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we wazinlauninuiaan 12 wis Yann3uadiefigasaiilalnd fail 2n(a6) =
i+ My+St, wlume (Paralaubuca harmandi) 2n=48 una NF=96 filaslalausiaiuni
WUVITNUUIAINEY 4 WY FUNUBUNTNIUIALIAY 6 WS LWINGUNINIUIANAN 4 WY U
N GUNINVUIANGI 10 L1 wazatinozlaTsun3InuuIANg1s 24 Wi lnuauLanmg
vaalaslulauseninanagazinaLile ﬁqml,m%‘lalmﬂé’fﬁ 2n(48) = LMy +L°M¢ + MM+ My
+M?,, Uamuetnaubieu (Pristolepis fasciata) 2n=48 NF=48 ﬁaLWﬂQLLaszmﬁa 1aslulay
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ABSTRACT

Cytogenetics of the croaking gourmi (Trichopsis vittatus). The results show that
diploid chromosome number (2n) was 46, and the fundamental number (NF) was 46
in both female and male. The chromosomes consist of 8 large telocentric, 26 medium
telocentric and 12 small telotacentric chromosomes. The karyotype formula for the T.
vittatus  was as follows: 2n  (46) = L'e+M'%+S',. The Siamese river
abramine (Paralaubuca harmandi). The results showed 2n=48 and NF=96. The types
of chromosomes were four large metacentric, six large submetacentric, four medium
metacentric, 10 medium submetacentric and 24 medium acrocentric chromosomes.
The karyotype formula for P. harmandicould be deduced as: 2n(48) = L™y +L°"¢ +
M™+ MM + M. Cytogenetic study of Malayan leaffish (Pristolepis faciata). The
results exhibited that 2n= 48, NF= 48 in both male and female. All chromosomes are
telocentric chromosomes. In addition, 0, 1 and 3 B chromosome were detected as
94.23, 1.92 and 3.85 percent, respectively. The sex chromosomes can not be identified.
The karyotype formula of P. fasciata is as follows: 2n (48) = L' + Mty + S' + 0-3 B-
chromosomes. The Pearl Danio (Danio albolineatus) result showed that 2n=50,
NF=100 in both male and female. The karyotype consisted of 8 metacentric, 14
submetacentric and 28 acrocentric chromosomes classifying as 18 large and 32
medium. No heteromorphic sex chromosome was observed in this species. The
Karyotype formula of D. albolineatus is 2n (50) = L™q + LM + L% + M™q + Mg + M
%0- The results showed that the number of diploid chromosomeof B. yarrelli is 56 and
fundamental number is 106 in both sexes. The karyotype comprises 18 metacentric,

18 submetacentric, 14 acrocentric and six telocentric. None of sex chromosome



(m)

differenced was detected. The karyotype formula is as follows 2n (56) = L™ + L°™¢ +

L% + MM + M + M3 + S™, + S, + 5% + S'¢

Keywords: Fresh water Fish, karyotype, chromosome
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1.1 MuuwazanudrAgyvastym
Uszinalngidulssinaniinnuvainvaienisdanings lngianigvarindanudsieauy

1NN 720 vila uazAniiauanaeaIredUatngiiien (Cyprinidae) (3389 Inguum,

a a

2548) Lﬁaqmmﬂﬁﬂwmzﬂmmmmnguﬂﬁzwmﬁmmzawiams@i’ﬁia%%mmé’miﬁﬁ wazuan

)
dulngordtluuvanififienunainvaeresunaniiogs WWud §1513 1an e ues Aa
9 wiivh a1 vieds13ldAu nnsrTaaeudoyanuinsemalnedivatmininenanssiin
wanvanganeiug tnesiuuddiviavuailivesndn 700 via (1&n Inewu, 2544) UoNANT
falanssduiidunundvaetuslumdnimesssmalnednun Jafudelfivievvesssme
InglunsiagWauanssiug vosUaassufinunuunasnisssusd Wy vardimauns
(Rasbora borapetensis) Uauwduwna (Parambassis siamensis) Yantntdtla7 (Tetraodon
fluviatilis) Uamsaa3es (Epalzeorhynchos bicolor) \Uuiu
Friamesysaldudmindiduindmiueauanysalmaunineinssssund laidrasdui
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2.1 aunsudsnuvasUanlulsznalng
Uanesugnalulszinalne taun Yarluredlelnsla (Cyprinidae) n3oaduainsiiieu 296
uanfloandh (Datnioididae) viiesduadens 2dufinlefin (Taxotidae) viiorsduaFoviuth
1AlUUWesA (Notopteridae) #3913AUaINTIY WAUINTA (Bagridae) wioAUaIng Laz29d
937 (Sisoridae) MivrsdvauisdUanziipudusdlariifidnnusniian vhlandey 210
ana (genus) Uszunad 2,100 vila Tnefiuszua 1,270 wiln LﬂuﬂaﬁﬁuLﬁaa%QQLLauqLiL?z'JEJ
(Eurasia) Yanlunsdiidanunanvaneiianluszduanauaseialulssmaiuiaziodony Tuoon
WResle Tundduensnimudssuna 23 ana 475 vila wazlunIvawsnumidenulssuia 50 ana
270 %fin (Nelson, 1994) luuszinalnenuiuguanirdnegsias 17 Sudu (order) 56 294 700
¥iln wdvmiinuiuwnniign fe wdvanzifiou Ganuegnies 207 vila (Wdn Ineuun
LaEANE, 2500) NT2A180E ALLUEIUIA  HannnirvesUsenalve Yarluana
Balantiocheilos §51841UN1ANYIRUTA1AASLYAA LTUAITIUIY 2 51897 LakA Ojima and
Yamamoto (1990) s1831ul39Uanaamunslug (B. melanopterus) diruiulaslulsuanaous
(2n) Wit 50 wiis Signaueslolnt Ao 10m+12sm+28a S waulaslulsuiuguaiiy 72 uay
Khuda-Bukhsh and Das (2007) s1eaulianeiedifisiualesluleuinaosdivinfu 50 uvi
ansueslolnt Ao 6m+18sm+16st+10a Snaulaslulevfiugruwhiy 74 Yan
Tuana Puntius 51891unsAnwRugmanseadlismau 47 e Uaudud (p.
orphoides) fin15Ane1 2 51891u talA Arai and Magtoon (1991) wuanid1uiulasluleud

