phalacronotus apogon Thailand 64 108 18m+20sm+6a+20t 2 [41]
P. apogon Thailand 64 102 18m+20sm-+26st/a 2 Present work
P. bleekeri Thailand 64 92 20m+6sm+2st+36a - [28]
P. bleekeri Thailand 64 106 14m+22sm+6a+22t 2 [33]
P. bleekeri Thailand 64 102 18m+20sm+26st/a 2 Present work
Silurichthys phaiosoma Thailand 40 46 2m+4sm+8st+26a - [32]
S. phaiosona Thailand 40 42 2m+38st/a 10 Present work
S. schneideri Thailand 40 50 6m+4sm+4st+26a - [32]
Silurus aristotelis Greece 58 116 30m+20sm+8st - [42]
Si. aristotelis Greece 58 102 20m+24sm+14st/a 2 [43]
Si. aristotelis Czech 58 104 22m+24sm+12st/a 2 Present work
Si. asofus - 58 - 58t - [44]
Si. asotus Japan 58 104 38m/sm+8st+12a - [45]
Si. asotus Japan 58 104 46m/sm+12st/a 2 [46]
Si. asotus Japan 58 102 44m/sm+14st/a - [47 48]
Si. asotus Korea 58 106 24m+24sm+10st/a - [49]
Si. asotus China 58 102 20m+24sm+10st+4a - [50-52]
Si. asotus China 58 98 20m+14sm+6st+18a 2 [53,54]
Si. asotus Mongolia 58 - 42m/sm+16st/a - [27]
Si. asotus Korea 58 106 - - [55]
Si. asotus China 58 112 20m+24sm+10st+4a - [56]
Si. biwaensis Japan 58 102 44m/sm+14st/a - [47]
Si. glanis - 60 100 40m/sm/st+20a - [57
Si. glanis - 60 100 40m/sm+20a - [58]
Si. glanis Czech 60 120 28m+26sm+6st - [59]
Si. glanis - 60 98 38m/sm+22a - [60]
Si. glanis Serbia 60 94 lom+18sm+14st+12a [61]
Si. glanis Russia 60 110 18m-+32sm/st+10a - [62]
Si. glanis Serbia 48 78 30m/sm+18st/a - [63]
Si. glanis Czech 60 120 22m+38sm/st 2 [64]
Si. glanis Czech 60 106 22m+24sm-+14st/a 2 Present work
Si. lithophilus Japan 58 102 44m/sm-+14st/a - [47]
Si. lithophilus China 58 98 20m+20sm+18st/a - [50]
Si. meridionalis China 58 112 20m+20sm+14st+4a - [50-52]
Si.. meridionalis Korea 60 106 22m+24sm+12st/a+2 - [49]
microchromosomes
Si. microdorsalis Korea 28 56 12m+14sm+2st - [27]
Si. soldatooi China 58 112 24m+16sm+14st+4a - [65]
Wallago attu India 86 106 12m+6sm+2st+66a [66]
W. attu India 86 116 10m+12sm+8st+56a - [67]
W. attu Thailand 88 110 l6m+2sm+4st+66a - [29]
W. attu Thailand 88 108 6m+b6sm+8a+68t 2 [30]
W. attu Thailand 88 100 6m+6sm+76st/a 2 Present work
W. micropogon Thailand 56 86 26m+4sm+26a - [29]
W. micropogon Thailand 56 100 18m+20sm+6a+12t 2 [30]
W. micropogon Thailand 56 94 18m+20sm+18st/a 4 Present work

NF = fundamental number; 21 = diploid number; M = male; F = female; and NOR = nucleolar organizer region.
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2. Results

2.1. Standard Karyotypes

62

40f18

The diploid number of the 15 species analyzed varied from 40 (Silurichthys phaiosoma) to 92
chromosomes (Kryptopterus giminus). Substantial 21 variation occurs even among congeneric species.
The only exception was observed for both Phalacronotus species, P. apogon, and P. bleekeri, which shared
the same 211 and karyotype structures (i.e., 21 = 64, 9Im+10sm+13st/a). In all species, no numerical or
structural polymorphism between the sexes was observed, thus there was no evidence of differentiated
sex chromosomes (Figures 1 and 2).
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Figure 1. Karyotypes of Belodontichthys truncates (1); Kryptopterus bicirrhis (2); Kryptopterus geminus (3);
Kryptopterus limpok (4); Kryptopterus macrocephalus (5); Micronema cheveyi (6); Ompok fumidus (7); and
Ompok siluroides (8) arranged following Giemsa-staining. Bar = 5 um.
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Figure 2. Karyotypes of Phalacronotus apogon (9); Phalacronotus bleekeri (10); Silurichthys phaiosoma
(11); Wallago attu (12); Wallago micropogon (13); Silurus aristotelis (14); and Silurus glanis (15) arranged
following Giemsa-staining. Bar = 5 um.

2.2. Fluorescence In Situ Hybridization (FISH)-Mapping

The 185 rDNA probe hybridized to only one chromosomal pair in most species, namely B. truncates,
K. limpok, K. macrocephalus, M. cheveyi, O. fumidus, P. apogon, P. bleekeri, and W. attu. This site is located
in the subtelomeric/telomeric region of the short arms of that chromosome pair in all species, except for
K. bicirrhis, in which it is located in the telomeric region of the long arms. Exceptions for this frequent
pattern are K. geminus, O. siluroides, and W. micropogon, in which two chromosome pairs bear 185 rDNA
genes and S. phaiosoma with five chromosome pairs (Figures 3-5).

In contrast, the 55 rDNA sites showed a large variation in distribution, ranging from one
chromosome pair in K. limpok, O. fumidus, O. siluroides, W. attu, and W. micropogon, up to six pairs in
K. geminus, B. truncates, M. cheveyi, and S. phaiosoma. In addition, four other species had remarkably
increased numbers of chromosomes displaying such sites, namely K. bicirrhis and K. macrocephalus
with eight, and P. apogon and P. bleekeri with nine chromosome pairs (Figures 3-5). Fluorescence in
situ hybridization (FISH) using the (TTAGGG), telomeric probe revealed hybridization signals on
telomeres of all chromosomes of S. phaiosoma (Figure S1).
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Figure 3. Karyotypes of Belodontichthys truncates (1); Kryptopterus bicirrhis (2); Kryptopterus geminus (3);
Kryptopterus limpok (4); Kryptopterus macrocephalus (5); Micronema cheveyi (6); Ompok fumidus (7); and
Ompok siluroides (8) arranged from chromosomes after double-fluorescence in situ hybridization (FISH)
with 55 rDNA (red) and 18S rDNA (green) probes. Bar = 5 pum.

64



it. . Mol. Sci. 2019, 20, 3545

65

70f18

Figure 4. Karyotypes of Phalacronotus apogon (9); Phalacronotus bleckeri (10); Silurichthys phaiosoma
(11); Wallago attu (12); Wallago micropogon (13); Silurus aristotelis (14); and Silurus glanis (15) arranged
from chromosomes after double-FISH with 55 rDNA (red) and 185 rDNA (green) probes (except for

S. aristotelis, where only 185 rDNA is indicated). Bar = 5 pm.
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Figure 5. Representative idiograms of Belodontichthys truncates (1); Kryptopterus bicirrhis (2); Kryptopterus

giminus (3); Kryptopterus limpok (4); Kryptopterus microcephalus (5); Micronema cheveyi (6); Ompok funtidus
(7); Ompok siluroides (8); Phalacronotus apogon (9); Phalacronotus bleekeri (10); Silurichthys phaiosoma (11);

Wallago attu (12); Wallago micropogon (13);

Silurus aristotelis (14); and Silurus glanis (15), showing the

distribution of the 55 (red) and 18S (green) rDNA sites on the respective chromosomes (except for
S. aristotelis, where only 185 rDNA is indicated).
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2.3. Comparative Genomic Hybridization (CGH)

CGH experiments employing the gDNA of Kryptopterus (K. geminus x K. limpok) and Wallago

(W. attu x W. micropogon) indicated a large genomic divergence between the congeneric species.

