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ABSTRACT

This study investigated the risk of liver fluke infection based on the diversity of
fish species and chromosomal-level genetics of fish hosts in Phetchabun Province.
Chromosomes were prepared from the kidneys of the fish and stained using
conventional Giemsa staining techniques. The chromosomal analysis of Rasbora
trilineata, Barbonymus gonionotus, Boraras maculatus, Boraras naevus and Boraras
urophthalmoides revealed that all five species had a diploid chromosome number of
50 and fundamental number (NF) of 100. The genetic analysis at the chromosomal
level indicated that some fish host species exhibited genetic specificity. However, the
differences were not yet distinct enough to be clearly classified. This research project
encompassed the study of fish species diversity that serve as liver fluke hosts in the
province, as well as the analysis of their cellular-level genetic characteristics. Moreover,
the project included community outreach activities to disseminate knowledge
regarding the health risks associated with consuming raw fish. The findings reflect the
regional health challenges associated with liver fluke infection and propose systematic
approaches for surveillance and disease prevention. Fish samples were collected from
both natural water sources and aquaculture sites across Phetchabun Province. Five
species were identified as potential intermediate hosts of the liver fluke, varying by

habitat, season, and ecological conditions. It was observed that certain species played



(@)
a particularly important role in the transmission of liver flukes, especially in

communities where consuming raw fish is a cultural practice. These species should

therefore be closely monitored as part of ongoing public health efforts.
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2.1 mawseulasiuley
nsAnwlasluleaiiionsivaeuinuiu warsusvedasiuleuiiva1eds unazisazideniaaa
szaznuilg (metaphase) Weasanusseendlasiulouvaduuinianviuguseladaau Tu

n1siiuii sngaaluszeziunia lalyaislaaddu (colchicine) ¥ wluansadnainiivana

Colchicum wnloiiadugsnisasasleaduida (spindle fiber) vinluigaandnisuuesiala

v
a a

au130LgsTEzRouIINE (anaphase) ba 3nsw3enlastuleunudladu 235 Ao F5lnenss

' '
aa A o w A

(direct chromosome preparation) 1JW3371deniengaalusienieimdadnisuusiudne
1Aslula Lﬁuwaéﬁﬁqeﬁauuazé’aﬁmiuﬁqﬁaagmaamnm s L%aéLﬁmﬁammﬂlﬁums@ﬂ (bone
marrow) 8133 e 38laeeey (indirect chromosome preparation) szdenwaalusisnieving
awnsothumzidedduemsidsamasmeusnsienie (n vitro) nwaaiinisuusi vielvans
ﬂ'ﬁzézumst,l,ﬁmaé

nMsinzdssraaduudlady 2 wou wuuinidadunisinsdsasaalataiui (ong
term culture) 1unsUwaas1INY WU WwaaRawls Yan fu waaniiunnzideayiianiy
waabilusuanan (fibroblast) S yuuswaaunuie wuufides wWunismizidsawan by
svEzad (short term culture) Taun n1simnzia sawaaiadenna (lymphocyte) Tnetin

=

idon (whole blood) Miflwaafladenvnduduwaaiunvsenganusinaiunszaulvsaandu

'
v @

g¥pdnsmauvamas (cell cycle) wuulalnda (mitosis) ui a.f. 1949-1955 Osgood LAt
mmﬁmwwLﬁysmLsuaél,ﬁﬂLﬁammﬂmmﬁumimzéjummﬁaLszjaa‘ A9 phytohemagglutinin (PHA)
Wuansuselan mitotic stimulating agent Gzhsmﬁ'mﬁﬂﬁmaélﬁ@Lﬁamﬁunﬁwqaﬂiiumiuﬂq
waawuulindale szeznatly nsvdsaras 3 Tu srlawaaumuamniisanely
nsfne dadured lanasinig madanisvhee luresdvymaiu fade wazalsaeues
uanan PHA lalafdudng Audouas romndnisaununarloansnszaumuuagaaiiududn
vianevila Ly pokeweed (PW) uag concanavalin A (Con A) ﬁmmaaﬂﬁz{ummﬁﬁwaﬂ
waaindenvivind B-lymphocyte) o waswnzaufudmnufizuinnin wanisanunly
vaurtugiusuulasiulyulaluwuneunendslalaas hypotonic solution nfuaaieyii

Twaanesdiuiniu dn1snsereivedasiuleus vilunisesiaduduiunagsusiadaiay

'
a
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2.2 msdeudlaslulay

man3ealasTulsslponisinedsaraaidindens HuRswaaLasreaaaaiuudlan
vhnsseudlaeidonismuingUszasavesnsdine (Halnan, 1989) fail

221 nsoeualasTalsanuusTIUm

alvdveuiianlusAudalau (histone) vulasiuley lnedndeulvlawn 953w

'
a

(orcein) ANSTiu (carmine) wazdugn (Giemsa’s) nlashilgyasAndnaonunianunsauensiuay
wazaiavedlaslilouusziraai®imiu o ln uaverruendnuawuiseoswedasiuley wu seu
AoATind e (primary constriction) Seumanafides (secondary constrictoin) wag wevinalav
(satellite)

222 nsteNLaUALUUAY (Q-banding)

dveulaslulanlminnaviin waraiaduwas 4 naenuenundasiyleula
nelanansqanssaungooisaus (fluorescence microscope) TnslaAeawsiia Quinacrine
mustard vhlsanansaduunauuanaavestasiulauynunda

223  msgouuaUELULT (C- banding)

Wumadad viilawavdiwuusinadlaslalenundafuwuy (constitutive
heterochromatin) :ﬁ@mauﬁ’&ﬁuﬁﬁuwaﬁ%ﬁumn6] (highly repetitive DNA sequence) 4
loun Usnaueuinades (centromere) vaufiounn 4 Tasluley uenanidmuiivsnamlades
(telomere) voslaslulauursunsdnaae

224 M3LBULOVALULR (G-banding)
wadadwilsadiniawaulnglyasediianuisoseslusiuiiiiuesausznoves
TasTulon enswniiifonly fo wouledvidudu (trypsin) uanisooumeasuginudnd axviilmin
wovAisaduivnaiennauaniiasiuluurazuinauuundasiuleudumadaiteu

funniign wszdunaiiamilane snuazveuauiinnuaadi

225 N5URLLAUARUUETT (R-banding)

HUMATATILAALAUAIY LAz NASUTUULAEIAULOUFLUUAY LazhaUALUUT e

¥ v '
a =

aa o = a = a A da o ¥ = a
LAUANENAYUASATIVIHAULLO UL UUAT LA UALUUI AD LLQUVlﬂ@aLGUNELULLﬂUaLLUUWJ LAy

= a

AUz indaswnuluwauanuuais

2.2.6  N1TYBULAVELUUUDT

v
a =

Wuwmailadi vinluau nucleolar organizer regions (NORs) And vy Taanisle
a17a¥a189al105 buln s (silver nitrate) Tudnifinsegndundsaruddgud msvdunsey

ribosomal RNA ila 185 uag 28s 8e Ujisensgeumedaiesagdnmngfiuimunueil 1esain



Usnasnaniimsuaniesnvesdudusgnann warusnanivesilysauduesnussneuitlly
TWsiugalaumnmusnaduvedaslulyy Tusiumanidswinlniauaudisimeidesminayly
39 (reduce) Fanaslugdlesstin (ionic) Viludanesdsududs dmumisesaulnyasny
vuUssesneai 2 Mivusuauiivdodunssdndn o lasluleudid seeneniidesison
weninalanlasluley (satellite chromosome %3 8 SAT-chromosome) 7 alyidulasiuley
LB IMLY (marker chromosome) 1a
227 nssevdvulaslulsumemaiavgessaugduiyleuilawdu (uorescence in
situ hybridization %58 FISH)
walla FISH iﬂmmﬁ@ﬁﬁﬂﬁﬁmmu%Q"Vi%alau%lmsg (hybridize) s2113719IW5U

(probe) wag MdueLU Mg (target DNA) Faognelulasiulay nsufiluindufidue vieons

=3

.SuLe (DNA probe w3 RNA probe) @ sinaain (label) aauansi5oauas (fluorocein 3o
fluorophore) fvianed nsmavaouaslmdiudvansduuundeslulsushlngdounisssuned
vulasluley Fefleudonmadia FISH 8nee1awilen “chromosome painting”

nsteunnualaslulsuuuunng 4 disslesuraslunisduglaslulouguiiou (homologous
chromosome) W1ens1aaauLendnuavesiasiuley AnuAaunAvedlasiulen nginssuves
Taslulsy waggaslunisduunieddinlagnaesdedu nmaisudfisunsiugeansisaa