&

waneALviniu 50 uis dansuaslelnd Ao 14m+16sm+dst+16a I3ulastulouiugiumitiu

84 wag Taki et al. (1977) s1e91ulinddnulasiulaudnaseaviniu 50 wis dansuailelnd

Mg 6m+36sm/st+8a ATuulasiulouiuguwintu 92 wazdn 45 senundnuilulaivinouy

v
A o

Tuana Puntius wuirananaiifidnuulasluleufinassnagssning 48-50 wiis d9mulaslulay

WUFIWBETENING 52-100 Ua Asuanslunsan 2.1



2.2 msfneriugaansiwaduasua

M990 2.1 MsfinwiugmansiwadvesUaluisd Cyprinidae (ana Balantiocheilos, Puntius,

Barbonymus, Epalzeorhynchos Wae Scaphognatops)

Ag-
Subfamily/ Species 2n | NF Karyotype Locality Reference
NORs
Barbinae
Uanaanumalugd South East | Ojima and Yamamoto
50 72 10M+125M+28A -
(Balantiocheilos Asia (1990)
melanopterus) South East | Khuda-Bukhsh and Das
50 74 6M+18SM+16ST+10A -
Asia. (2007)
Puntius arulius 50 82 6M+265SM/ST+18A - Asia Takin and Suzuki (1977)
P. binotatus 50 92 8M+34SM/ST+8A - Asia Taki et al. (1977)
P. brevis 50 78 6M+14SM+8ST+22A - Asia Khuda-Bukhsh (1975)
50 56 2M+4SM/ST+44A - Asia Takin and Suzuki (1977)
50 54 2M+25M +46A - India Sahoo et al. (2007)
P. chola
50 Tripathi and Sharma
58 2M+2SM+4ST+42A - India
(1987)
50 Khuda-Bukhsh, et al.
92 16M+24SM+2ST+8A - India
(1986)
50 | 94 6M+38SM/ST+6A - Asia Takin and Suzuki (1977)
P. conchonius 50 | 94 AM+40SM +6A - Asia Takai and Ojima (1988)
50 - - - Asia Vasiliev (1985)
48 India Sharma and Agarwal
88 10M+20SM+10ST+8A
(1981)
P. cumingi 50 94 18M+26SM/ST+6A - Asia Takin and Suzuki (1977)
P. denisonii 50 | 92 AM+20SM+18ST+8A 8 India Nagpure et al. (2004)
P. everetti 50 | 86 6M+30SM/ST+14A - Asia Taki et al. (1977)
5 | 82 6M+26SM/ST+18A - Asia Taki et al. (1977)
P. fasciatus
50 | 84 30M/SM+4ST+16A - Asia Ohno et al. (1967)
50 | 84 8M+26SM/ST+16A - Asia Takin and Suzuki (1977)
P. filamentosus :
50 | 90 | 12M+16SM+12ST+10A 8 India Nagpure et al (2003)
P. lateristriga 50 | 88 6M+32SM/ST+12A - Asia Taki et al. (1977)
P. manipurensis 50 | 92 22M+14SM+6ST+8A - India Sobita et al. (2004)




50 India Khuda-Bukhsh et
P. melanampyx 86 | 12M+12SM+14ST+12A
al.(1986)
P. nigrofasciatus 50 | 100 16M+34SM/ST Asia Takin and Suzuki (1977)
P. oligolepis 50 | 88 8M+30SM/ST+12A Asia Taki et al. (1977)
Uml,l,ﬁ'm‘jé’] 50 84 1AM+16SM+4ST+16A Thailand | Arai and Magtoon (1991)
(P.orphoides) 50 92 6M+36SM/ST+8A Asia Taki et al. (1977)
P. partipentazona 50 90 6M+34SM/ST+10A Asia Taki et al. (1977)
P. pentazona 50 98 22M+26SM/ST+2A Asia Taki et al. (1977)
P. sarana 50 | 88 | 12M+14SM+12ST+12A India Rishi(1981)
P. sarana subnasutus 50 96 12M+265SM+8ST+4A India Nagpure et al. (2004)
50 90 | 12M+14SM+14ST+10A China Gui et al.(1986)
P. semifasciolatus
50 76 8M+18SM/ST+24A Asia Suzuki(1991)
50 56 2M+4SM+44A India Khuda-Bukhsh, et al.
(1986)
48 54 2M+4SM+42A India Rishi et al. (1977)
48 54 AM+2S5T+38A India Rishi and Rishi (1981)
P. sophore 48 58 AM+6ST+38A India Tripathi and Sharma
(1987)
48 54 AM+2SM+42A India Khuda-Bukhsh and Barat
(1987)
48 52 2M+2SM/ST+44A India Rishi (1973)
P. sophoroides 50 | 54 2M+2SM+46A Thailand | Magtoon and Arai (1989)
P. stoliczkanus 50 98 22M+22SM+4ST+2A Thailand | Magtoon and Arai (1989)
50 90 34M/SM+65T+10A Asia Ohno et al. (1967)
P. tetrazona 50 - - India Krishnaja and Rege (1980)
50 84 6M+28SM/ST+16A Asia Taki et al. (1977)
P. tetrazona 50 | 90 6M+34SM/ST+10A Asia Taki et al. (1977)
partipentazona
50 | 92 | 20M+12SM+10ST+8A India Sharma (1995)
P. ticto 50 | 100 28M+22SM/ST Asia Takin and Suzuki (1977)
50 | 100 28M+16SM/ST+2A India Sahoo et al. (2007)
P. titteya 50 98 20M+28SM/ST+2A Asia Takin and Suzuki (1977)
Uannseu 50 | 84 6M+285SM/ST+16A Asia Taki et al. (1977)
(Barbonymus 50 74 | 6M+18SM+10ST+16A Thailand | 31385 uazAty (2532)
schwanenfeldii ¥3® 50 76 6M+6SM+14ST+24A Thailand | 1n3e9lng ﬁmzﬁuﬁ (2550)