Specifically, K. geminus and W. attu exhibited many hybridization sites in the centromeric and terminal
chromosomal regions when their own gDNA probes were hybridized against their chromosomal
background. However, the K. limpok and W. micropogon gDNA probes produced only some weak

terminal signals when hybridized against the K. geminus and W. attu chromosomes, respectively.

In contrast, the Phalacronotus species (P. bleekeri and P. apogon) showed a significant shared repetitive
content (Figure 6).

Figure 6. Metaphase chromosome spreads of Kryptopterus geminus (a-d), Wallago attu (e-h), and

Phalacronotus bleekeri (i-1) after comparative genomic hybridization (CGH) procedures. Male-derived
genomic probes from K. geminus and K. limpok were hybridized together against male chromosomes
of K. geminus (a—d). Male-derived genomic probes from W. attu and W. micropogon were hybridized
together against male chromosomes of W. attu (e-h). Male-derived genomic probes from P. bleckeri
and P. apogon were hybridized together against male chromosomes of P. bleekeri (i-1). First column
(a,e,i): DAPI images (blue). Second column (b,f,j): hybridization pattern using K. geminus (b), W.
attu (f), and P. bleckeri (j) gDNA probes (red). Third column (c,g k): hybridization pattern using K.
limpok (c), W. micropogon (g), and P. apogon (k) gDNA probes (green). Fourth column (d,h,1): merged
images of both genomic probes and DAPI staining. The shared genomic regions are depicted in yellow.
Bar =5 pum.

3. Discussion

The comparison of cytogenetic data for silurid species uncovered a large genomic diversification.

This has been highlighted by some published data (Table 1), as well as here by highly diversified
2n, karyotype structures, numbers, and positions of ribosomal genes, and likely also by genomic
differentiation, as preliminarily demonstrated by CGH experiments. The review of available
cytotaxonomic data indicated a remarkable karyotype diversity, where the 21 number ranges from 28
in S. microdorsalis to 92 in Kryptopterus cryptopterus and K. geminus (Table 1). Oliveira and Gosztonyi [68]
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suggested that 211 = 56 corresponds to the typical number of chromosomes for Siluriformes, as this
same number is found in Diplomystes, a sister group of all extant Siluriformes [69], in addition to
2n = 54-58 being the most frequent pattern among siluriform catfishes. The extensive numerical
variation of the chromosome number, both below and far above the supposedly basal 21, as well as the
rate of bi-armed chromosomes in the karyotypes, indicate that a diversified number of rearrangements
including fissions, fusions, and inversions may have acted to give rise to karyotypic diversity noticed
in this family.

What could have driven the extensive karyotype diversification among silurid species?

Itis widely known that karyotype diversification relates to speciation processes [70-72], sometimes
with repetitive DNAs acting as primary driving forces (reviewed in the work of [73]). The mapping
of repetitive sequences, especially ribosomal genes, has proven useful for estimating evolutionary
karyotype changes [74]. Although rDNAs represent conservative elements of the eukaryotic genomes,
recent studies have shown that the dynamism of the rDNA clusters is strongly related to significant
intragenomic diversification [21,75-81]. Accordingly, IDNA elements showed remarkable differences
among silurid species, especially regarding the high variability in the number and position of the 55
rDNA sites as compared with the more stable pattern of the 185 rDNA sites.

Extensive chromosomal variability of 55 rDNA loci also has been described for several other fish
groups ([21,22,79,82]; for review, see the work of [74]). A question that arises is whether the dispersion
of this rDNA class would be a byproduct of genomic/chromosomal changes. However, the absence of a
direct correlation between higher 21n numbers and amplification and dispersion of the 55 rDNA clusters
is an indication that this rDNA class was not the unique trigger for the chromosomal rearrangements
occurring among the respective silurid species. In this sense, an alternative and attractive hypothesis
refers to the action of transposable elements. Indeed, in several species, a significant fraction of the
rDNA units is interrupted by transposable elements (TEs) highly specialized for insertions [82-86].
In some cases, TEs have been postulated to play a decisive role in spreading rDNA sequences over
the genome [22,23,82]. Remarkably, structural changes in the location of rDNAs also could be linked
with speciation events. In the sister salmonid species, Coregonus albula and C. fontanae, ecological
speciation was directly associated with the spreading of rDNA sites, affecting recombination rates in
both genomes [22]. Tt is known that multiple rDNA insertions in new genomic regions may create
“hot spots” that promote chromosome rearrangements, representing a pathway for rapid genome
reorganization during speciation (reviewed in the work of [84]). Nevertheless, up to now, we have no
data concerning TEs among silurid species, which will be the goal of further investigations to assess
this hypothesis. Besides, it is known that a variety of teleost lineages have undergone one or more
rounds of independent whole-genome duplications (WGDs), which are among the most important
evolutionary events occurring in fish species [18]. Although there is no direct indicative that silurids
analyzed here have experienced WDG events, we cannot exclude the potential role of this process in
the high genomic/chromosomal divergence observed.

The available data for silurids allow us to recognize three particular patterns in relation to the 2n
numbers and karyotype structures that they present: (i) congeneric species that are highly divergent,
as observed in Kryptopterus and Wallago species; (ii) congeneric species that share similar features,
as represented by the two Phalacronotits species, P. apogon, and P. bleekeri; and (iii) particular species
displaying a significantly lower chromosome number compared with the other species, as observed
in S. phaiosoma. For the latter, although multiple chromosomal fusions would be expected to be
related, no interstitial telomeric sequences (ITS) were observed (Figure S1). However, this does
not definitely refute the possibility that fusion events occurred during karyotypic diversification,
as losses of telomeric sequences can occur after such rearrangements, leading to gradual shortening of
non-functional telomeric arrays [87-89].

Regarding the first two above-mentioned scenarios, we performed CGH experiments in order
to assess whether they are linked with the repetitive DNA content. The remarkable chromosomal
dynamism in both Kryptopterus and Wallago species corresponds with an extensive variation of their
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repetitive DNA content, as demonstrated by a range of non-overlapping species-specific signals
revealing an advanced stage of sequence divergence among their genomes (Figure 7). In fact, such
repetitive DNA differentiations occurred concomitantly with 2n and structural changes in karyotypes.
In contrast, no substantial variation of repetitive DNA content was found among the Phalacronotus
species, where the hybridization of both gDNAs produced no species-specific signal amplifications
(Figure 6). In these species, karyotypic changes were markedly reduced. As repetitive DNAs are highly
abundant in eukaryotic genomes and display faster evolutionary rates [19,90,91], their role as the main
factor in promoting karyotype rearrangements has been extensively investigated. Several reports
have evidenced huge inter-population variations of this genomic fraction, promoting biodiversity and
possibly linked with ongoing speciation and differentiation of sex-specific regions [24,92-95].

Other siluriform groups also experienced massive karyotype differentiation. Clarias species
(Clariidae), for example, display a large range of 211 number, from 48 to 104 [79,96], in some cases
also including polyploidization and interspecific hybridization events. In C. batrachus (2n = 104),
a surprising spread of the 55 rDNA sequences over 27 chromosomal pairs occurs, directly linked with
multiple centric fissions [79]. In addition, some other siluriform lineages experienced large karyotypic
differentiation such as Callichthyidae, Loricariidae, and Trichomycteridae. In contrast, in families
Amyblicipitidae, Ictaluridae, and Sisoridae, only few species possess a reduced 21 number (reviewed
in the work of [97]). However, it is evident that siluriform catfishes have, in general, much higher
karyotypic diversity than their sister lineage Characiformes. With caution, in view of the fact that only
about 15% of the siluriform fishes have been cytogenetically examined to date, it is noteworthy that
the largest chromosomal diversity was observed for Siluridae.