(comparative cytogenetics) 89 uvayaniugiuiiaunsayisasureIimuinisvesddlidinle

(9151 AUATILUN, 2506)

2.3 M3AnwNugAIansianuaslan

Yarlutszmdlne laun Yanlusedlelnsdi (Cyprinidae) wionsAvamziiien 2aduanil
0ou3R (Datnioididae) WiorsAUadens 1aufinlefif (Taxotidae) viorsauandewui 2ely
TnUwes (Notopteridae) wiansAtans e 29AUN3A (Bagridae) W3o33AUaIng waza9Adwesh
(Sisoridae) vi3anAlauaAaamzifisuiusaUafiiduiuinniian sialandey 210 ana
(genus) Uszana 2,100 % Tnsfiuszanas 1,270 viin iuvarfiuidiesesinugside (Eurasio)
Uanlusaiifamnumannvanefigalussfuanauazialulse meduuasiadony Tuoonidedla lu
mMvuensnmulsyuna 23 ana 475 vila wavlunivasninilonuuseunn 50 @na 270 via
(Nelson, 1994) TuuszinalnenuiugUaridaesauss 17 Sustu (orden) 56 29a 700 ¥iln
nAvafinuwauniian fo 2sAainzifiou Sevuesnauos 207 wiia (11dn INeLUN LAy
Ay, 2500) NSzABRYMNLIANIAY 4 TmnaevesUssmalne Yatluana Balantiocheilos
fisrenumsfinuiugmansieaalina1d iy 2 918 lakn Ojima and Yamamoto (1990)

s1eulnvanaarunislum (B. melanopterus) d3rurulaslulauinassn (2n) AU 50 wna



fignsunslolnd Ao 10m+12sm+28a ff1urulasluleui ugrumiiu 72 uag Khuda-Bukhsh
and Das (2007) eauliuaviadiidwaulasiuleufnassnmniy 50 uns fgnsuaslelnd
A 6m+18sm+16st+10a dirurulaslulen ugiumadu 74 yarluana Puntius 9518971
nsfnwLgmanTaalad L 47 9897 Uaunutn (P. orphoides) Sn1sfinwes Arai and
Magtoon (1991) wua 19 srurulaslulendnassninidy 50 uns Tgasuailelnd Ae
1am+16sm-+ast+16a f9rurulastulendiugiuinifu 84 uagnisfnuivas Taki et al. (1977)
sreeuldduaulaslulenAnassanidy 50 uns Sgmsualeln Ae 6m+36sm/st+8a i
Fruaulaslulsuugiumiu 92 wagdn 45 enuiidnuludawiaduluana Puntius wuan
Uananaimsuulasluleufnaosneg sz 48-50 uns fdnnulaslulesdiugiuogsevng 52-
100 Wne

dmsuuawinduiiegluanaideafuladsisnunisfinu Tag Magtoon and Arai (1989)
uay Wu et al. (1991) seslndaanadisiulasTuleufnassamidu 50 una d91uu
Tnslalewiugiuogsemang 76-88 uns dmsuvadluana Epalzeorhynchos fsissufinula 2
viln Inesiv nouana uaziiles 11nau (2536) Anwilutainiuns (€ frenatum) wunildiuau
TasTuloufinaosnimiiu 50 una fignsuaslelny fe 1am+10sm+8st+16a fdurulasiuley
fugumity 72 warludamsaaies (€ bicolor) f5waulasluluufnassamitu 50 una fgas
unsToluy @a 20m-+asm+2st+2da F5maulasluloa ugiumitu 74 dwfuvaruindoy
(Scaphognathops bandanensis) ﬁi'}Emuﬂﬁﬁﬂmﬁuqmam‘waéﬁ 1 97997 1nesiy nou
ana uazaz (2550) nuandduulasluleudnassainidu 50 una fgasuailolnd Ao

10m+6sm+3da 31unulastulgunugIunmiu 64

valuasavandedifies 1 ana Ao ana Datnioides Usznaumetan 5 wiia laun Uande
poUrTalIATl (D. campbell) Yandonadulaili@y (D. microlepis) Yanngwsane (D. polota)
Uandeneanelve (O. pulcher) wazUandensareidn (O, undecimradiatus) (@ulawy Saas
yi¥anl, 2547) TaefsenunmsinyiugmanswaaUarluanaila 3 ol Tnewvswesn Auns
#nd (2550) AnwiadeneaoidndduolesluleuAnassanitu 48 uns fgns ueslelnd o
am+2sm+42a SsuaulasTulenfiugiumidu 54 dwmsuvandeneaslvgydsmaulasiulen
Anaosawiu 48 uns Slansuaslelnd fo 2m+ast+a2a Siwnulaslulesfiugrumdy 50 uag
Uangwsarsd Trurulaslulenfnassmnafy 46 une dgnsuailolnl Ae 25m+2st+42a

fulastulsuiugiumiu 48

(% '
(Y

AsUuUan lu9AUAINSIY NUNTLAUNUTAILANIULININT LawTelnaudaeweansiusean
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=

Wodle dvsdu 4 ana 10 ¥ila lawn ana Chitala § 6 ¥ia lawn C blandi, C. borneensis,

C. chitala, C. hypselonotus, C. lopis wag C ornata @na Notopterus T90aLAE7 A0



N. notopterus #fa Xenomystus fviladen Ao X nigri Wagdna Papyrocranus 1 2 wila Ao P.
afer way P. congoensis (@ulnvy sAALYS T, 2507 WaveIan INeuun, 2544) Yaluana
Chitala Fafisesunisfnely 2 viin laun Yarmesas (C Blanci) uazdansis (C chitala)
TnosTy aouana warildes ungu (2533) nundamesanefidwoulesluloufnassniu 42
uns figmaunslelny fe 42a fdwaulasTulewiiugiumty 42 uasdanseisiuaulasiuley
Awapenin1iu 42 uns fgnsuaslolnd Ao 2st+a0a F9urulasluloufiugiumiiy 42 wae
Uyeno (1973) stesiliiansieiisuandaslileufinassmmiu 42 ung ﬁqml,m‘%lalmﬂ k)
42a Fwaulasluleiugiumityu 42 wasnusuvsues (NORs) vulastuleueil 2 uonaniy
failseaumsfineiugmansisaasn 5 senuidnululamanaduluisavainsie Tngvansa
fifsulasluleninaesnogszsnng 34-62 uns fuaulasluleniugiuegsznang 38-42 s
Yalursavaina fnsnszeiugmuunaniidallaudaiinsesfauanivuensni ey
yAUBuAe lewlseraiug laufimyinzgua lannudszan 200 via dwsululssmelng
ﬁ"]’mLﬂuﬂamﬁ’mqﬁﬁwumﬂ%ﬁﬂﬁqmaalwa Taenuannan 25 wiia (Nelson, 2006 way ¥2an
Fneuun wazane, 2540) fs1eaunisinuilutansdd Ae Yainasm (Hemibagrus wycki)
2 578974 lawn Magtoon and Arai (1988) s18auanilsualaslulaufnassmmiiu 56 uns 3
ansuaslolnd Ae 16m+1dsm+24a Fuaulasluleuiiugmumiy 84 wagsTy neuana (2544)
51992 Wanad Tuulasluleudwaseain iy 62 uns fgasuailolnd de
34m+10sm+8st+10a fiduulaslulsufiugrumiu 104 wagiseanunsinyaiiiogluana
Weatusn 9 1891w lu 5 vila/adaeos laun H. euttatus, H. macropterus, H. menoda,
H. menoda menoda ag H. nemurus S3undleslulesAnassnoyszinng 48-60 ung T91uau
Iﬂﬂﬂmﬁugmagiwdw 72-108 wenniuisisenumsinyaeinduluisduanadn 57
sw1u nunvarsaidsualesiuleninaosney sz 44-60 uns Sdunulaslulesiiugu