Barbodes
schwanenfeldii®)
B. altus 50 88 10M+24SM+4ST+12A - Thailand | Magtoon and Arai (1989)
50 76 2M+20SM+4ST+24A - Thailand | Magtoon and Arai (1989)
B. gonionotus
50 78 12M+12SM+4ST+22A - Thailand | Wu et al. (1991)
Uainuas 48 | 72 | 14M+10SM+8ST+16A - Thailand | 53 fauana Wag WTes
(Epalzeorhynchos NG (2536)
frenatum %38 Labeo
erythrurus®)
Uamsaedes (£ 50 | 74 | 20M+4SM+2ST+24A - Thailand | 5% AauANa Wag WTET
bicolor %3® 1INFU (2536)
L. bicolor*)
Uanhnileu 50 | 64 10M+6SM+34A Thailand | 53 AaUAND UAAME
(Scaphognatops (2550)
bandanensis)

NG © * YeINEIManiauNsIey, 2n = uulasiuleuinases, NF = 9uiulasiulay
Wug, M = laslulzuvilawnigunsn, SM = laslulsusdaduwumiaunsn,
ST = laslulauwiagumlswunsn kag A = lastulousineslaswunsn,

NORs = Nucleolar organizer regions

dwsuaniiaduiiegluanaiieriuldisenunisinu Tas Magtoon and Arai (1989)
uay Wu et al. (1991) seenliidaanadiswiulasTuleufnassdivindy 50 wis d91uu
Taslulwuiiuguagszuing 76-88 wis dusuuatluana Epalzeorhynchos fsieaudnuly 2
yiln lnesiy Aouana uarllies uneu (2536) Anwiluvainiuas (€ frenatum) wundidnuau
lasluloudnaseawiniu 50 wis dansuailelnd Ao 14m+10sm+8st+16a AF1urulasiuley
fugnuwinfy 72 warlutamsuaies (E bicolor) S walasluleuAnanediviniy 50 uwis fans
wpslelnd Ao 20m+asme2sti2da fisruanlasiuleni uguvindu 74 dwmsuvvarnid ey
(Scaphognathops bandanensis) #51891UN sANINUTANEATIEAALT 1 5989U 1nesiy nou
ana wazane (2550) nudndduiulasluleudnasedvindu 50 uve dgnsuaslelnd Ae

10m+6sm+3da J3uulastulaniugiuminiu 64

Uanlusddandediiies 1 ana Ae ana Datnioides Usenausieuan 5 il loun Yaude
poUrtfnAdl (D. campbell) Yandenedulaii@iy (D. microlepis) Yatngwiany (D. polota)

Yandeneaelve (D. pulcher) wagUandonoaieidn (D. undecimradiatus) (@ulnwy sany



Wi, 2547) lnelisnenumsAnwiugenansigaduailuanaild 3 vl lnedwsnssa Aunes
#nd (2550) Anwvandememedndduulasiulouinasedwindu 48 wis Tgns weslelnd fe

1 o

dm+2sm+42a fdwulastuleuiugiuwinny 54 dwsulandensaslvgddwiulasiulewd
WaRuAWAU 48 uiie dgnsuaslelnd Ao 2m+dst+d2a d9wulastulauiugiumindu 50 wae
Yamngneargdduulasiulauinasudvindu 46 wis dgasuaslelnd fe 2Sm+2st+42a 4