To Daeng Peat Swamp Forest
" 100 0 100km
I —

Figure 7. The current distribution of the fish family Siluridae (red color). Inset: Thailand map

(v

indicating the collection sites of the 13 species studied herein. 1. Belodontichthys truncates (red circle);
2. Kryptopterus bicirrhis (light pink circle); 3. Kryptopterus giminus (violet circle); 4. Kryptopterus limpok
(purple circle); 5. Kryptopterus microcephalus (blue circle); 6. Micronema cheveyi (light blue circle);
7. Ompok fumidus (light green circle); 8. Ompok siluroides (green circle); 9. Phalacronotus apogon (pink
circle); 10. Phalacronotus bleckeri (grey circle); 11. Silurichthys phaiosona (yellow circle); 12. Wallago attu
(orange circle); 13. Wallago micropogon (black circle); 14. Silurus aristotelis (pink circle); and 15. Silurus
glanis (dark green circle). The maps were created using QGis 3.4.3, Inkscape 0.92 and Photoshop 7.0.
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4, Materials and Methods

4.1. Individuals and Mitotic Chromosome Preparation

Fifteen silurid species were collected from distinct natural ecosystems of Thailand and Europe
(Figure 7). The numbers and sexes of the individuals are presented in Table 2. The specimens were
deposited in the fish collections of the Cytogenetic Laboratory, Department of Biology, Faculty of
Science (Khon Kaen University) and National Museum of Natural History, Paris (MNHN 1997-0481,
MNHN 1996-1382). Mitotic chromosomes were obtained by the protocol described in the work of [98].
All the experiments followed ethical protocols, and anesthesia was conducted with clove oil prior to
the sacrifice of the animals. The process was approved by the Animal Ethics Committee of Khon Kaen
University based on the Ethics of Animal Experimentation of the National Research Council of Thailand
AEKKU23/2558. Samples of S. glanis and S. aristotelis were obtained under state fisheries permits and
research was conducted with approval from the University of Thessaloniki Ethics Committee.

Table 2. Collection sites for the analyzed species with the respective sample sizes.

Species Locality No. of Individuals
Belodontichthys truncatus Chao Phraya Basin (Thailand) (site 1) (04 904 &)
Kryptopterus bicirrhis To Daeng peat swamp forest (Thailand) (site 2) (07 @,- 08 &
Kryptopterus geminus Chao Phraya Basin (Thailand) (site 3) (08 @,- 11 6‘)
Kryptopterus limpok Songkhram Basin (Thailand) (site 4) (07 @,- 10 @
Kryptopterus macrocephalus To Daeng peat swamp forest (Thailand) (site 5) (06 9; 06 &
Micronema cheveyi Chao Phraya Basin (Thailand) (site 6) (09 .10 5]
Ompok fumidus To Daeng peat swamp forest (Thailand) (site 7) (05 ?; 07 &)
Ompok siluroides To Daeng peat swamp forest (Thailand) (site 8) (04 @,- 05 @)
Phalacronotus apogon Chi Basin (Thailand) (site 9) (06 @,- 05 &)
Phalacronotus bleekeri Chi Basin (Thailand) (site 10) (07 9, 04 &7
Silurichthys phaiosoma To Daeng peat swamp forest (Thailand) (site 11) (04 9; 06 &)
Wallago attu Songkhram Basin (Thailand) (site 12) (03 @,- 04 &)
Wallago micropogon Songkhram Basin (Thailand) (site 13) (04 @,- 04 &)
Silurus aristotelis Trichonida Lake (Greece) (site 14) (03 @,- 05 &)
Silurus glanis Dyije River, Danube basin (Czech republic) (site 15) (08 @,- 06 &)

Sites 1 to 15 correspond to the localization of each collection region shown in Figure 7.

4.2. Fluorescence In Situ Hybridization (FISH)

FISH was done under high-stringency conditions on metaphase chromosome spreads [99],
with specific probes for 55 and 185 rDNA and telomeric sequences. The 55 rDNA probe included
the transcriptional segment of the 55 rRNA gene, with 120 base pairs (bp), and the 200-base pair
non-transcribed spacer (NTS) [100]. The 18S rDNA probe corresponded to a 1400 base-pair segment of
the 185 rDNA gene [101]. Both rDNA probes were directly labeled with the Nick-translation Labeling
Kit (Jena Bioscience, Jena, Germany) by the fluorescent labels Atto488 (185 rDNA) and Atto550 (55
rDNA), according to the manufacturer’s manual. We applied both rDNA probes in all analyzed species,
with the exception of S. aristotelis, where only 185 rDNA mapping was performed.

In order to check the presence of ITS (interstitial telomeric sequences), telomeric (TTAGGG),
sequences were mapped in the species with the lowest 21 (S. phaiosoma) using the DAKO Telomere
PNA FISH Kit/Cy3 (DAKO, Glostrup, Denmark).
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4.3. Comparative Genome Hybridization (CGH)

Total genomic DNA (gDNAs) of the K. geminus, K. limpok, P. apogon, P. bleekeri, W. attu,
and W. micropogon were extracted from liver tissue by the standard phenol-chloroform-isoamyl
alcohol method [102]. As substantial variation in both 21 number and karyotype formula were
observed among species of the genus Kryptopterus and Wallago, the gDNA of K. geminus was compared
with that of K. limpok in metaphase chromosomes of K. geminus. Similarly, the gDNAs of W. attu and
W. micropogon were hybridized in metaphase chromosomes of W. attu. For these purposes, gDNAs
of K. geminus and W. attu were directly labeled with Atto550 using the Nick-translation Labeling Kit
(Jena Bioscience, Jena, Germany), while the gDNAs of K. limpok and W. micropogon were labeled with
Atto488. To block common genomic repetitive sequences, COt-1 DNA (i.e., a fraction of genomic DNA
enriched for highly and moderately repetitive sequences), prepared according to Zwick et al. [103],
was used in all experiments. The final hybridization mixture for each experiment was composed
of 500 ng labeled DNA of each compared species, plus 15 ug of male-derived COt-1 DNA from the
respective species and the hybridization buffer (50% formamide, 2x SSC, 10% SDSC 10% dextran sulfate
and Denhardt’s solution, pH 7.0). The gDNA of Phalacronotus apogon (Atto488) was also compared
with that of P. bleekeri (Atto550) against metaphase chromosomes of P. apogon. The CGH experiments
were performed according to Symonova et al. [22].

4.4. Cytogenetic Analyses

Atleast 30 metaphase spreads per individual were analyzed to confirm the 2n, karyotype structure,
and FISH results. Images were captured using an Axioplan II microscope (Carl Zeiss Jena GmbH,
Germany) with CoolSNAP and the images were processed using Image Pro Plus 4.1 software (Media
Cybernetics, Silver Spring, MD, USA). Chromosomes were classified as metacentric (m), submetacentric
(sm), subtelocentric (st), or acrocentric (a), according to the arm length ratios [104].

5. Conclusions

Chromosomal characteristics, including the mapping of repetitive DNA sequences and CGH
procedures, clarified the evolutionary dynamism among silurid species. In this sense, the known
extensive diversification of their karyotypic macrostructure could be better characterized. Our data
provide evidence for a direct correlation between the genomic repetitive content and the notable
karyotypic divergence in silurids. Thus, it is likely that repetitive DNAs played a direct role in
promoting the chromosomal differentiation and biodiversity within this fish family.