9855917719 80-108

% ]
o A a

dwsulanlunalaua Wulaiundeinuunsnszatglunounsi @i5e Juneuls wun

1%
A aa v I

a1 fumn Tne wazvesier Yarlunguiliiiondanenu daunszanemudii awlvgiivuan
4 ¢ valandiuszana 20 ana waw 85 wila (Nelson, 1994) Tuvsswalnenulanneail 6 ana 18
iin (4280 IneTuum uazAy, 2500) T91eun1sAnuiugansLEaavaINAUALALDEINN T
seunsAnelasdanien $9953 wazame (2550) wurUauay (Bagarius suchus) $31uau
Tasluloudnaseniniiu 56 uns fgnsuslolny fe 16m+16sm+dst+20a f9muanlaslulay
flugnundy 88 uazuawuata (B bagarius) fisuaulaslulenAnassanifu 56 una dgns

a

wa3lalnyd Aa 16m+10sm+2st+28a HT1urulaslulgui ugiumniu 82 uasuenanuudadl



L3

swaunsinudatiuisatauadn 10 980y nunvansadisuulaslulenfnaosney
sE93 36-56 W Sdnulaslulsudugiuogsen 66-104
MNNMIATIDNANTIEUNSANYIRUsmARTwadlua T anaulataisny aulgy
Anwilastuleulaelyimaianissendlaslulounuusssun arunisdnvuauduula sluled
sreuitenes sensnvarsavdvlasileudiauddyrilnsmsvdnvaslasdsewes
Taslulsuunndy suazihlugnmsfinwineseslusuian uonanissiivardnuaevdaiisslud

FEUNMIANITUEAERSITaanslukar AU STV

2.4 msialsanensluldisu

e Elulasudulsandadymmienny anssnguiidAyvesuyye wumnlundaeeide
nzfusenidedla Mlaneendiaufiaideinnni 40 auAuLAENI" 600 AMuALAEIMENSAnITe
wens Tl (Yonevanit, 201 Daulnenan 6 anuauiingg Aadenens lulafuussey, 2550)iae
Tuna ayfusenidounionianfadongslulugu 1.5 - 2 auau @nssuininen, 2550)
JanInnuesligng) wuUszanauiaidenenslulusuandusosay 7.84 ailufiufiswnens Yy
Sosdaudusesay 6.65 @iinnuassuausineryades, 2550) oupiSaduamanisdedin
vosaulng Sudunug Instanslsausifmetidluna ey usenidsanideduulufiuiunnd
210 39.9 Tud 2544 1fu 51.6 AeUszvnsuaunilud 2554 (dinenulsueuazevseansns
N5219a515049%,2554) FeuziSmothAulsaniledl duiustunisindelsanesluludu Inewa

ns@nwvesueITenesluluduiaruziimend umInedeveuunu nuIIAUEEIRNENNS

£ '
=

Juugis neudduegnusiuauwesluluduiinuluyana duowasanveazuesaniuise
Tsauzifsununend flaasiameslulududuainawdnvesnisifa lsausSmetdluay
(IARC,1994) ﬁaﬁuﬁaaqﬂlg Twenslulslugututasendadivilmnanlsauzise netdluau 91n
Guyagammeqﬂmaﬂsﬂwm%iuiuyéi’u U190 ULAZHANITATIIE 9918 1T 1A UL ME
oraziquantel 6 1oy wulawensluluduissesas 8.92 (FdneuanssuaueLneAIuLIeN,
2556) ggneulmiiuanfinuannisiiiunisifissnisaeen amensesaiesluanansay snu
wazanvaulsn” wesluludule Sudunesdnumadeidsmesnis alsanensluluduyes

Usganvuluiud iedmanisanwflauiduiwimsunsunladymisa wesluludu

2.5 Yamnznesluldiu
weSlulududuannguanvesnisidunzismend (cholangiocarcinoma) Anmalnanis
Auvanundananunnssgalaineiiien wu Yameidiieu Yanladu Yainszgu Yands Juau 7

Aaeauszezinna(metacercaria) WngUselugnyisedu 1wy arvvatdvu nesdal Uanau Yaiaey



upu vndinsindensBlulasuues q wtlwisnssnauuinadoynetihdiiadusisia
waznaneiduniSetula Tnefisemunmsfndensdlululusuifiumimdes 6-7 imaenady
uzSemethd wagnssuusenueIEmeTs praziquantel asdfiuanuidss 2 imaenisiduugiSe
yeud wuifiaiu anmsdisamiugnfooune e fanemieesniiie Tunquiannde
arlufiufiongunin 6 uns lown waguamd 1, 6,7, 8, 9 waw 10 Tud 2562 veanaslsafinne
72l nsumuanlsn s wuan Sunulainsiarianan 4,711 f1 wofiene1idesuszes
wngesAdesiuau 579 fdnudu sepay 12.30 FedanfinudnsnisianeBuiniiga fo Uan
yaves sopay 5.5 0% launtanaia Uapgiiounn Yamuiands Janasosunian uay
Uanunazuas Anudusosas 1.90, 1.10, 0.80,0.70 wag 0.50 ARy lawiziuiiiungunind 8
pavanTianan 1,511 1 wufianendioousserumgasanisiun 198 d Anidusesas
13.10 Faganannnsaui 6 s aaunsinweugnlsaueuneslulssrvunarleanfanans
TuFansseuuinaiiuilasinisernfuiudaenanouuy sSunoudaen Siamn uan1snaa
93nsglulssyIvu WU 449 518 wunsfalsAnuouneSaun 23 18 Andusesas 5.12
Fuunidunedluludu sevay 2.22 nan1snsaUantndnsauangifouiaan 406 2 Aaide
wngesATe 201 ¢ Andusesas 4951 Suunmerdlulula 2 nau fe nquwesluludila
summﬁﬂsuaﬁﬁmguazﬂu VLGTLLﬂI Centrocestus formosanus Wag Haplorchis sp. LLazﬂﬁj;ll‘WEJ’lg
Tulusfureseu laun Opisthorchis viverrine wagnnsanwdnsmsAelsanueune sludsyssy
wazlaannsnandludannaouiiuil lassnisusudgsseansamnsiiudniionafuigiun
Farfaniwdug wunsfalsenesluluduluau sesay 1.5 danidaindavnindonesluly
sevay 35.82 wenaniilud 2562 nsAnwnisindeshooune sluluszerwmigesanisly
vanhiafienafviuaily sunedlesunu Swdadiung munduuala 200 # Suuniuguaile
12 ¥fia aranuUaAndediu 153 d Andusesas 76.50 fomuadunesluludlasadn
LLamﬁmﬂmﬁﬁmiamL%uawan%ﬁqﬂﬁa loun Uammiunds ans&m’%aﬂmagaaqﬂﬂgw warUandn
A3uLA dmsuanunsalsanenslulusy wAgunNil 8 :InnsiLlununmsTYi1daTym
weslulufunaruzi§ et d 2559-2565 nudmsnisiadeneslulufusosay 12.25, 10.91,

3.53,3.07, 5.06, 2.40 uag 1.67 MuAFU (Yayifleu enaiduns 2568)



uni 3

ASANTUUIY

3.1 MSNUAIBENY

Ausessuamanunanisssusfuiinay 20 fesnameUszeng Tasasiusossan
wiasih Tuiludl o viuadls Fanfamvsysl ntuhuaafesiivesfjoinig awividaine,
anuzingmansuasaluladlnededdugfosanun 60x120x50 wufums flunigoendiau
paeana wavlvewnadiatuay 2 ads Beshhauninasrhmsdng

Anudnwazaguesnauduguinewilessyiadegnsan

thiog1aannaadey LLaz3zqeuﬁmimaisgl,aﬂmsmmﬁﬁaeﬂaqmam Inguun (2548)

280 TN wagAne (2540) Kottelat (2001) wa Rainboth (1996) n1sfnundeingemans

‘171'Lﬁuﬁ88M§U§®mﬂugﬂu%agaaaulaﬁ Catalog of Fishes (Eschmeyer, 2017)

3.2 fnwdunugaanssziuiead
SnnusegitasAnvmuiugmansssdumaavinas 15 feg1s duseisfivioa
aeafiuladuiesaUssuiiio Sﬂgumauﬁﬂmﬁ’uqmamgszé’m&aaé Us¥naumiy Tumneunig
wienlaslulon nswsevalan nsoendlaslulay nsasavaeulastuloy n1sanviuaslelny
uaznsaTAlounTUNIRSEIL Fameluil
nsiessulasiulaudan
Msw3enlne3Fvnemss (direct method) anludadedidin (n vivo) Tnesauuasn
MNISvatoaInNan WLDoLNDs (2558) uay Supiwong et al. (2009) fail
Snansaranslaadfuurusosay 0.05 Usunal 1 fadans neuminga 100 ndy
nFaLdnYemes uaztanzaiuvedlaun dadududn 9 Tuansazarelnuadounaslsa
w9y 0.075 Tuans (KCL 0.075 M) waznouwaavunndnadunasadumiowun 15 adans
duansazanelnunadeunaslsnadUluaondumissssunn 6-8 fladans Jufunznoulaa
ﬁuﬁqmmﬁﬁawismm 30 wil Ymzneuwaaludufininuna 1,200-1,500 seusewiiidunan
10 Wit ealavnsuy Wanhendeanan (fixative) AiflaunauvosuLea (methanol) 3 du
nensMoEdAn (acetic acd) 1 @ Medeuluy q uasfudaiiaznoneynwn q nseufulven
veoalume Wuuasu 7 Sadans thansazangludud 1,200-1,500 soumouiitiuan 10 undi
feaularsuy Wuendsanmasly 7-8 Sadans Judnads vheileansnzneuaaluayein