Iuulastulaunugiumingu 48

dmsuvanluieduainsne nunszareiugaanIuensng eileldauduedonyusen

[V 7
Y a v a

WBeald 998U 4 ana 10 wia loun ana Chitala & 6 vila lawn C blanci, C. borneensis, C.
chitala, C. hypselonotus, C. lopis @ C. ornata &na Notopterus Jviaaed As N
notopterus @na Xenomystus Huilalfe Ao X nigri WagdnNa Papyrocranus 12wl As P.
afer wag P. congoensis (aulavi saAgITait, 2547 wavyiin Ing1uud, 2544) Yanluana
Chitala Feiisrosmuns@inuld 2 viia leun Jamesans (C Blanci) wagdansne (C. chitala)
lngs Ty peuana warIles wnau (2533) nuituawmesaneiidnuiulasiulaudnaenviniy 42
wiie gmsuaslelnd fe d2a fulasTulsuiugiuniiu 42 uastanmediswaulasluleud
waveAiAy 42 wis fgnsuaslolnd Ae 2st+d0a F9rurulaslulsui ugruminty 42 way
Uyeno (1973) euliinvannsediduulasiulaufnaseamindu 42 uvis dansuaslelnd fe
42a F3waulasluleiiugrusiiy 42 uasnusumisue$ (NORs) vulasTalsugd 2 venaintu
faflseanumsfinwiugmanileadsn 5 Menuiidnululaanadulusdanse lnevand
fifsulasluleninassfogsyaing 34-42 s fwaulasluleniugiuegsening 38-42 ws
Jalursduanna finsnszaeiusauunasindelvauiaindosdusnivuenini oy
vAUBuY Lewdeenaud Tdaudavginizguen hlannudszanm 200 wie dwiululszmelne
%’mLﬂuﬂamﬂ’mqﬁﬁwumn%ﬁmﬁqmaﬂm TagnuuInnIn 25 ¥ia (Nelson, 2006 Lag 4@
Ineuunt wazame, 2540) S51eaunisaneilutaniedd Ao Yainadi (Hemibagrus wyckin 2
518971 ToUA Magtoon and Arai (1988) sngaruindiduulastuleufnasenindu 54 uvis dgns
uasTolnd Ao 16m+14sm+24a F9uanulaslalenfiugiuvindy 84 wags iy nouana (2544)
s1g9uliTrvainamd Tuiulastuleudnasea iy 62 wiie dgasuailolnd fe
34m+10sm+8st+10a fidulashilsuiiugruiiu 104 uaeisenunsinyariiogluana
Welnudn 9 s1e9u lu 5 vdle/astidades lawn H. euttatus, H. macropterus, H. menoda, H.
menoda menoda Wag H. nemurus f31uulaslulauinaeunag sening 48-60 uvis 1311y
Tnsluleudlugiuogsening 72-108 uonaniudaiisenunisinuiaeinduluadainadn 57

[

891U wuhandiliidwiulasiulauinasenegsyning 44-60 wia T1uulasiulouiugiu

985¥11314 80-108



a

dwsulanluaddawd Wulanidaiinuwnsnszanslunaugsi 358 Fumauls wa
[ § a | Aaa Y a1 o v ! 1
a3 fupn e wazvediflen Yanlunguiliiovdvetu Shunseaesudasia dulvgivuin 4

'
%

A talanfluszana 20 ana waw 85 iia (Nelson, 1994) luUszimelnewuuansdd 6 ana 18
win (¥F0 MW wagany, 2540) ITeaunsfinyiiugmansisadvesidlaatasuin
F18UNIANYILALEIRTYY $9853 wazAny (2550) wultUatuay (Bagarius suchus) 131171
lasluloufnasedwiniu 56 wis dansuaslelnd Ao 16m+16sm+dst+20a dT1urulasiuley
fuguiiu 88 wazauda (B bagarius) Twalashuleninaessdiiniy 56 uss fignsua3
Tolnd fe 16m+10sm+2st+28a ffusulasiulsafiuguwiiiu 82 uavuenvinidudsisenu
nsfnsUaTluasduauddn 10 918910 wuiansddiidunulasluleufnaosdegsening 36-
56 wis funulaslulsuugiuegsewing 66-104
MNMIITeNAIIENUNEAnYITusmanswadlulathianguuanaisay dwleg)
Anwilaslulvulesltmatianisgondlaslulsunuusssun dunisdnenavavulasiulauunulyl
flsneeu Mendnvarsavavulasiileudenuddilfismsudnvaslasadmedasiulsy
1Ty guazilugnisfnuidevenluouinn uonani §aivand nnanevinfis dufisneey

nsAnwiugeanswadnidlulagaaUseme

A13197 2.2 NMsAnwIiugAansiwaaveslanluied Datniodidae, Notopteridae, Bagridae wag

Sisoridae
Ag-
Family/ Species 2n | NF Karyotype Locality Reference
NORs
Datnioididae
Uadeneansldn (Datnioides 48 | 54 AM+2SM+42A - Thailand | Twswssas AsNwsAnR
undecimradiatus %3e Coius (2550)
undecimradiatus*®)
Uandensanelvie) (0. pulcher 48 | 50 2M+4ST+42A - Thailand | s msses Aamasdng
%39 C. microlepis®) (2550)
Uangwsane (D. polota %30 46 | 48 2SM+2ST+42A - Thailand | Was1ws5es AANTSANA
C. quadrifasciatus®) (2550)
Notopteridae
Janmesane (Chitala blanci 42 | 42 a42A - Thailand | 53 nauana was Tes
%38 Nototerus blanci®) 1INGU (2533)
Yansie (C chitala) a2 | 42 a2A 2 Asia Uyeno (1973)
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42 |42 2ST+40A Thailand | 57% Aauana waz Ales
1NAU (2533)
42 a2 42A India Rishi and Singh (1983)
Janaane (Notopterus
42 | 42 42A 5% PRUANa WAz Ty
notopterus) . )
11N (2533)
Papyrocranus afer 34 38 4SM+30A Africa Uyeno (1973)
Xenomystus nigri 42 42 42A Africa Uyeno (1973)
Bagridae
60 108 | 20M+12SM+16ST China Yu et al.(1989)
Hemibagrus guttatus
+12A
60 108 | 20M+12SM+16ST China Hong and Zhou (1984)
H. macropterus +12A
60 - - China Wuhan University (1981)
48 72 12M+12S5T+24A India Lakra and Rishi (1991)
H. menoda
58 | 100 | 22M+20SM+16A India Das and Khuda-Bukhsh
(WB) | (2007)
56 | 108 36M+16SM+4A India Khuda-Bukhsh et al.
(Assam) | (1995)
H. menoda menoda
58 | 100 | 22M+20SM+16A India Barat and Khuda-
(WB) Bukhsh (1986)
56 | 100 | 20M+14SM+10ST India Sharma and Tripathi
H. nemurus +12A (Jammu) | (1986)
56 | 102 | 32M+14SM+10A India Khuda-Bukhsh et al.
(Assam) (1995)
i 54 | 84 16M+14SM+24A Thailand | Magtoon and Arai
Jannean
(1988)
(H. wyckii) >
62 104 | 34M+10SM+8ST+ Thailand 5% ADUANG (2544)
10A
16M+26SM+2ST+
Bagrichthys macracanthus 50 94 Thailand | Magtoon and Arai(1988)
6A
22M+14SM+8ST/
Coreobagrus brevicorpus a4 | 80 Korea Kim et al. (1982)
A
18M+14SM+24ST
C. ichikawai 56 | 88 Japan | Ueno (1985)