Supplementary Materials: The following are available online at http://www.mdpi.com/1422-0067/20/14/3545/s1,
Figure S1: Metaphase plates of Silurichthys phaiosonia showing the location of telomeric (TTAGGG), repeats.
Bar =5 um.
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Abstract

Three species of ornamental fishes in the subfamily Cyprininae (family Cyprinidae) namely,
Epalzeorhynchos frenatum, Puntigrus partipentazona, Scaphognathops bandanensis were studied by
classical cytogenetic and fluorescent in situ hybridization (FISH) techniques. Chromosomes were
directly prepared from kidney tissues and stained by using conventional and Ag-NOR banding
techniques. Microsatellite d(CA)1s and d(CGG)1o probes were hybridized to the chromosomes of three
cyprinids. Results shown that the three cyprinid species share the same diploid number as 2n=50 but
there are differences in the fundamental number (NF) and karyotypes i.e. E. frenatum: NF=84,
18m+10sm+10a+12t; P. partipentazona: NF=94, 6m+24sm+14a+6t; S. bandanensis: NF=66,
4m+12sm+34t. NOR positive masks were observed at the regions adjacent to the telomere of the short
arm of the chromosome pairs 10(submetacentric) and 1(metacentric) in E. frenatum and P.
partipentazona, respectively whereas those were revealed at telomeric regions of the long arm of the
chromosome pair 9(telocentric) in S. bandanensis. The mapping of d(CA)is and d(CGG)io
microsatellites shown that hybridization signals are abundantly distributed in telomeric regions of

several pairs except d(CA)is repeats in S. bandanensis, which are distributed throughout all

1 Correspondingauthor, e-mail : supiwong@hotmail.com
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chromosomes and d(CGG)qo repeats in P. partipentazona display the high accumulation only in the
first chromosome pair.

Key words: Chromosome, Epalzeorhynchos frenatum, Puntigrus partipentazona, Scaphognathops
bandanensis, FISH

Introduction

There are about 200 species of freshwater fishes to use as ornamental fish in Thailand. The most
popular species include Betta splendens, Gyrinocheilus aymonieri, Epalzeorhynchos bicolor, E.
frenatum, Puntigrus tetrazona, Channa micropeltes, Barbonymus alter, B. schwanenfeldii and
Balantiocheilus melanopterus (Sermwatanakul, 2005). Ornamental fish industry is one developed base
on the species diversity of Thailand due to high potential culture. Data from the export value of
ornamental fishes in the world during 2006-2010 revealed that Thailand has the 6™ highest export value
whereas the global export market data has an average value as 326 million US$. The exported
ornamental fish value at 13,968,611 US$ in 2006 rose to 18,928,773 US$ in 2010, with a growth rate
increased by an average rate of 6.53 percent per year (Bureau of Agricultural Economics Research,
2011). This indicates that at present, the export of ornamental fish industry is another sector where the
growth rate is increased steadily and generating revenue for the country is enormous resulting to
generate income for farmers in each year. The average family income is more than 170,000 baht per
year (Department of Fisheries, 2010). Thus, ornamental fishes play an important role in national
economy of Thailand. More than half of all ornamental fishes in Thailand belong to the Cyprinidae
family.

Family Cyprinidae is the most abundant and globally widespread family of freshwater fish,
comprising 3,000 species, livings and extinct species in about 370 genera (Eschmeyer et al., 2015). The
subfamily Cyprininae is one of the largest groups of this family. The essential large tribes such as
Labeonini, Poropuntiini and Smiliogastrini have many species that are economically important
ornamental fish of Thailand, namely Epalzeorhynchos frenatum, Puntigrus partipentazona,
Scaphognathops bandanensis (Fig. 1A, D, G). However, the study of cytogenetics of these ornamental
fishes is quit scare. To date, there are most conventional technique reported to determine chromosome
number and karyotype composition and some NOR banding reported. The 2n ranged from 48-50 in the
tribes Labeonini and Smiliogastrini while the tribe Poropuntiini is more conserved as 2n=50 (Arai
2011) (Table 1). To know the basic information on cytogenetics, it can apply for the development of
the potentially commercial stains/species in the future. The studies of the karyotypes help to investigate
the aquatic structure of the species population in each habitat, so it can determine what species are
related to each other in an accurate manner. This may help to facilitate the hybridization between them
in the future for strain improvement (Sofy et al., 2008), breeding practices of organisms by using
chromosome set management (Na- Nakhon et al., 1980), brood stock selection (Meng ampan et al.,
2004).

For some species, the simple characterization of the karyotype may be sufficient to identify

intra- and inter-specific variants. However, in most cases, just the karyotype description appears to be
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inconclusive when not coupled with other methods capable of generating more accurate chromosomal
markers. In this sense, the use of molecular cytogenetic analyses has played an important role in the
precise characterization of the structure of genomes (Cioffi and Bertollo, 2012). Multiple DNA copies
or repetitive DNAs are a large substantial portion of the genome of eukaryotes that can be generally
classified into two main classes: tandem repeats, such as the multigene families and the satellite DNAs;
and the dispersed elements, such as transposons and retrotransposons, known as Transposable elements
(TEs) (Jurka et al., 2005). Among the tandem repeats we can find the highly-repeated satellite DNAS
and "moderate repeats”, like mini- and microsatellite DNA (Charlesworth et al., 1994). These non-
coding DNA sequences are organized as long arrays of head-to-tail linked repeats (Plohl et al., 2008).

Recently, the molecular cytogenetic studies using fluorescence in situ hybridization (FISH)
for mapping repetitive DNA sequences have provided important contributions to the characterization of
the biodiversity and the evolution of divergent fish groups (Cioffi and Bertollo, 2012). Most molecular
cytogenetic studies in cypinid fishes were performed by FISH technique using rDNA probes (Inafuku
et al. 2000, Kikuma et al. 2000, Ocalewicz et al. 2004, Zhu et al. 2006, Singh et al. 2009, Rossi et al.
2012, Nabais et al. 2013, Kirtiklis et al. 2014, Spoz et al. 2014, Han et al. 2015, Kumar et al. 2016, Han
et al. 2017). However, NOR banding including fluorescence in situ hybridization (FISH) techniques to
investigate chromosomal distribution of repetitive DNA sequences on the chromosomes of E.
frenatum, P. partipentazona, S. bandanensis have not been performed.

In present study carried out an analysis of chromosomal structure and genetic markers on E.
frenatum, Puntigrus partipentazona, and Scaphognatops bandanensis using cytogenetics, and
molecular cytogenetics techniques. The knowledge revealed will provide a powerful tool for the next
generation of genome research in Thai freshwater fishes and discovering biodiversity, with useful
applications in fish breeding for conservation and commercials of ornamental species. Moreover, it is
useful applications in evolution, systematics, phylogenetics, fish fauna management and suitable

conservation of river basin.

Methods

Ten males and ten females of E. frenatum, P. partipentazona, S. bandanensis, were collected
from the Song Khram, Chi and Mekong Basins, respectively. Preparation of fish chromosomes was
from kidney cells (Pinthong et al. 2015, Supiwong et al. 2015). The chromosomes were stained with
10% Giemsa’s for 30 minutes and identified for NORs by Ag-NOR staining (Howell and Black 1980).
Metaphase figures were analyzed according to the chromosome classification of Turpin and Lejeune
(1965). The centromeric index (CIl) between 0.50-0.59, 0.60-0.69, 0.70-0.89 and 0.90-1.00 were
described as metacentric, submetacentric, acrocentric and telocentric chromosomes, respectively.
Fundamental number, NF (number of chromosome arm) is obtained by assigning a value of two to
metacentric, submetacentric and acrocentric chromosomes and one to telocentric chromosomes.