3-4 A% URENOUWAALUANTAZAERSLTAalIT -20 BeAwALTYE AUNNAEANA
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mswisualantaslulyy

thasnouwaaiissesliuameavualaniazein 1-2 ven lneveaniaaindlan
10 wuiwnas Weneaasunan 15 Juriilumeatieinisanmaiudn 1 nen Uaeslnune n1s
wisualanavsienannesisiiay 8 dlan

nseoudlaslulyy

thalaniinsenlauinseendlasiulauianuusssunuasuuuidulons fal

AMsEauLUUsTINANTWYNseeualanaediuen AN usosay 10 (10%
Geimsa stain) Tunealndvies (phosphate buffer) fiflananuidunsnnie 6.8 (pH 6.8) 1w
nan 30-45 Wil wmnansalanmeunduluazenn Al (Rooney, 2001) tiluasiaaeuniela
ﬂgaﬂﬁ;aVliiﬁﬁLLUUEL%LLm

dmsumsgounavduuuiulents faulatanianisves Howell and Black
(1980) fsilalanfiazoounasfionyszying 1-7 Tu lnsvdlanfiwisulluoufigumad 60 asmm
walded senaney 3 Falue venanRuNTLsosar 2 atudlan 2 Ve wamesdaneshuias
LTusEEaT 50 (50% AGNO,) asuudlan 4 vien Jnmenszandadlan LLE:’Jﬁ’lL{II’léjE]Uﬁ 60 997
wadea \unan 5 wiit viesunalanaviasududivdeasy muishuaudlanudoudy
aumalagifinuin) andaneslumsmauivosnmenndu fwalanlmievuns Wlugeuaied
Jugnanvusevay 10 Turloamlatviles pH 6.8 Wurm 30 3wl ansmetndu Aduumeaiily
Gmaaam1aigﬂgmqammﬁuwiﬁgum Aasuee 40X

nsnsrvaeulasiulyy

Aenwaaidlasluleussozunuansyatedilugeuiusy drunateaw
Taslulenlnsloiaudng (objective lens) Mdseny 100X Inslyganeamdnotunaes
qavssay viselunaesianen weaneiudunulasiulasanamanelaslalsudium 100 waa
audvessaulasluleufinuinniian wwduavesdwalasluleuinassnvesdeidimu 4
nsuduglasTuleuiivilousu (homologous chromosome) wagAnwilaslulealngnisman
amemvesweulaslalauwneen (ong arm; L) mmerivesusulasiuleuensdy (short arm:;
Ls) wasFurumauevesiasluleuunazung (total length; LT, LT = LU+ Ls) A1u28uA1
relative length (RL) wa¥ centromeric index (C) it aszyuiinvoslaslalen uagiianiilaluly
Usznoulumsdavinueslolnd uazasadilounsumnmsgiu

mssaviueslelnd

FAuUasanIsnisvestueniny (2532) easnan uWiLeauvas (2554) way Turpin

and Lejeune (1965) lugumeitlatlumsduglasTulsuiimioutu Insmsimunsumuasulng

Wesvaalasiulouwnarenaluaa T9A1ANNe71 U89 ULAS IUIYUUI9817 ANAINULE1IVDILIU
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Taslulsuwnedu theitlandamanuemvedaslulaunazuns Saiseeanslolnd luises
pumnusnvedlasiulenunazganannluviues snnulesluleunasznadugganioyuans
geiaue nesvonmneavradlasiuluunazaaiua Mundlaslaleylnusursduogaiuuy
LLGZJu{JINEJTJE)EqJ;G;JWué’N

neuevedaslileuuarsuuawoseulnsifles uaraunsatun Ayl
3.A1 fie (1) centromeric index (2) arm ratio waz (3) relative length @1y 2 Arwsnidusy
Uaﬂgﬂiﬁwaﬂm‘[miwﬂgu q a@wandl 3 iuaeventuiavediasiuleumdwunadlefioudu
Taslalondu o sre3luy Tnethen relative length @mﬁw 100 Inelaslulsyuualngfiaaiiou
\Ju 100%

mm%uqmmm%lalmﬂ

ansiugrudmiunindeu uaslelm Wuded feinemans Sruaulaslulsud
WavEAlAAU (2n) W3eamnemiu WWJJGT’JEI‘\TWN’JH‘Uaﬂiﬂﬂﬂ%u@l’lmg’lEJLﬂ%@ﬂﬁﬂ’l&l’i}aﬂ’lﬂmm
meaulsznevvedaslulanma Beudadnual L M waz S unuwualasiulealng nans waz
&0 aud ey wazileudydnval m sm a wae t wnu Taslulsuadaunneunsn lastulouwie
Fuungsunin laslulauydaezlasaunin wazlaslulenviamlawunin auaiau Tuanvey
sun Anulasiulay LLG]IaSGUUWWLLaSE‘LJiIN Jusay Mesunusludnuaesvos

N391BAloWNTUNINTZIU

§alounsu Ao lnozunsunansuailelndveslasluley 1 gausnasen 44
Usgnaumelaslilsusanie warlaslulsume Inglsvoyaniaionrmemuedasiuloy U
vadlaslulon wazduwmasulnsdles sleunsuaninaianmsseudlasluleuwuusssualyieas
svavamlavingy 20 waa Yndauaslelnd wartnnnusnveselaslulonrsen was
wrulaslulsnvraduvelasiulounng aastiedides (vemiern) fnvinainiindalounsunie
ABuRIAeS ImamﬁmhflLaﬁaﬂmmansﬂaﬂﬂiiuiwLwiaz@;maﬁufmﬂiﬂWImai%IUsLLﬂim Microsoft
Excel Tnunusis (v) Wurnuemnveslashilvuunaze wasunuueau (X) iuddureslasiuleugdi

nygalumaianign snulastulsumadndunaanie wanhunusugussedasiulaulag

TalUswnsy Microsoft Word %58 Microsoft Powerpoint (8a9nNan Wnueaunes, 2554)
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NAN159¢

4.1 m38unl819Uan

'
v v

AsIuunYdaUan aunanves Taylor (1962, 1963, 1965), 35n15indaaluveslan uag
nsTusIMILYeINLATUAN 1 ankUasnuilsdeuUan1sivn Juinen vesnneUseas unae
\numseans snusseilulinrumnesmellil

D; Dorsal fin = A3UMaa A; Anal fin = ﬂ%‘ug‘u P; Pectoral fin = ﬂ%‘mg V; Ventral fin = AU
‘ﬁaq C; Caudal fin = ASUNY SL; Standard length = mmmmmﬂqmaa%ﬂaamﬂﬁqﬂmaqﬂ
Y8INTEAN hypurals HL; Head length = mma’nﬂmaqmm%qaamﬂlﬂﬁwaw’ﬁuﬁﬂaqmsuaq
LLsJuﬂiz@Jﬂﬂm'ﬁaﬂ Body depth = ¢ w??amﬂmﬂsuauéjmwsuaqgwﬁw%nzuaqm’%'méjwumﬂ%‘u
MEIBWTIAIUAN Body length = mmmwaqgﬂﬁamﬂﬁuwgﬁuﬁﬂsqmﬁuammuﬂsz@ﬂﬂmwﬁaﬂ
093113 Caudal-fin length= ArugnIrsumalaginainlaiganvesnsegn hypurals felmesn
299A3 UMY Caudal-peduncle depth = izszsﬁg’lqmﬂﬁuaumymuuqﬂﬁuamawwaamﬁwau
AUENTBIABANIS mw%nméauﬁmuﬁqm Eye diameter = Lgusimquéﬂafmwiwm Post-
orbital length = mmm'gmﬂfuaumymwé’waqmﬁwawqmaﬂLLw'uﬂiz@Jﬂﬂmm'ﬁaﬂ Snout
length = mmmamﬂﬂmaqmaawagjﬂmﬁwawﬁymwﬂwaam Total length = AU81331A
UaegnuadazsegindsUaganvesnsums waulsdu (1, 1, lll..etc) = SAUNUARULTS

avens0n (1, 2,3 ..etc) = STuIUNUASUBEY

msfnyfugmanawaaeslatluasdl Tumesnsan nuaailuiiud Fandamasysal
Suunarumarnedalasiuau 5 9ia lawn Yardmuangn Yarasesunn Yaidumesues