/A
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28M+20SM+8ST/
Horabagrus brachysoma 60 | 116 A India Nagpure et al. (2003)
26M+20SM+10ST
H. nigricollaris 60 | 116 India Nagpure et al. (2004)
+4A
18M+165SM+10St Sharma and Tripathi
58 | 102 India
+14A (1986)
Mystus cavasius 58 98 18M+225M+18A India Tripathi and Das (1980)
14M+26SM+4ST+ Khuda-Bukhsh et al.
58 | 102 India
14A (1980)
30M+12SM+2ST+ India Manna and Khuda-
58 | 102
14A Bukhsh (1978)
12M+34SM+4ST+ India
M. gulio 58 | 108 Choudhury et al.(1993)
8A
13M+33SM+4ST+ India
58 | 108 Choudhury et al.(1993)
8A
54 | 101 | 9M+38SM/ST+T7A India Rishi(1973)
10M+38SM/ST+6 India
54 | 102 Rishi(1973)
A
M. tengara 25M+18SM/ST+1 India
54 | 97 Rishi and Rishi (1981)
1A
26M+185M/ST+1 India
54 | 98 Rishi and Rishi (1981)
0A
Pelteobagrus eupogon 50 | 100 | 20M+14SM+16ST China Hong and Zhou (1984)
18M+12SM+26ST
56 | 86 Japan | Ueno (1985)
P. nudiceps /A
56 | 100 | 44M/SM+12ST/A Japan Fujioka (1973)
54 | 108 | 22M+26SM+6ST India Tripathi and Das (1980)
22M+20SM+125T India Sharma and Tripathi
54 | 108
(1986)
10M+30SM+12ST India
58 | 110 Choudhury et al.(1993)
M. vittatus +6A
20M+24SM+10ST India Manna and Prasad
54 | 108
(1974)
16M+10SM+20ST India Manna and Prasad
58 | 104
+12A (1974)
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28M+22SM+2ST+ India Khuda-Bukhsh and
54 | 106
2A Barat (1987)
52 104 | 2dM+18SM+10ST China Hong and Zhou (1984)
18M+16SM+18ST
52 | 86 ) Korea | Kim et al. (1982)
A
P. ussuriensis
52 | 104 | 24M+10SM+18ST China | Yu et al. (1989)
20M+20SM+12ST
52 | 92 Korea | Ueno (1985)
/A
20M+125M+16ST
a8 | 80 /A Japan | Ueno (1974)
Pseudobagrus aurantiacuc
18M+14SM+16ST
48 | 80 Japan | Ueno (1985)
/A
P. crassilabris 52 | 104 | 24M+14SM+14ST China Hong and Zhou (1984)
18M+14SM+16ST
48 | 80 , Korea | Ueno (1985)
A
P. koreanus
20M+14SM+14ST
a8 | 82 Korea | Kim et al. (1982)
/A
P. longirostris 52 | 104 | 20M+16SM+16ST China Hong and Zhou (1984)
22M+20SM/ST+1
52 | 94 Korea | Kim et al. (1982)
P. nitidus 0A
52 | 104 | 20M+16SM+16ST China Hong and Zhou (1984)
20M+14SM+8ST+
P. pratti 52 | 94 China | Yu et al. (1989)
10A
P. tenius 52 | 104 | 22M+16SM+14ST China Hong and Zhou (1984)
20M+12SM+20ST
P. tokiensis 56 | 92 /A Japan | Ueno (1974)
P. truncatus 52 | 104 | 26M+14SM+12ST China Yu et al. (1989)
52 | 104 | 22M+16SM+14ST China Hong and Zhou (1984)
P. vachelli 16M+20SM+16ST
52 | 88 Korea Ueno (1985)
/A
54 | 108 | 28M+20SM+6ST India Das and Kar (1977)
Rita chrysea 8M+22SM+2S5T+2 Khuda-Bukhsh and
54 84 India
0A Nayak (1990)
Khuda-Bukhsh and
R. rita 54 | 108 14M+34SM+6ST India