The use of microsatellite d(CA)is and d(CGG)1o probes described by Kubat et al. ( 2008)

followed here with slight modifications. These sequences were directly labeled with Cy3 at 5" terminal


http://www.google.co.th/search?hl=th&tbo=p&tbm=bks&q=inauthor:%22Raymond+Turpin%22
http://www.google.co.th/search?hl=th&tbo=p&tbm=bks&q=inauthor:%22J%C3%A9r%C3%B4me+Lejeune%22

80

during synthesis by Sigma (St. Louis, MO, USA). Fluorescence in situ hybridization (FISH) was
performed under high stringency conditions on mitotic chromosome spreads (Pinkel et al. 1986). After
denaturation of chromosomal DNA in 70% formamide/ 2xSSC at 70 °C, spreads were incubated in
2xSSC for 4 min at 70 °C. The hybridization mixture (2.5 ng/uL probes, 2 pug/uL salmon sperm DNA,
50% deionized formamide, 10% dextran sulphate) was dropped on the slides, and the hybridization was
performed overnight at 37 °C in a moist chamber containing 2xSSC. The post hybridization wash was
carried out with 1xSSC for 5 min at 65 °C. A final wash was performed at room temperature in
4xSSCT for 5 min. Finally, the slides were counterstained with DAPI and mounted in an antifade
solution (Vectashield from Vector laboratories) and analyzed in an epifluorescence microscope

Olympus BX50 (Olympus Corporation, Ishikawa, Japan).

Results and discussion

Diploid number, fundamental number and karyotype of Epalzeorhynchos frenatum, Puntigrus
partipentazona and Scaphognathops bandanensis

Results shown that the three cyprinid species have the same diploid number as 2n=50. They are
same as found in P. tetrazona partipentazona (Taki et al. 1977) and S. bandanensis (Donskul et al.
2007) but there is difference in E. frenatum (2n=48) reported by Magtoon and Donsakul (1993). The 2n
in three cypinids studied have the same 2n=50 as in several species in the subfamily Cyprininae (Arai,
2011; Table 1). This indicates that this subfamily has highly conserved for the 2n. Although three
species analyzed share the same 2n, there are differences in the fundamental number (NF) and
karyotypes i.e. E. frenatum: NF=84, 18 metacentric (m), 10 submetacentric (sm), 10 acrocentric (a) and
12 telocentric (t) chromosomes; P. partipentazona: NF=94, 6m, 24sm, 14a, and 6t chromosomes; S.
bandanensis: NF=66, 4m, 12sm, and 34t chromosomes (Fig. 1). To compare with the previous studies,
the NFs of E. frenatum, P. partipentazona and S. bandanensis differ from the reports of Magtoon and
Donsakul (1993), Taki et al. (1977) and Donskul et al. (2007), respectively. These differences may be
causes from the species-specific variations among populations, and/or misidentification of species or
different species due to complex species. Three studied species cannot be observed heteromorphic sex
chromosomes between male and female specimens. This phenomenon is same as many species in this
family (Arai, 2011).

Chromosome marker of Epalzeorhynchos frenatum, Puntigrus partipentazona and Scaphognathops
bandanensis

The determination of nucleolar organizer regions (NORs) for these species was firstly proposed.
If these loci are active during the interphase before to mitosis, they can be detected by silver nitrate
staining ( Howell and Black 1980) since they specifically stain a set of acidic proteins related to
ribosomal synthesis process. NOR positive masks were observed at the regions adjacent to the telomere
of the short arm of the chromosome pairs 10(submetacentric) and 1(metacentric) in E. frenatum and P.
partipentazona, respectively whereas those were revealed at telomeric regions of the long arm of the

chromosome pair 9(telocentric) in S. bandanensis (Fig. 2A, D, G and Table 2). The single NOR-
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bearing chromosome pair in the present result is consistency to Barbonymus gonionotus (Khuda-
Bukhsh and Das 2007), Hypsibarbus wetmorei (Piyapong 1999), Osteochilus waandersi (Magtoon and
Arai 1993) and Puntius brevis (Nitikulworawong and Khrueanet 20 14 ). This character is common
characteristic found in many fish groups as well as vertebrates (Supiwong et al., 2012, 2013). However,
some species had two pairs (Cyclocheilos enoplos: Magtoon and Arai 1993), three pairs
(Cyclocheilichthys apogon: Chantapan 2015) and four pairs (Puntius denisonii, P. semifasciolatus:
Nagpure et al. 2004; P. filamentosus: Nagpure et al. 2003). NOR is frequently used to compare
variations, as well as to identify and explain specifications. Changes in chromosome number and
structure can alter the number, and structure of NOR. Structure, number, and morphology of a NOR
may be specific to populations, species, and subspecies. Robertsonian translocations (centric fusion)
may cause losses of NOR. Species, which have limited gene exchange due to geographical isolation,
have elevated karyotype numbers and NOR variation. The use of NORs in explaining kinships depends
on a large extent on the uniformity of this characteristic and on the degree of variety within a taxon
( Yiiksel and Gaffaroglu, 2008. Normally, most fishes have only one pair of small NORs in a
chromosome complement. If some fishes have more than two NORs, it may be caused by the

translocation between NOR and another chromosome (Sharma et al. 2002).

Patterns of microsatellite repeats on the genome of Epalzeorhynchos frenatum, Puntigrus
partipentazona and Scaphognathops bandanensis

The mapping of d(CA)is and d(CGG)ie microsatellites shown that hybridization signals are
abundantly distributed in telomeric regions of several pairs except d(CA)is repeats in S. bandanensis,
which are distributed throughout all chromosomes and d(CGG)o repeats in P. partipentazona display
the high accumulation only in the first chromosome pair (Fig. 2 and Table 2). The Figure 3 shows the
idiograms representing the patterns of d(CA)is and d(CGG)io microsatellites distributions on the
chromosomes of three studied species. Microsatellite d(CGG)io sequences were detected disperse
hybridization signals with high accumulation of them at telomeric regions of several chromosomes in
E. frenatum and S. bandanensis. However, it is interesting that the microsatellite d(CGG)io repeats
coincide with the NOR positions in P. partipentazona. The patterns of microsatellites d(CA)ss in three
species in the present study except in S. bandanensis are different from the nine species of the Bagridae
family including Hemibagrus filamentus, H. spilopterus, H. wyckii, H. wyckioides, Mystus
atrifasciatus, M. multiradiatus, M. mysticetus, M. bocourti, and Pseudomystus siamensis (Supiwong et
al., 2013, 2014), Toxotes chatareus (Supiwong et al., 2017). From the previous and current studies, it is
believed that microsatellites have specific zones as heterochromatin (telomeres, centromeres and in the
sex chromosomes) of fish genomes (Cioffi and Bertollo, 2012). However, microsatellites have also
been found in noncentromeric regions, many of them were located either near or within genes (Rao et
al., 2010).

The present research is the first report on the NOR -banding and FISH techniques in E.

frenatum, P. partipentazona, S. bandanensis. Although both species have the same the diploid
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chromosome number (2n=50) and two NOR-bearing chromosomes, there are differences in the
fundamental number and the number of each chromosome sizes, pairs having NOR and the patterns of
microsatellites distributions on chromosomes. The NORs can be observed at the regions adjacent to the
telomeres of pairs 10, 1 and 9, respectively. The microsatellites are distributed throughout the
chromosomes with high accumulations at some positions or all chromosomes which are species-
specific characteristics. This result indicated that cytogenetic data can be used for classification in

related fish species which have similar morphology.
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Table 1. Reviews of cytogenetic reports in the tribes Labeonini, Poropuntiini, and

Smiliogastrini

Tribe/Genus/Species 2n  NF  Formula NORs Reference

Tribe Labeonini

Barbichthys laevis 50 76  20m+6sm+4st+20a Donsakul et al. (2006)
Bangana devdevi 50 86 20m+16sm+14a Donsakul et al. (2011)
Cirrhinus julleini 50 90 26m+l14sm+4st+6a Magtoon and Arai (1993)

50 92  36m+6sm+2st+6a Donsakul (1997)
Cirrhinus microlepis 50 88 22m+8sm+8st+12a Donsakul and Magtoon
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88