Uan@iaugn Laglandiny

4.2 WugAansiwanvaslaifrensfouduuusisum
Uan@muanen
wamsfnwlaslilsmesa@muanemnundsuulasiulaufnassamiiu 50 und ua
flasTuluiiugu (NF) i1ty 100 Uardmuanerunagiazinedoddnsazvodlasiilyuly

LANANEAY (NN 4.1)
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ad 4.1 lastulaussoziunndvesuaig1nulineil (2n=50) lagni1seaudlasiulay

WUUSSIUAT alna = 5 lulasiums

UadSagunsun

NaN1SANYILASIUloUYRIUANESRYUNYT NUILIUIULATIIGUANADYAMINY 50 W4

warillaslulouiiugiu (NF) niu 100 Usasesuniwunayuazineiledlidnuuzvadlasiulay

Tuwmnenaiy (A 4.2)

and 4.2 laslulaussaziunmavaalatasagunan (2n=50) Inen1seaualasiulouwuusIsuan

ana = 5 llAsiuns
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NaNNSANYILATIUlTUYRIUANTINYTUBY WUNLUIULATIUIDUANADYAMIAY 50 WN4

wagdllaslulaniugiu (NF) wniu 100 Yagunsues wneklazinadledidnuuzvedasiulyy

Tuwmanaaiy (A 4.3)

A9 4.3 Taslulouszegnmaveslan@nysuey (2n=50) Ingn1suaualasiulay

WUUSSITUA @lna = 5 lilAsiuns

Uan@anuyn

HansAnwlasiuleuvesUanFiaugn wuniiduulasiuleuanassamiiu 50 ung

wazdlasluleuiugiu (NF) winiu 100 Ya@ianugn inakiazinaileiianuuzvedasiilyy

Tuwpnanaiy (A 4.4)

A 4.4 aslulauszezumningvesuan@iaugn (2n=50) lngn1sueualasiuleuiuusssun

ana = 5 llAsuns
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Uan@ny
Han1sAnulasluleuvesa@mynuniduulasluleuinassaniu 50 wne uagdl
lastulawiiugiu (NF) mnfdu 100 Yandmy weriazinadedanvauzvedasiuludluunnaiiy

(mwﬁ 4.5)

and 4.5 aslulauszeziumninavesan@imy (2n=50) lngn1svaudlasiulauuuusssunn ana

= 5 laulAswuns



unim 5

3150INaN1ITIVY

5.1 msAnwlaslulauvasuarfaenisdaudnuusssun
Mnuansinwlastalouveslaivardmuangns Uanasesusnen Uardanasues
UanBaanuan wagUadmy nundsualashilesfnaosamiu 50 wns weeilasluleuiiugiu
WU 100 mejl,t,azvasiLﬁaﬁé’ﬂwmwaﬂﬂﬂﬂ%ﬂﬂLmﬂﬁhqﬁu
MnuansinulaslilouvesUaiis 5 via Fedneglunaylenidinunaeanaosiuneny
AsAnwinIuL awn lulan@anavands (Rasbora) HALIAINTIBIIUNITANYIVOS Post
(1965) Tuda@nansslng (R trilineata) wazdadwrsviilvay (R heteromorpha) fis1eeu
iidwolesiulan 2n=48 Sruulaslilenfiugiuvesuar@iluliuauuamiu 100 dennaes
Auvandaueou (Ragillis) (Donsakul et al., 2009) LALANAT9NUA1TINBINIUIIEIIUVD
Donsakul et al. (2005) fiseausiunlasTalsaiugiumidu 86 Snfsainnisfnuinuinyan
Fluluuavvniiuaslelndusenaunie 2n (50) = LM + L5 + L% + M™ + M™ + M2,.1ile
LU%‘zJ‘ULﬁauﬁ’mwsmuﬂwsﬁﬂmﬁﬁmuﬂwm%aﬁu6'] luana Rasbora (Donsakul et al., 2005)
‘W‘U?IWE‘LJLL‘U‘ULLﬂ%I@iWJﬁﬂ’J’]QJLL@ﬂG]"NﬁU m’mLmﬂG{NﬁyawLﬁ@wmﬂﬂaﬂﬁﬁwﬁﬂwmwﬂﬁiu
Uszmnstusmdunamilslunssuunedalesiuleuuanaatu sgnsiidnsdnuluvaanadu
9 Iu’NF? Cyprinidae A miﬁmﬁLLﬂ%IEJbLVI‘JﬁUEJ\‘iUm%ﬂUVLr}J' (Danio aequipinnatus) ﬁmﬂLLle‘lfﬂ
Assam, Lockchau wag Gadana luusswmeduiie wuanfishuaulasluleaniiu (2n=50) uad
waslelnum e ude 14me32sm+da (Khuda-Bukhsh et al., 1986), 8m+42sm,
6m+34sm+6st+4t (Sukham et al., 2013) wag 14dm+11sm+15st+10t (Shanthipreya et al.,
2015) dwludsznelneiinsdnvueslelndlutandlulwuiu wuiueslelniussneune
8m+28sm+10st+4t (Magtoon and Arai, 1994) uag 8m+42sm (Seetapan and Moeikum, 2004
) uenanidamuanuuanaessUuuuueslelnyd usiisuaulaslulenmflulmeindeai
Afisreeululszsmalnedn wu Yainsiieunsie (Puntius brevis) §afunslolndde
2m+2sm+44st+2t (Piyapong, 1999), 2m+2sm+44dst+2t (Donsakul and Magtoon, 2008) way
4m+4sm+4st+38t (Nitikulwopawong and Khrueanet, 2014) 31nn15US UL B UTIUIY
Taslulendifinsfnynumluanaderfunuivanssiefouulaslulewdu wilsluoy
TasTulonfuananetu Ssenaiinnnisdiaunisvess wu ansaeadunuuluaulnsidles
sty (Pericentric invertion) unu Viluguuutlashileuunnateiu uasfnananinwinasy

Megenfe Beonainmnunlsiuresinuiulasiuleula (Tanomtong, 2010)
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TunsAvanaeiiiounsdgos Cultrinae G9a1nnan1sanelasiuley wazuaslelvlvesUaly
N@?é%ﬁé%ﬂ%@jﬁiﬂﬂﬂ% 2n = 48 U (Arai, 2011) aqaﬂmLLUUﬁmiﬁﬂmmLLgﬂmJismvﬂ
Tnewuranulutes & 2n = 48 une NF = 82 Usznaumelaslulausdaumiaunsn 16 una
FULNNIUNSN 18 une prlAswun3n 4 ung wazwlawunsn 10 uns (Donsakul and Magtoon,
1995) warludauuunuind 2n = 48 uns NF =76 Uszneunielasiuleuwdaumieunsn 14
WV9 FULNUNGUNIA 18 uns orlasiounsin 6 wnskazimlawun3n 14 uns (Donsakul and
Magtoon, 2003) Wewdeuifleunundauduaneiisunulasiilsugonaaesnnsluadeasuay
analneInu wandlnitufennu duiusmieifamnnsvesuatlunasesinsdienulnadai
Uanfduussnyswi ssanualusmaiulngy dswaulasluley 2n = 48 voyadiladly
Uizﬂaumiﬁmmﬁmﬂaﬂﬁa@uﬂﬁmLﬁmﬁwﬁqsﬁa81uﬂﬂi€1’mf\i’wLLuﬂmqaqﬂiuf‘sﬁ’mLLﬁ’h
wpslolnuagaulaslulen fugiunsfusaauuanasiannsalysuunsinvauuula
iosannUauluunuesuay ﬂmLLUUﬂawaﬁé’ﬂwmszé’myu%améj’]aﬂﬁaﬁ’mmﬂdwﬂ17'1'1(;{
"?NLﬁu%a;ﬂaﬁﬁwaﬂﬁqmmLmﬂmwawﬁmﬂaﬂﬁﬂuaéwﬁLLasmﬂmsﬁﬂmﬁmmquagwudwﬁ
GT?LmﬁaagjuuﬂmaLLsuuﬂcTwaguﬁJaaIﬂﬂmisnm@ﬁS?Nﬁmumﬁhﬁjlﬂﬂﬂﬂmiwm%lawmsjsiflwzﬁ
Snvazanzuanaisaintasiilonunadug wazdaudnisludd T3 awnazeindauise
vnlydasuunlansuazainnisiiamasnsinvuinvedasiilyy 20 waauvdnlewnsy
yasUawdaiiusslondunsimseilasiulalaasamnuintudiewssuiisufunsanean