Barat (1987)
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14M+24SM+12ST Manna and Prasad
54 | 104 India
+4A (1971)
20M+14SM+10ST
Sperata aor 52 | 96 India Lakra and Rishi (1991)
+8A
28M+125M+85T+ Sharma and Tripathi
54 | 102 India
6A (1986)
S. seenghala
10M+14SM+6ST+ Das and Khuda-Bukhsh
50 82 India
20A (2007)
20M+14SM+14ST
Tachysurus adiposalis 50 98 A China Yu et al. (1989)
+2
24M+14SM+10ST
52 | 100 China | Hong and Zhou (1984)
+4A
22M+12SM+14ST
52 | 100 China | Zhang et al. (1992)
+4A
18M+26SM/ST+8
52 | 96 Korea | Kim et al. (1982)
T. fulvidraco A
52 | 104 | 28M+14SM+12ST China Shen et al.(1983)
22M+24SM/ST+6
52 | 98 China Ling (1982)
A
52 | 100 24M+24SM+4A Korea Lee et al. (1983)
52 96 18M+265M+8A Korea Park and Lee (1996)
y 56 | 88 | 16M+16SM+4ST+ Thailand | 939381 39853 UavAny
Uauay (Bagarius suchus)
20A (2550)
o 56 | 82 | 16M+10SM+2ST+ Thailand | 939381 39853 UavAny
dawada (B. bagarius)
28A (2550)
Euchioglanis davidi 36 | 50 | 8M+6SM+22ST/A China Li et al. (1981)
50 | 70 | 14M+6SM+30ST/ China Li et al. (1981)
E. kishinouyei
A
Glyptosternon reticulatum a2 - - India Rishi et al. (1998)
Glyptothorax fokiensis 52 | 104 | 20M+18SM+14ST China Yu et al. (1989)
56 | 102 | 18M+26SM+2ST+ India Khuda-Bukhsh et al.
G. telchitta
10A (1986)
Sisoridae
52 - 18M+24SM+10A India Khuda-Bukhsh et al.

G. glyptothorax trilineatus

(1995)
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52 - 8M+14SM+30ST/ - India Rishi et al. (1998)
Pseudecheneis sulcata A
a6 66 | AM+8SM+8ST+26 - India Mishra (1998)
Gagata cenia
A
a2 - 14M+20SM+8A - India Khuda-Bukhsh et al.
(1995)
Gogangra viridescens
a8 86 | 12M+225M+4ST+ - India Sharma and Tripathi
10A (1981)

NUBWG © * YeINEIMEnTUNTIEy, 2n = wulasiuleuinases, NF = 9uiulasiuley
Wug, M = laslulouyilawmieunsn, SM = laslulauydadummieunsn,
ST = lastulgusiagumlswunsn wag A = lasiulousinezlaswunsn,

NORs = Nucleolar organizer regions

2.3 mswnsgulasiuloy

msfnulaslileniiionsavaeuduiu uazguinvedasiylvufinateds udazisazidenton
wadszovumla (metaphase) asnniduszesfiflashilsunaduinniiandugsslddnan
lunsifuiieeadluszeziumia Iilda1slaaddy (colchicine) daduansatnainiivana

3

Colchicum g agudnisaswaslealutia (spindle fiber) viligaafidnisuusnalal

VY & a

aunsadgszezwouna (anaphase) ba 3nswleulasiulouuualaidu 2 35 fie laense

Qdd‘d 6 o w A 1

(direct chromosome preparation) LJu3sNdene1waa lus19N 187 ST NTUUIRNANY
Iastuloy (Duwadfideounardaiinsuusiegnasnia wu waddadennlunszen (bone
marrow) 8138 Ao 15MMEPeu (indirect chromosome preparation) AgtaanLEaAUI1IN18YTAT
anansathunngldeslue1msideasaan1euenseniy (in vitro) Tiwaain1suusdd wislvans
NIEAUNTHUNLAA
& ¢ v vy g A = g & v

nMsglasugasgaislaidu 2 uwuu wuuindadunisimngidsaugadlginaiuiu (long
term culture) WWun1siwaasianie Wy wasnvils Yea Ay waandiuwigidesaziianiy
waalwlusuanadl (fibroblast) Masguuagaauinuiy wuufides iWunisimigladsgadly
S¥eEIa1du (short term culture) laun N1zt samadilinidony1a (lymphocyte) Tngin
idan (whole blood) Mifliwadifladenunduduwadiunviongaudsiudunnszguliieadndu
gindnsmsuiaead (cell cycle) wuululn@a (mitosis) lud a.a. 1949-1955 Osgood lawaun
wadeniziasagaaiindonuilaefuaisnsesun1suusead Ae phytohemagslutinin (PHA)
I . . . . | ‘:4' o § v f & A = a |
Wuansussan mitotic stimulating agent e liwadiindenv1ingfinssunIsius

waawuuldlndala sveziianlu nsiwizideasas 3 Tu agbawasunauinieanealu
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v

nsanw Faduded lanasiais walianisiiee ldaeediywisiu Ande wavailditetos

4 4
v & a A v o = a

wana1n PHA Mldlandudnd Aullewd semninmsdunuiasldarsnssunisuusgaqiiugudn
Nau¥ue LY pokeweed (PW) wag concanavalin A (Con A) ﬁmmamszﬁummﬂaﬁmaq
f < = a = vy [ [ &a =l 1 1 =
waadadenuiad (B-lymphocyte) lod Lazimunzaududainuiuuinnan wan1sanely
vauztudiuuulasiulsulaliduiueunendelaldas hypotonic solution TARULEaRYI8Y
Wiwadwasdiuindu din1snszanedivesiasiaulaud vilvin1sasiadudnuiukarjusatniay

a

899U (AU AUATIUUY, 2546)

2.4 nsdaudlaslulay

nswsealasiulsalaensmnsdeasadidadonsn Wuisnvaduasnenaadasuudlas
ihnsdendleaiionisnuingUszasdvaansined (Halnan, 1989) Fail