(1997)
50 72  12m+10sm+2st+26a Donsakul et al. (2007)
Epalzeorhynchos 48 72  14m+10sm+8st+16a Donsakul and Magtoon
frenatus (1993)
Epalzeorhynchos 50 74  20m+4sm+2st+24a Donsakul and Magtoon
bicolor (1993)
Epalzeorhynchos 50 84 22m+12sm+2st+14a Donsakul et al. (2012)
munensis
Garra cambodgiensis 50 82  20m+12sm+4st+14t Donsakul et al. (2016)
Garra fasciacauda 50 84  18m+14sm+2st+16t Donsakul et al. (2016)
Garra notata 50 80 20m+10sm+20t Donsakul et al. (2016)
Incisilabeo behri 50 78 12m+ 16sm +4st + Donsakul and Magtoon
18t (2003)
Labeo 50 78 4m+ 10sm + 14st + Seetapan (2007)
chrysophekadian 22a
Labiobarbus lineatus 50 80 20m+10sm+20a Magtoon and Arai (1990)
Labiobarbus 50 90 34m+4sm+2st+10a Donsakul and Magtoon
spiropleura (1997)
Mekongina 50 74  10m+14sm+26a(t) Donsakul and Magtoon
erythrospila (2003)
Osteochilus 50 96  36m+10sm+2st+2a Donsakul and Magtoon
melanopleura (1995)
Osteochilus 50 86 26m + 10sm + 14st Donsakul et al. (2001)
microcephalus
Osteochilus vittatus 50 96  16m+30sm+4st Magtoon and Arai (1990)
50 86  26m+10sm+14st Donsakul (1997)
Osteochilus waandersi 50 92  18m+24sm+4st+4a Magtoon and Arai (1993)
Puntioplties falcifer 50 80 14m-+16sm+2st+18a Donsakul et al. (2007)
50 92  16m+10sm+16a+8t Sophawanus et al. (2017)
Tribe Smiliogastrini
Osteobrama alfrediana 50 96  24m-+22sm+4a Donsakul et al. (2011)
Hampala disper 50 70 5m+bsm+3st+12a Donsakul and
Poopitayasathaporn, (2002)
H. macrolepidota 50 72  10m+12sm+8st+20a Donsakul and
Poopitayasathaporn (2002)
Puntius arulius 50 82 6m+26sm+18a Taki and Suzuki (1977)
50 90  10m+18sm+12st+10t Arunachalan and Murugan
(2007)
P. binotatus 50 92 8m-+34sm+8a Taki et al. (1977)
P. brevis 50 70 6m+14sm+8st+22a Khuda-Bukhsh (1975)
50 54  2m+2sm+2st+22a Donsakul and
Poopitayasathaporn, (2002)
48 56  2m+6st+40a Seetapan (2007)
50 62  4m+4sm-+4a+38t Nitikulworawong and
Khrueanet (2014)
P. chola 50 56 2m-+4sm+44a Taki and Suzuki (1977)
P. chola 50 54 2m+2sm-+4st+42a Tripathi and Sharma (1987)
50 54 2m+2sm-+46a Sahoo et al. (2007)
P. conchonius 50 94 6m-+38sm+6a Hinegardner and Rosen
(1972),
Taki and Suzuki (1977)
48 78  10m+20sm-+10st+8a Sharma and Agarwal (1981)
50 - - Vasiliev (1985)
50 90 16m+24sm+2st+8a Khuda et al. (1986),
Ojima and Yamamoto (1990)
50 94  4m-+40sm-+6a Takai and Ojima (1988)
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Taki and Suzuki (1977)
Magtoon and Arai (1989)
Nagpure et al. (2004)
Hinegardner and Rosen
(1972),

Taki et al. (1977),
Vinogradov (1998)

Ohno et al. (1967)

Taki et al. (1977)

Taki and Suzuki (1977)
Nagpure et al. (2003)
Taki et al. (1977)

Sobita et al. (2004)
Khuda et al. (1986)

Taki and Suzuki (1977)
Taki et al. (1977)

Arai and Magtoon (1991)
Taki et al. (1977)

Taki et al. (1977)

Taki et al. (1977)

Rishi (1981)

Nagpure et al. (2004)
Gui et al. (1986),

Yu et al. (1989)

Nagpure et al. (2004)
Suzuki (1991)

Rishi (1973)

Rishi et al. (1977)

Rishi and Rishi (1981)
Khuda et al. (1986)
Tripathi and Sharma (1987)
Magtoon and Arai (1989)
Magtoon and Arai (1989)
Arunachalan and Murugan
(2007)

Ohno et al. (1967)
Hinegardner and Rosen
(1972),

Taki et al. (1977),

Suzuki et al. (1995)
Krishnaja and Rege (1980)
Vinogradov (1998)

Taki et al. (1977)

Sharma et al. (1995),
Vinogradov (1998)
Taki and Suzuki (1977)
Sahoo et al. (2007)
Hinegardner and Rosen
(1972),

Taki and Suzuki (1977)
Khuda-Bukhsh and Barat
(1987)

Donsakul et al. (2006)
Donsakul and Magtoon
(2002)

Piyapong (1999)
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50 74 8m+16sm+10st+16a Donsakul and
Poopitayasathaporn (2002)
S. stoliczkanus 50 94  24m+20sm-+6a Donsakul et al. (2011)
Tribe Poropuntiini
Amblyrhynchichthys 50 78 16m+12sm+22a Donsakul et al. (2006)
truncatus
Balantiocheilos 50 72 10m+12sm+28a Ojima and Yamamoto (1990)
melanopterus
50 70 14m+6sm+10st+20a Donsakul and
Poopitayasathaporn (2002)
Barbonymus 50 72 2m+20sm+4st+24a Magtoon and Arai (1989)
gonionotus
50 74  16m+8sm+26a Donsakul and Magtoon
(1997)
50 72  6m+16sm+6st+22a Piyapong (1999)
50 66  2m+4sm+10st+34a Seetapan (2007)
50 74 6m+18sm+16st+10a Khuda-Bukhsh and Das
(2007)
Cosmochilus harmandi 50 82  22m-+10sm+10st+8a Donsakul et al. (2005)
Cyclocheilichthys 50 70 12m-+8sm+6st+24a Magtoon and Arai (1989)
apogon
50 76  18m+8sm+4st+20a Donsakul and
Poopitayasathaporn (2002)
C. apogon 50 86 10m-+16sm-+10a+14t Chantapan (2015)
C. lagleri 50 86  12m+6sm+1st+6a Donsakul et al. (2006)
C. repasson 50 78  12m+16sm+6st+16a Donsakul et al. (2005)
50 84  6m+6sm-+22st+16a Seetapan (2007)
Cyclocheilos enoplos 50 90  10m-+30sm-+4st+6a Magtoon and Arai (1993)
50 72  14m-+8sm+10st+18a Donsakul and Magtoon
(1995a)
50 78  16m-+12sm+6st+16a Donsakul and
Poopitayasathaporn (2002)
Hypsibarbus lagleri 50 74  4m+20sm+26a Donsakul and Magtoon
(2001)
H. malcolmi 50 64  10m+4sm+36a Donsakul et al. (2007)
H. vernayi 50 58  6m+2sm+4st+38a Donsakul and Magtoon
(2002)
H. wetmorei 50 70  12m+8sm+6st+24a Magtoon and Arai (1989)
50 74  12m+12sm-+4st+22a Piyapong (1999)
50 74  12m+12sm+2st+24a Donsakul and Magtoon
(2002)
H. wetmorei 50 82  10m+14sm+8a+18t Chantapan (2015)
Mystacoleucus 50 76  6m+20sm+2st+22a Donsakul et al. (2006)
argenteus
M. marginatus 50 76  16m+10sm+24a Arai and Magtoon (1991)
50 68 14m+4sm+2st+30a Donsakul and
Poopitayasathaporn (2002)
Poropuntius deauratus 50 74  14m-+10sm+26t Donsakul et al. (2005)
P. sinensis 50 82 10m-+22sm-+18st Zen et al. (1984)
P. laoensis 50 74  14m+10sm+10st+16a Donsakul and Magtoon
(2008)
P. normani 50 72 10m+12sm+28a Donsakul et al. (2007)
P. chonglingchungi 50 80 12m+18sm+20st Zen et al. (1986)
Scaphognathops 50 64 10m+6sm+34a Donsakul et al. (2007)

bandanensis
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Sikukia gudgeri 50 68  10m-+8sm+4st+28a - Donsakul et al. (2005)