weslalnd

ayUunanisAnen
Tassmsiteiladudunisdnwauainvdaveslariidunmzvemensluluduly
Frfoumesysal snslinsiugnssussdueaauesamveiiny uazn1sanevonosn
AusgraruAstummdssnnnsuslaaaidu Tasnanisinuilaagnoulvidiunimsiuves
domidsiiufinuguam wazthiauewumdlunisesy TuazUastulsaanne slulusuess
duszuuanmsdsmauasfiudiessualluiuiidnw asounquuvanisTsuRRLazLIAS
wneidsdu Sandamvsysal wundivardiuau 5 via Adneglunquuamngvameslulus
Faflarmumnanatusuuvasin ggnia wardnvuenaszuuing Wi wudaruiseda o
nauUa1®1 Uarwnn funumddglunisunsnszaisvesenslufiuiiiinnsuslaavaifuidy
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578M157a0aUNTal 151AN WATNISLATENATITHN 9

1. Fanaunsniuazansiall
1.1 Yangunsal
- Jnnesawianis 9
- mmgﬂmwjmmméw 9
- nsgAnuuds
- NITUBNAN
- NSIUN589
- Tedwmiugewd (staining jar)
- nszuendne (syling) wasidudnenvunamg 9
- Automicropipette, micropipette Wag pipette PUIAAN 9
. veendEpawaavun 10 uey 15 faaans
- padled
- pufsweanegea
- uwudlan
- asesduniies
- vieeanyn
- AT 09NTBIANT UATLHUNTOUULUTY (Millipore membrane filter) 4un 0.2
lulasdng
- ipdesdunazBen (balance)
- i
- ﬂg’aﬂ‘-gaﬁ/liiﬁﬁLLU‘UI%LLﬂQW%janqﬂﬂiﬂjﬂl’lﬁlﬂ’lw
1.2 asiadl
- Tnunadeunaslse (KCU
- 18U (colchicine)
- lMuULa (methanol)
- LOUBa 95 way 70 L‘UEJ%L‘%‘L!G; (ethanol 95% wag 70%)
- N3METIRNUNTY (clacial acetic acid)
- Booudum (Giemsa’ s stain)
Tieulelasiaumsueiun (NaHCO,)
lepeulalasiauneadnn (NaHPO,)

- Iuwnadeulalasiaunadans (KH,PO,)
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- nsalglasaassn (HCU)
wmienlansenlen (NaOH)
2. NSH3ENATITAN
2.1 nskIgu Hypotonic solution 0.075 M KCl
2.1.1 ansilanIen
1) KCl crystal
2) Wndu
2.1.2 By U3uasfiwdey 100 fadans)
Fawdn KCL 0.5588 n3u avanslutindu 100 fiaddns weraundnazans
yun iulavanlifigumaiives
NUNGLUR: 13'18753?’@1&4?1'151%&114 1-2 &Uam
2.2 maw3sn Colchicine
- gn3#l 1 94 colchicines 0.005 Ny avanetndu 10 fodans
Tapnaawu 0.5 Jaansay/ fadans
- gn3il 2 45 colchicines 0.0025 N3 avaetINdY 10 TadEns
TaAunay 0.25 Jaanti/ fadans
- Colchicine powder Lﬁuﬁﬁqmmﬁ 2-8 Dy YaLTYd
2.3 M9M38Y Fixative
2.3.1 ansilaeien
1) Glacial acetic acid
2) Absolute methanol
2.3.2 T
1‘{1} glacial acetic acid 1 a7 wauiu absolute methanol 3 @ LAuld
110 wilugidu (reasoulvamnasy)
2.4 M19383 Sorensen buffer
2.4.1 ansilaeIen
1) Stock Solution A: 1a KH,PO, 9.1 N3u avangtindy 1,000 dagans
2) Stock Solution B: 1 NaHPO, 9.5 n3u avaneINau 1,000 {agans
2.4.2 T
19 Stock Solution A 50.8 fiadans meuiyu Stock Solution B 49.2 fiadnsy
a¢l@ Sorensen buffer (pH 6.8) 100 fia@n3u
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25  nswieLAgey Giemsa
2.5.1 MeeTeudue 10% (10% Giemsa’s Solution)
43091 10% wW3BuaIn Giemsa’s stain Tywiia Stock Giernsa’s Solution
1nggAdd®191n Stock Giemsa’s Solution 311 5 fiadans azanelu Sorensen buffer 45 fadans
2.6 N5AI8L Phytoheamagglutinin (PHA)
2.6.1 ansilanIey
1) PHA Powder
2) dndu
2.6.2 Towne
a¥a18ns PHA neu1ndu 10 daddns wenlwendu vl 2-8 e
waged
2.7 nsessuasazany 1IN HCl
2.7.1 ansilenen
1) Conc. HCl
2) Thndu
2.7.2 Fwen (USuasiiwedon 500 faddns)
la Conc. HCL §1uu 43.68 fladdns naufuiindy 456.32 Jadans lag

Ave 9 U HCL asluthndu (omasseiomaum HCl aslwinay wWusuvie ualmmnse HCL aslu

vhndu)
2.8 nMswsguasazaly 1N NaOH
2.8.1 ansilanIen
1) NaOH Crystal
2) Thndu
2.8.2 3wen (USumsiiwdon 500 fadans)
Fandn NaOH 20 ndu azaneluundu 500 Jaddns iulavaalait
qmmﬁﬁaq

29  NSM38U Hank’ balance salt solution (HBSS)

2.9.1 @a1snbumsey

1) HBSS powder
2) NaHCO; crystal
3) 1 N HC

4) 1 N NaOH
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5) vhndu
2.9.2 J[nsed
1) azany HBSS powder 1 g03lu Erlenmeyer flask ﬁlﬁ‘lfﬁﬂéjuaql 500
fla83m3 aneea HBSS ﬁamagﬂmaaaaﬂiﬁmmLﬁmﬁwﬂé’muﬁﬁmm 1,000 Uagansg VU
saneiulan

2) %3 NaHCO, 0.35 NS ava1ewan NaHCO, luansazans HBSS wenau

NANAZANBNA

3) U%U pH Tagly 1 N HCL waz 1 N NaOH aula pH 7.1-7.3

8) Vrlwlaeaidolagle Millipore membrane fitter vun 0.2 lalasians

5) wuslavan vInar 100 §addns (aseptic technique) Wivfl 2-8 aarn
\walge

2.10 Msiwseuasazans AgNO;
2.10.1 ansilanion
1) AgNO;
2) Yndu
2.10.2 F3Lm38
1 AgNO, 5 n$u avanewdn ANOsluthndy 10 fiadans Wiuliluvassily
ﬂizmwwgaéﬁuﬁaﬁuuaa AUl 2-8 semwadoa
2.11 M3Lw38u Gelatin
2.11.1 ansilaaien
1) Gelatin
2) nsavlasiin
3) Wndu
2.11.2 F[w3e
1) % Gelatin 1.5 ndu avaeluiindu 50 fadans felnduiionmnives

2) Wunsavlesiin 500 lulasans
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Summary This research aimed to examine karyotypes of three Boraras species, including
Boraras maculatus, B. naevus, and B. urophthalmoides from Thailand. Chromosome preparations
for karyotype analysis were obtained from renal tissues . Conventional staining technique was
applied to stain the chromosomes with Giemsa’s solution . The results of this study revealed that
all Boraras under study possessed the same diploid chromosome number of 50. Their karyotypes
were as follows. Boraras maculatus had 3 metacentric (m) + 21 submetacentric (sm) + 1
acrocentric (a) pairs with the arm number (NF) of 100. B. naevus possessed Sm + 17sm + 3a pairs

and NF=100. B. urophthalmoides had 6m + 17sm + 2a pairs and NF=100.