241  nsgoudlaslulenluusssunn

awldddoufifnlusiudalau (histone) vulasluloy Tnedfidesldldun ooddu
(orcein) A15diu (carmine) Lazdugn (Giemsa’s) nwlasluleuazfndnasnuyisaunsauanduiu
wavaiavedlasluloudsziddidindy 1 16 uazersuendnvarunedvedasiulyy Wy sou
ABATi M1l 9 (primary constriction) SeuABAfiaed (secondary constrictoin) wag wevinalan
(satellite)

242  M3YRULAVALUUAT (Q-banding)

Sddeulaslulaliiouaviln wavainaduras 4 naenmuenuisasiuleld
aelandesganssadngoaisaud (fluorescence microscope) lngld@douuiin Quinacrine
mustard vilanunsaduunanuuanvedastulauynuiale

2.43  MsdpuuaudLULT (C- banding)

dumadad i lwuaudiduusiiad lastulguvadatuuiy (constitutive
heterochromatin) ﬁﬂmauﬂ’ﬁlﬂué’ﬁuwﬁﬁ'ez}gwﬁ’umm (highly repetitive DNA sequence) R
I#ud Vinaneulnsdles (centromere) voaiounn 1 lasluley uenaniddmuivinumlades
(telomere) waslaslulanuIauyiedneg

2.4.4  n159puLaUELULA (G-banding)
wepdedwdenilfidswaulngldaseiifiannse doslusiuiilussddsznavaes
Tashuley answeiififesld Ao toulesin3udu (trypsin) udi3sdoudeddugimuund agvilian

wavdduaduivaaiesanauaudinasiulussazusnauuwridasiulendunadaiideuyh

funniign ssilumeianvilading dnvazvedwaulianuassi
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245 nsfouuavdiluuens (R-banding)
I3 a aa a v YY) LA o = a = = ]
LWUNALUATLAALAUELIN LaZANEAUNULYUASINULOUALUUAY LAZLOUFLUUI WA

'
aa

LA AT UIZASEAULUALUUAY wazuauaLuUd Ae waufiinddiluuauduuud uasiou
AuvudsinaaunulunaudiLuuens
2.0.6  NSYRULAUELUULDS
Humadadi vildau nucleolar oreanizer regions (NORs) AadLdu Taanasld
d150za189aL205 buLATA (silver nitrate) 1ué’1’m5ﬁﬂiz@ﬂﬁ’wé’qdauﬁyﬁ5uﬁww%’uﬁ’qmﬁwﬁ
ribosomal RNA %fia 185 waw 28s ag UfA3en1stonfefanasarsimedumumisd iosn
Uinaananinsuanseenvesduduegnann uarusnativesilusaudussdussnouiilals
Tusaudalnunnninusnasuvedesiulsy Wsiumaiseiliasuaudfsinzidesanasly
39 (reduce) Faneslusulessiin (onic) ¥ilidanesasududm smumiueidulugjazwy
vuushasesaeni 2 mikuudniivdedunsaiindn 1 laslulauiifl seuneniideieniy
wemnalavilasluleu (satellite chromosome %3 ® SAT-chromosome) @ 41419 ulasTaley
B 9IMLNY (marker chromosome) 1@
247 msdenduulashiluusemeiagesisawuddudyleuslawdu (fluorescence in
situ hybridization %38 FISH)
waia FsH didumedafivilfiAanadrguieleuilad (hybridize) szminglngy

(probe) wag Mdueithnung (target DNA) Baognelulastulay nsunldindufidue wieens

'
=

L6 uLe (DNA probe 138 RNA probe) @ s@inaann (label) A28@151509uas (fluorocein 30
fluorophore) fina1ed n1snsvdevIviiLERaeduwwilasTuleuviliguiiounisseuied
vulashilen Sedeusonmatia FISH Sneg1awilsin “chromosome painting”

nsfeuuavdlasluluuuuing q dfvseloitaglunisduglaslulendmiiou (homologous

chromosome) B8n319d0ULeNanwalvaslasiulen AuiaunAvedlasluloy wafnssuves

Y v a 5 ¢

lasluloy wazdrglunisduundslddialagndesdatu n1sieuiisuniaiugeansiead

Y

[ '
A =

(comparative cytogenetics) §ududayaniugiuiaiuisavivedureITauin1svesdliginle

<9

(Rooney, 2001; 8151 AUATIUUY, 2546)
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AT UIUIY

3.1 NSNUAI9E1
G w ° Y, € o o 2 v ! 2
1. Wivdegauanamndnnenine Jwiawysysal segnlanivalaazgnuusesnidy
2 ngu e fregedmsunsivaeuendnunila waviagndmiuwseulasiuley
2. g elanfiiiuldnndesfiiesuuRinisarv3vdninen auginermans as
walulad unInedesudgmysysal laededdugiaesta1vuin 60x120x50 gnuIAflguRALLnS