Remarks: 2n = diploid number, m = metacentric, sm = submetacentric, st = subtelocentric, a =
acrocentric and NORs = nucleolar organizer regions, NF = fundamental number, - = not available

Table 2 Cytogenetic and FISH studies on three Cypinid fishes in Thailand

Species 2n  NF Chromosome type Ag-NOR CAis CGGyo
m sm a t pair (type) pair pair
Epalzeorhynchos frenatum 50 84 18 10 10 12 10(sm) 1-13,15-25 1-6,9-12,14-
25
Puntigrus partipentazona 50 94 6 24 14 6 1(m) 1-16, 18- 1
21, 23-25
Scaphognathops 50 66 4 12 - 34 9(1) 1-25 1, 3-5,9-11,
bandanensis 13, 15-16,
19-21

Remarks :2n = diploid chromosome number, NF =fundamental number )number of chromosome arm(,
m =metacentric, sm =submetacentric, a =acrocentric, t =telocentric chromosome, NOR =nucleolar
organizer region
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Fig. 1 Specimens, metaphase chromosome plates and karyotypes of Epalzeorhynchos frenatum (A-C),
Puntigrus partipentazona (D-F), Scaphognathops bandanensis (G-1) by conventional technique.
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Fig. 2 Karyotypes of Epalzeorhynchos frenatum (A-C), Puntigrus partipentazona (D-F),
Scaphognathops bandanensis (G-1) by NOR banding and FISH techniques. Arrows indicate NOR-

bearing chromosomes. scale bars=5 pm.
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Fig. 3 Idiograms represent the (CA):s and (CGG)10 mapping on the chromosomes of Epalzeorhynchos

frenatum (A), Puntigrus partipentazona (B), Scaphognathops bandanensis (C).
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ABSTRACT

Comparative cytogenetic study on Osphronemus exodon and O. goramy from the Mekong Basin in
Thailand, was carried out. Chromosomes were directly prepared from kidney proceed to conventional
staining, NOR banding and Fluorescence in situ hybridization techniques using d(CA)s, d(GC)is and d(CAT)10
microsatellite probes. The results showed that both species had the same diploid number (2n=48) and the
fundamental number (NF=48). Karyotypes composing of all telocentric chromosomes were divided into
large and medium sizes as 18-30 and 20-28 in O. exodon and O. goramy, respectively. The marker
chromosomes which have the Nucleolar Organizer Regions (NORs) can be observed at the regions adjacent
to the centromeres of pairs 15 and 22, respectively. Different patterns of three microsatellites distributions
on the chromosomes between two studied species were revealed that they are distributed throughout in
all chromosomes with highly accumulated at centromeric, interstitial and telomeric positions in several pairs
of O. exodon while in O. goramy, those display at some areas of some chromosomes. This result indicated
that cytogenetic data can be used for classification in related fish species.
Keywords: Osphronemus exodon, Osphronemus goramy, Chromosome, Cytogenetics, Fluorescence in situ hybridization
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INTRODUCTION

Gouramis or gouramies are a group of freshwater perciform fishes that comprise the family,
Osphronemidae. The fish are native to Asia, from Pakistan and India to the Malay Archipelago and
north-easterly towards Korea (Nelson, 2006). These fishes are of great importance as food fish. While,
some species are kept as aquarium fishes, several ones have recently become a booming in
aquaculture (Vidthayanon, 2005; Sanjundaeng, 2014). Two importance species in this family are
elephant ear gourami, Osphronemus exodon and giant gourami, O. goramy. The elephant ear
gourami, (Osphronemus exodon) is a species of gourami native to the Mekong in Thailand, Laos,
and Cambodia while the giant gourami has wider native ranges, not only in the Mekong Basin, but it
also found in other regions of Southeast Asia (Roberts, 1992). The species of the genus Osphronemus,
juveniles and adults of this species have physical differences. Juveniles have 6 or 7 vertical stripes
and a spot on the back, which fades as they get older (Figs. 1A, 1D). When a juvenile grows up to
about around 10 centimetres (3.9 in), a red orange stripe appears around the bottom of the head.
Adults are pale on its fins and blackish on its body (Rainboth, 1996). Thus, both species have quite
similar in morphology in the juvenile. In many cases have the problem for identification of species.
Elephant ear gourami is listed as vulnerable by the IUCN (Jenkins et al., 2009). In Asian cuisine, giant
gourami is highly valued as food due to its thick flesh, pleasant texture as well as its tasty flavor. It
is a popular food fish in Indonesian, Malaysian and Thai cuisines (Goldstein, 2005). From the mentions
above, they play as economically important species in Thailand. However, there are few reports on
basic knowledge especially cytogenetics in these species.

Cytogenetics is the study of chromosome including morphology structure and number that
can be used as an essential tool for genetic material of cell transmission from one generation to the
next (Rooney, 2001). The karyotype is the chromosome complement of an individual or related group
of individuals, as defined by chromosome size, morphology and number. Though for all somatic cells
of all individuals of species, the number of chromosomes is used as an indicator of classification of
species and interrelationships within families (Campiranont, 2003; Tanomtong, 2011). The studies of
the karyotypes help to investigate the aquatic structure of the species population in each habitat, so
it can determine what species are related to each other in an accurate manner. This may help to
facilitate the hybridization between them in the future for strain improvement (Sofy et al., 2008),
breeding practices of organisms by using chromosome set management (Na-Nakhon et al., 1980).
There were quite scarce of Cytogeneyic studies in this family. There is only one report that studied
on O. exodon and O. gouramy using conventional staining technique by Donsakul et al. (2006). They
found that both species had the diploid chromosome number of 48 composing of 24 pairs of
telocentric chromosomes and arm numbers of 48.

For some species, the simple characterization of the karyotype may be sufficient to identify
intra- and inter-specific variants. However, in most cases, just the karyotype description appears to
be inconclusive when not coupled with other methods capable of generating more accurate
chromosomal markers. In this sense, the use of molecular cytogenetic analyses has played an
important role in the precise characterization of the structure of genomes (Cioffi and Bertollo, 2012).

Recently, the molecular cytogenetic studies using fluorescence in situ hybridization (FISH) for
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mapping repetitive DNA sequences have provided important contributions to the characterization of
the biodiversity and the evolution of divergent fish groups (Cioffi and Bertollo, 2012).

The present study was aimed to compare on the cytogenetic data between O. exodon and
O. goramy using conventional staining, Ag-NOR banding and Fluorescent in situ hybridization (FISH)
techniques. The knowledge revealed will provide a powerful tool for the next generation of genome
research in Thai gouramis and discovering biodiversity, with useful applications in fish breeding for
conservation and commercials, evolution, systematics, phylogenetics, fish fauna management and

suitable conservation of river basin.

MATERIALS AND METHODS

Sampling of Osphronemus exodon and O. goramy specimens

Ten males and 10 females of each species were collected in the Mekong Basin, of Nong Khai
and Buangkan Provinces, Northeast Thailand. The fishes were taken to laboratory aquaria and were
kept under the standard conditions for seven days before studies.