Keywords Karyotype, Boraras maculatus, Boraras naevus, Boraras urophthalmoides



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Boraras currently includes six species, most of which were formerly placed in Rasbora
Bleeker: B. brigittae (Vogt, 1978), B. maculatus (Duncker, 1904), B. merah (Kottelat, 1991), B.
micros Kottelat & Vidthayanon, 1993, B. urophthalmoides (Kottelat, 1991) and B. naevus
Conway & Kottelat, 2011 (Conway and Kottelat, 2011). Several phylogenetic investigations have
recovered Boraras as amonophyletic group and suggest that the genus 7Trigonopoma Liao,
Kullander & Fang (=R. pauciperforata-group of Kottelat and Vidthayanon, 1993) may represent
the sister group to Boraras (Conway, 2005; Liao et al., 2009; Tang et al., 2010). Members of the
cyprinid genus Boraras are small, brightly colored fishes that inhabit swamps and slow-flowing
streams throughout much of Southeast Asia (Kottelat and Vidthayanon, 1993). Reaching
maximum adult sizes less than 20 mm in standard length, all members of Boraras are considered
miniature fishes (sensu Weitzman and Vari, 1988) and exhibit a number of reductive
characteristics, including the absence of the body lateral line, reduced cephalic lateral line system,
low numbers of scales, branched fin rays, gill rakers and pharyngeal tooth rows (Kottelat and
Vidthayanon, 1993), and the complete absence of a number of skeletal elements (Conway, 2005;
Britz and Conway, 2009).

Karyotype studies have played a crucial role in understanding the evolutionary history
and diversity of fish species. Indeed, fish are excellent models for cytogenetic studies because
they exhibit diverse karyotypes, including diploid and polyploid genomes, in addition to sex
chromosomes, which offer unique insights into chromosome structure and behavior (Cioffi et al.,
2010). They are used to identify genetic disorders and can be helpful in understanding
evolutionary relationships between species. Nowadays, several methods namely, conventional
staining, C-banding, Ag-NOR banding and FISH (fluorescence in situ hybridization) have been
used by ichthyologists for the gathering of cytogenetic information of fish (Sola et al., 2000;

Kavaco et al., 2005), yet each of these methods provides a different aspect of the karyotype



72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

characteristics. Further, karyotypic information can throw light on phylogenetic relationship
between different species and karyotype evolution in fish species . In view of the above,
cytogenetic data for Boraras are scarce. In the present research, karyotype of Boraras
species typically involves a diploid chromosome number of 2n=50, with no observed differences
in sex chromosomes between males and females. The fundamental number (NF), which
represents the total number of chromosome arms, varies. For example, B. maculatus has a NF
of 92, while B. urophthalmoides has a NF of 94. The karyotype formula describes the number
and types of chromosomes. For instance, B. maculatus has a karyotype formula of 2n (50) =
6m-+ 15sm+2a+2t, while B. urophthalmoides is 2n (50) = 9m+ 13sm+ la+2t (Donsakul et al.,
2009).

In the present study, we explore the cytogenetic report of three Boraras, including B.
maculatus, B. naevus, and B. urophthalmoides . This study is the first chromosome record of B.
naevus .In the future, basic knowledge and cytogenetics of three Boraras species could be applied

to several studies, especially for their cytotaxonomy.

Materials and methods

Preparation of chromosome spreads

B. maculatus, B. naevus and B. urophthalmoides specimens used in this study (Figure 1).
This research was conducted under animal use permission of scientific purposes code U1-05662-
2559. The chromosomes were prepared in vivo, and cell suspensions with mitotic chromosomes
were obtained from the anterior kidney, using the conventional air-drying method (Aiumsumang,

2021). Conventional staining was done using 10% Giemsa’s solution for 10 min (Rooney, 2001).
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Metaphases were photographed under Olympus Bx50 microscope (Olympus Corporation,
Ishikawa, Japan). Chromosomes photographs of 100 metaphase spreads were taken from each
species by conventional Giemsa’ s staining and the best 20 were used for karyological
examination . The length of the short arm chromosome (Ls) and the long arm chromosome (LI)
were measured and the length of the total arm chromosome (LT, LT = Ls + LI) was calculated.
The relative length (RL), the centromeric index (CI), and standard deviation (SD) of RL and CI
were estimated (Turpin and Lejeune, 1965). The CI (g/p + q) between 0.50 and 0.59, 0.60—0.69,
0.70-0.89, and 0.90-0.99 were described as metacentric, submetacentric, acrocentric and
telocentric chromosomes, respectively. The fundamental numbers (NF, number of chromosome
arms) were obtained by assigning a value of two to metacentric, submetacentric and acrocentric
chromosomes and one to telocentric chromosome. All data were used in karyotyping and

idiograming.

Results and discussion

All studied species share the same diploid chromosome number as 2n=50 and
fundamental number (NF)=100, but there are differences in karyotypes. The diploid number of B.
maculatus and B. urophthalmoides were in concordance with previous cytogenetics data
(Donsakul et al., 2009), and similar to another species in Rasbora (Post, 1965; Khuda-Bukhsh et
al., 1979; Donsakul and Magtoon, 1995; Manna and Khuda- Bukhsh, 1977; Donsakul and
Magtoon, 2002; Seetapan and Moeikum, 2004; Donsakul et al., 2005; Donsakul et al., 2009;
Yeesaem et al., 2019; Aiumsumang et al., 2021; 2022a; 2022b) .These species have the

chromosome diploid number of 2n=150, which is the apparent modal diploid number of the
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Rasbora . Accordingly, it can be concluded that chromosome number in this genus is conserved.
However, it differs from some species of previous report in the R . Heteromorpha (Post, 1965;
Donsakul et al., 2005) and R . Trilineata (Post, 1965) which was 2n=48.

The karyotypic analysis revealed that the chromosome complement of B. maculatus
consisting of 3 metacentric (m) + 21 submetacentric (sm) + 1 acrocentric (a) chromosomes . The
mean values calculated from twenty mitotic metaphases showed the centromeric index of
chromosome complements ranging from 0.581+0.094 to 0.710+0.064 .The karyotype formula of
B. maculatus could be deduced as :2n (50) = 6m+42sm+2a. The karyotype of B. urophthalmoides
was composed of 6m + 17sm + 2a chromosomes (Figure 2A. and Table 2) The mean values
calculated from twenty mitotic metaphases showed the centromeric index of chromosome
complements ranging from 0. 528+0. 028 to 0. 755+0. 029 . The karyotype formula of B.
urophthalmoides could be deduced as :2n )50 = (12m + 34sm + 4a (Figure 2B. and Table 2). The
type chromosomes and NF of two species, including B. maculatus and B. urophthalmoides herein
differ from those previously reported (Donsakul et al., 2009) hese differences may be due to
inter-populational variation in this species . This difference may be on account of inter-population
variation emnating from pericentric inversions. Comparison of the present results and previous
reports (Table 1). This is the first report on B. naevus showed 5m + 17sm + 3a chromosomes. The
present investigation in this fish species revealed that the mean value of centromeric index ranged
from 0.543+0.043 to 0.702+0.003 .The suggested karyotype of this species was 2n (50) = 10m +
34sm + 6a (Figure 2C. and Table 2). The NFs of the genus Boraras range from 92 to 94 and
karyotypes are composed of both mono -and bi- arms chromosome. Nirchio et al., (2014)
proposed that species with high NF is advanced state or apomorphic character whereas one with
low NF is a primitive state or plesiomorphic character. Thus, the Boraras seems to be advanced

karyotype. The ideogram (Figure 4 ) shows a continuous length gradation of chromosomes .The
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size differences between the largest and smallest chromosomes show approximately two-fold .
The data of the chromosome measurement on mitotic metaphase cells (from all specimens) are
shown in Table 2, 3 and 4.

In summary, the present cytogenetic procedure results provide basic information of the
karyotypic features in three yet understudied Borarus species. Each species can be clearly
distinguished by cytogenetic analysis. These results also provide important data for systematics
within this family. Further studies, other species comprising a high number of species in the
Borarus should be studied additionally by both cytogenetic and molecular hybridization
procedure techniques to provide a better understanding about the chromosomal evolution and to

characterize biodiversity.
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234 Table 1 Cytogenetic publications of the genus Boraras.

Species 2n NF Karyotype formula References
Boraras maculatus 50 92 | 6m+15sm+2a+2t Donsakul et al. (2009)
50 100 | 3m+21sm+la This study
B. naevus 50 100 | Sm+ 17sm + 3a This study
B. urophthalmoides 50 94 | 9m+13sm+la+2t Donsakul et al. (2009)
50 100 | 6m+17sm+2a This study
235 Remarks :2n=diploid chromosome, NF=fundamental number m, sm, a =2, t=1, m=metacentric,

236 sm=submetacentric, st=subtelocentric, a =acrocentric and t=telocentric chromosome.
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

10



264 Table 2. Karyomorphological details of B. maculatus from 20 metaphases chromosome, 2n
265 (diploid)=50.
Chromosome Ls L1 LT Chromosome Chromosome
CI+SD RL+SD
pairs (pm)  (upm) (um) size type
1 0.953 1353 2306 0.587+0.033 0.057+0.005 Large metacentric
2 0.722 1351 2.072  0.652+0.035 0.051+0.004 Large submetacentric
3 0.729 1315 2.044 0.643£0.045 0.051+0.003 Large submetacentric
4 0.639 1249 1.888  0.662+0.100 0.047+0.003 Large submetacentric
5 0.641 1.196 1.838 0.651%0.034 0.045+0.002 Large submetacentric
6 0.608 1.189 1.798  0.661+0.053 0.044+0.002 Large submetacentric
7 0.630 1.127 1.757  0.641+0.027 0.043+0.002 Large submetacentric
8 0.580 1.140 1.720 0.663+0.044 0.042+0.002 Medium submetacentric
9 0.588 1.095 1.683  0.651+0.044 0.042+0.003 Medium submetacentric
10 0.616 1.043 1.659 0.629+0.038 0.041+0.002 Medium submetacentric
11 0.556 1.049 1.605 0.654+0.027 0.040+0.002 Medium submetacentric
12 0.521 1.071 1.591 0.703+0.064 0.039+0.002 Medium acrocentric
13 0.597 0972 1.569  0.620+0.025 0.039+0.002 Medium submetacentric
14 0.499 1.063 1.562 0.681+0.094 0.039+0.005 Medium metacentric
15 0.536  0.997 1.533  0.650+0.049 0.038+0.003 Medium submetacentric
16 0.531 0999 1.531 0.653+0.075 0.038+0.003 Medium submetacentric
17 0.578 0943 1.520 0.620+0.040 0.038+0.003 Medium submetacentric
18 0.537 0936 1473  0.635+0.036 0.036+0.001 Medium submetacentric
19 0.540 0917 1.457 0.629+0.037 0.036+0.003 Medium submetacentric
20 0.511 0921 1.432 0.643+0.059 0.035+0.003 Medium submetacentric
21 0.500 0.848 1.348  0.629+0.042 0.033+0.002 Medium submetacentric
22 0.499 0.844 1342  0.629+0.038 0.033+0.004 Medium submetacentric
23 0.532  0.779 1311  0.594+0.029 0.032+0.003 Medium metacentric
24 0.502 0.787 1.289  0.611+0.049 0.032+0.002 Medium submetacentric
25 0.446 0.701 1.147 0.611+0.080 0.028+0.002 Small submetacentric
266
267 Remarks: Ls= short arm chromosome, LI=length of long arm chromosome, LT= length of total
268 chromosomes, RL=relative length, Cl=centromeric index, SD=standard deviation.
269
270
271
272

11



273
274

275
276
277
278
279
280

Table 3. Karyomorphological details of B. naevus from 20 metaphases chromosome, 2n

(diploid)=50.
Chromosome Ls Ll LT Chromosome Chromosome
CI£SD RLASD
pairs (pum)  (um)  (pm) size type
1 0.697 1276 1973  0.647+£0.006 0.054+0.001 Large submetacentric
2 0.574 1251 1.825 0.685+0.007 0.050+0.002 Large submetacentric
3 0.600 1.160 1.760  0.659+0.011 0.048+0.001 Large submetacentric
4 0.615 0937 1.552  0.604+0.028 0.042+0.002 Large submetacentric
5 0.612 0956 1.568 0.610+0.012 0.043+0.001 Large submetacentric
6 0.488 1.150 1.637  0.702+0.003 0.044+0.000 Large acrocentric
7 0.491 0957 1.448 0.701+0.008 0.039+0.002 Medium acrocentric
8 0.560 0.940 1.500 0.627+0.028 0.041+0.000 Medium submetacentric
9 0.727 0.864 1.591  0.543+0.043 0.043+0.001 Medium metacentric
10 0.630 0998 1.628  0.573+0.035 0.044+0.003 Medium metacentric
11 0.538 0929 1.467 0.634+0.027 0.040+0.001 Medium submetacentric
12 0471 1.054 1.524 0.701£0.015 0.041+0.002 Medium acrocentric
13 0.583 0.805 1.388  0.580+0.006 0.038+0.000 Medium metacentric
14 0485 0.891 1376  0.648+0.002 0.037+0.001 Medium submetacentric
15 0.557 0995 1.551 0.641+0.035 0.042+0.002 Medium submetacentric
16 0.484 0.895 1.379  0.649+0.005 0.037+0.001 Medium submetacentric
17 0.542 0.877 1.419 0.618+0.036 0.039+0.001 Medium submetacentric
18 0.538 0.871 1.409 0.618+0.025 0.038+0.004 Medium submetacentric
19 0.401 0.876 1.277  0.686+0.013 0.035+0.001 Medium submetacentric
20 0.528 0.812 1.340  0.606+0.011 0.036+0.000 Medium submetacentric
21 0.520 0.757 1.278  0.593+0.008 0.035+0.001 Medium metacentric
22 0.546 0.854 1.400 0.610+0.004 0.038+0.002 Medium submetacentric
23 0377 0.819 1.196  0.585+0.008 0.032+0.001 Medium metacentric
24 0.430 0.777 1.207  0.644+0.002 0.033+0.001 Medium submetacentric
25 0.402 0.706 1.108  0.637+0.012 0.030+0.000 Medium submetacentric
Remarks: Ls= short arm chromosome, LI=length of long arm chromosome, LT= length of total

chromosomes, RL=relative length, Cl=centromeric index, SD=standard deviation.
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Table 4. Karyomorphological details of B. urophthalmoides from 20 metaphases chromosome, 2n

282 (diploid)=50.
Chromosome Ls LI LT Chromosome Chromosome
CI£SD RL£SD
pairs (pm)  (um)  (pm) size type
1 0.715 1331 2.046 0.651+0.033 0.054+0.004 Large submetacentric
2 0.667 1226 1.893 0.648+0.014 0.050+0.001 Large submetacentric
3 0.595 1.199 1.794 0.668+0.017 0.047+0.002 Large submetacentric
4 0.646 1.091 1.737  0.588+0.028 0.046+0.002 Large metacentric
5 0.575 1.142 1717  0.665%0.037 0.045+0.001 Large submetacentric
6 0.669 1.034 1.702 0.608+0.034 0.045+0.006 Large submetacentric
7 0.583 1.108 1.691  0.755+0.029 0.044+0.002 Large acrocentric
8 0.567 1.081 1.647 0.656+0.028 0.043+0.003 Large submetacentric
9 0.564 1.014 1.578 0.703+0.028 0.041+0.003 Medium acrocentric
10 0.574 0990 1.564 0.633+0.036 0.041+0.003 Medium submetacentric
11 0.646 0.907 1.553  0.584+0.022 0.041+0.004 Medium metacentric
12 0.555 0949 1.504 0.631+0.025 0.039+0.001 Medium submetacentric
13 0.574 0926 1.500 0.617+0.033 0.039+0.001 Medium submetacentric
14 0.553 0948 1.501 0.632+0.020 0.039+0.001 Medium submetacentric
15 0.590 0.894 1.484  0.592+0.030 0.039+0.001 Medium metacentric
16 0.537 0.888 1.425 0.623+0.032 0.037+0.002 Medium submetacentric
17 0.555 0.851 1.406  0.585+0.022 0.037+0.002 Medium metacentric
18 0.547 0.853 1.400 0.609+0.015 0.037+0.002 Medium submetacentric
19 0.549 0.851 1.401 0.607+0.016 0.037+0.002 Medium submetacentric
20 0.519 0.844 1.363 0.619+0.029 0.036+0.003 Medium submetacentric
21 0474 0.845 1319 0.641+0.054 0.035+0.002 Medium submetacentric
22 0.508 0.742 1.249 0.594+0.041 0.033+£0.002 Medium submetacentric
23 0.479 0.767 1.246  0.596+0.022 0.033+0.002 Medium metacentric
24 0.449 0.756 1.205 0.627+0.045 0.032+0.003 Medium submetacentric
25 0.488 0.710 1.197  0.593+0.034 0.031+0.001 Medium metacentric
283 Remarks: Ls= short arm chromosome, LI= length of long arm chromosome, LT= length of total
284 chromosomes, RL=relative length, Cl=centromeric index, SD=standard deviation.
285
286
287
288
289
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of 50 chromosomes.
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