Classical cytogenetic technique

Chromosome preparation was directly performed from kidney tissues following by the
methods of Supiwong et al. (2009) and Tanomtong (2011). Chromosomes were conventional stained
by 20% Geimsa’s solution for 30 minutes (Rooney, 2001) and Ag-NOR banding was applied to stain
the chromosomes by 2% gelatin and 50% AgNO3; solutions at 60 °C for five minutes (Howell and
Black, 1980). The metaphase figures were analyzed according to the chromosome classification after
Chaiyasut (1989). The centromeric index (Cl) between 0.50-0.59, 0.60-0.69, 0.70-0.89, and 0.90-1.00
are described as metacentric, submetacentric, acrocentric, and telocentric chromosomes,
respectively. Fundamental number, NF (number of chromosome arm), is obtained by assigning a
value of two for metacentric, submetacentric and acrocentric chrommosomes and one for telocentric
chromosomes (Tanomtong, 2011).

Fluorescent in situ hybridization technique

Three microsatellites d(CA);s5, d(GC);5 and d(CAT),, were used as probes described by Kubat
et al. (2008) followed here with slight modifications. These sequences were directly labeled with Cy,
at 5 terminal during synthesis by Sigma (St. Louis, MO, USA). FISH technique was performed under
high stringency conditions on mitotic chromosome spreads (Pinkel et al. 1986). After denaturation of
chromosomal DNA in 70% formamide at 70 °C for 4 min. The hybridization mixture (2 uL of probes
and 8 pL of dextran sulphate) was dropped on the slides, and the hybridization was performed
overnight at 37 °C in a moist chamber. The post hybridization wash was carried out with 2 X SSC for
5 min at room temperature for twice times. Finally, the slides were counterstained with DAPI and
mounted in an antifade solution (Vectashield from Vector laboratories) (Leihr, 2009) and analyzed in

an epifluorescence microscope Olympus BX50 (Olympus Corporation, Ishikawa, Japan).

RESULTS AND DISCUSSION
Classical cytogenetics
The results showed that O. exodon and O. goramy have the same of the diploid chromosome

number and the fundamental number as 2n=48, NF=48 (Fig. 1B, E). They are agreement with the
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report of Donsakul et al. (2006) and Koref-Santibanez et al. (1991). In addition, Donsakul et al. (2006)
also reported the diploid chromosome number and the fundamental number in O. laticlavius that
the same 2n as 48 chromosomes but the difference in the NF as 50 were found. Three from four
species of the Osphroneminae subfamily have been cytogenetically studied so far. From the previous
and present reports, they indicate that the diploid chromosome number in this subfamily is
conserved. Moreover, to compare with others in distinct subfamily, the same diploid chromosome
as 48 revealed in T. fasciata (Manna and Prasad, 1977; Koref- Santibanez and Paepke, 1994; Rishi et
al., 1994; Sobita and Bhagirath, 2007; Kushwaha et al., 2008), Trichogaster labiosa (Manna and Prasad,
1977; Koref-Santibanez and Paepke, 1994), T. sumatranus (Calton and Denton, 1974), Trichopodus
microlepis (Ojima and Yamamoto, 1990) and Macropodus chinensis (Lee et al., 1983). Arai (20011)
reviewed the chromosomes in fishes showing that the diploid chromosome numbers in the
Osphronemidae family vary from 16 to 48 chromosomes and the NFs vary between 16 and 86. The
most frequency of 2n as 46 chromosomes (66.67%). The chromosomal evolution in fishes is related
with the fusion to reduce the 2n and/or pericentric inversions to change the NF. The karyotypes of
O. exodon and O. goramy composed of 48 telocentric chromosomes but there is difference in
chromosome size as 18 large+ 30 medium and 20 large+28 medium sizes, respectively. The types of
chromosomes in both species studied are the same as reported by Donsakul et al. (2006). However,
there is different from O. laticlavius that two submetacentric and 46 telocentric (acrocentric)
chromosomes were found (Donsakul et al., 2006).

The determination of nucleolar organizer regions (NORs) for this species was firstly proposed.
If these loci are active during the interphase before to mitosis, they can be detected by silver nitrate
staining (Howell and Black 1980) since they specifically stain a set of acidic proteins related to
ribosomal synthesis process. The regions adjacent to the centromere of the long arms of the
telocentric chromosome pairs 15 and 22 exhibited active Ag-NOR mashes in O. exodon and O.
goramy, respectively (Figs. 1C and 1F). The single NOR-bearing chromosome pair in the present result
is consistency to Trichopodus trichopterus (Supiwong et al., 2010) and Trichogaster fasciata
(Kushwaha et al., 2008). This character is common characteristic found in many fish groups as well
as vertebrates (Supiwong et al.,, 2012, 2013). However, Sobita and Bhagirath (2007) reported that
number of NORs in Trichogaster fasciata displayed three chromosome pairs. NOR is frequently used
to compare variations, as well as to identify and explain specifications. Changes in chromosome
number and structure can alter the number, and structure of NOR. Structure, number, and
morphology of a NOR may be specific to populations, species, and subspecies. Robertsonian
translocations (centric fusion) may cause losses of NOR. Species, which have limited gene exchange
due to geographical isolation, have elevated karyotype numbers and NOR variation. The use of NORs
in explaining kinships depends on a large extent on the uniformity of this characteristic and on the

degree of variety within a taxon (Yiksel and Gaffaroglu, 2008).
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Figure 1 Morphologies and karyotypes from conventional staining and Ag-NOR banding techniques
of Osphronemus exodon (A-C) and O. goramy (D-F). Arrows indicate Nucleolar Organizer
Regions (NORs). Scale bars in fish figs. indicate 5 cm and ones in karyotypes indicate 5 pm.

Patterns of microsatellite distribution on the chromosomes

Microsatellite d(CA);s, d(GC)15 and d(CAT);o sequences were detected disperse hybridization
signals throughout all chromosomes with high accumulation of them at telomeric, centromeric and
interstitial regions of several chromosomes in O. exodon. In the other hand, in O. goramy,
microsatellite d(CA);s and d(GC);5 repeats were observed throughout chromosomes in some pairs
with highly accumulated at centromeric, interstitial and telomeric positions in some chromosomes
while microsatellite d(CAT)10 sequences are distributed in all chromosomes (Figure 2). To compare
between two gouramis, the patterns of microsatellites distribution on the chromosomes are quite
specific to species. The patterns of microsatellites d(CA);5in O. exodon and O. goramy in the present
study are different from similar to the nine species of the Bagridae family including Hemibagrus
filamentus, H. spilopterus, H. wyckii, H. wyckioides, Mystus atrifasciatus, M. multiradiatus, M.
mysticetus, M. bocourti, and Pseudomystus siamensis (Supiwong et al., 2013, 2014), Toxotes
chatareus (Supiwong et al, 2017). From the previous and current studies, it is believed that
microsatellites have specific zones as heterochromatin (telomeres, centromeres and in the sex
chromosomes) of fish genomes (Cioffi and Bertollo, 2012). However, microsatellites have also been
found in noncentromeric regions, many of them were located either near or within genes (Rao et al.,
2010).
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Figure 2 The patterns of d(CA);s, d(GC);s and d(CAT),, microsatellites distributions on the

chromosomes of Osphronemus exodon and O. goramy. Scale bar indicates 5 pm.

CONCLUSIONS

The present research is the first report on the NOR -banding and FISH techniques in O. exodon
and O. goramy. Although both species have the same the diploid chromosome number (2n=48) and
the fundamental number (NF=48) and two NOR-bearing chromosomes, there are differences in the
number of each chromosome sizes, pairs having NOR and the patterns of microsatellites distributions
on chromosomes as large-medium chromosome sizes: 18-30 and 20-28 in O. exodon and O. goramy,
respectively. The NORs can be observed at the regions adjacent to the centromeres of pairs 15 and 22,
respectively. The microsatellites are distributed throughout in all chromosomes with high
accumulations at centromeric, interstitial and telomeric positions in several pairs of O. exodon while
in O. goramy, those display at some areas of some chromosomes. This result indicated that
cytogenetic data can be used for classification in related fish species which have similar morphology.
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