NinnweanTLIUNaDALIAT

3. UdegaUannTvaeukaysryrialagldionasuedvidn Ineruun (2548), Nelson

(1994) wag Rainboth (1996) argn1wAlg19UaN

3.2 mawsunlasiulay

wielneiamanss (direct method) a¥enziild Aewdaiieln asmnluetorziiinisus
wadnaeaan lnewIsnanlufdsdidia (in vivo) muisn1sues Supiwong et al. (2009); Cioffi
et al. (2015) fisil BnlaadFuarududy 0.05% suia 1 fadans sedmings 100 ndu Waluly
néailo (ntramusculary injection) vasUanials 1 $alus aaudaningldtuds thamzdiunes
lsndmdutudn o lusmmedevundn Tneivasaranslnunaideunaslss wWudu 0.075 Ty
a1 (KCL 0.075 M) duauazidon aniugangnoueadaundnadlunaontunissun 15
fiadans vufigamgiivieadunan 30 wit thlutusiesi 1,500 seusiemidunal 10 ui ga
duluduuuiic duhenssann (fixative) 7iddrunanvasumuea 3 dausiensnezdin 1 dou
(methanol: acetic acid; 3:1) fwesilvuazifudn thansavangludud 1,500 seusoufidurian

10 Wi gadnlatisuunuiuuienIsanimal 7 daddns Jusennuisiseusazianvingy

v '
o o A

) v < = vl a
PG UNDA AL N UARLAELDIN MUNENDUWARA MANTALAUNSILAaLIT -20 By waliyd

3.3 nswseualanlasialey wazn1sdaudlasiulay
wisyalanlasluloulnsiinenauwasnwseullnaiueavualanidzein 2-3 nen Lag
PeAMIINELan 2 Wwuiwes Yasslmidlusinia nswssvalasazwseuainsegrslaisiay

5 dlan n158audlasiulay 1nemAdANISEaULUUSITUALALN1TIDUWAUARUIUUDS
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3.3.1  MSHoULUUSTINAT
JoNdluusTIUANTdaumaddnag A TuTY 10% Tunesuwines (Gurr’s buffer)
oH 6.8 \Junan 30 il uds drdladdetinduliazenn dsliuts thlunsiedeuneldnges
Yanssadiuuldiaamaens 10X wag anen nalefidaarene 100X
3.3.2 nsdaunaudnuuues
Faulai1nisns Howell and Black (1980) il aualadit 60 asmiwaldoa aghs
198 11U MuaTaos A TNAULTNTY 50% (50% AgNO;) asuudlan 4 nen LazruALlIaaIA
upIdITY 2% $1uau 2 venasuualad Iasnenszandaalad udnindrdeudt 60 aam
wailea Wunan 10 wit §redaneslunsmauivesndieiingu fedladliuis tilunsiedeu

aelandesganssminvulduasigareny 10X uay drgnmmerindgaveny 100X

3.4 mInsiadaulaslalen nsdauasleind wazn1sidnlounsuunsgu
n1snvdeulasiulen dnviuaslelvd wasdalownsuunnsgiu daulasainisnisves
Turpin and Lejeune (1965)

3.4.1 n1sasadaulasiulay

Benwadiiilasluleuszezmmmanszarediilddouriuiu dundenmiasluley
Ingldiaudingrindsvens 100X Ingldynaonmiisedundesqanssmi vielindesndnea tile
asratiusualastulauanamanelastulen $1uau 100 wad Anudvessiulasiuleuiiny
winftan asfurvessunlaslilsufnasefvesdeditindy q mndutuglasiulendviiondy
(homologous chromosome) wagAnwlaslulaulngnisniAiaueveslvulaslulau1een?
(long arm; LU A2nenavesuaulasialeud1edu (short arm; Ls) LasAILUIMNIAILE19781
laslulguum agun g (total length; LT, LT = LU+ Ls) @1uauA 1 relative length (RL) wag
centromeric index (1) teszyriinvadlasiulen uaztheadilaluliuszneulunmsdaviueslelnd
uazdflounsu

3.4.2 nsdaviuasleind

T5udeildlunisdurlaslulsuimioudu Tnsnsmmussundasulnsidesvos
laslulzunrazuvislueas Saatmusnvesivulasiuleudnen Apue1vesuulasiulys
Fredu thailsunmuamanuevedasileuwiasus saSeuaslolntd IhSoemuemy
g1avedlasiuleuudazganuntunves sniulasiulaumearnaduganineyuasdieas
diosvonneavedlaslilsuusiargdnuans NeuvidlasTalsaluauineduegduuy uaudemn

Y

PEYAUAN
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(%
Y

JuURDUNTINITILAS Lo lnd

1. @onwadluszozumia ifauinvedeaslulellenudeduivld finnsnszanefiall
Fouriuiu waztiuduulaslulvuldasuwhiusuulashileuwesddidinviaiu sronmeadh
Wonhilngldiaudingindaveny 100X Hanudndnwau 20 wwas

2. ‘Lsé'fgﬂzhaﬁlﬁlumﬁugj‘iﬂﬂﬂwﬁmﬁauﬁu Tagn1sARUARILALIIB LY UInSIHesves

TasluTssusazuvsluwag anduiadiarusnveawulasluloud1aen Arruenivenvy
Tasluloudnady thandilgunmuiamauenvestaslulsuusasuis n1sinAiALe198s
lnslulguenavgldisnisnlasiuleneanunainguateiiazuis Mvuamnewyllasiulouynie
NOUNNTIA Lﬁa"’g’mmmmaLa%fﬂLLé’ﬁﬁijmImeﬁﬁmmmwmmuLwiassé’m LAEAINENIN
wislndlAeauinniian

3. MsMuIUMAT relative length (RL) Awanilaaingnsnadl

A1 relative length (RL) = ANNevedlasiulysLaazwyie (LT)

AnugTIviaiavaslastulauy e (L)

nsldan RL danunsatdielunisduelasiuleulauuusuniinisldrmanuenivedasiulay e
A1 RL vadlaslulenudazuiarzasilugn 9 lwad daudianuenvedastulauazsuanaaiululy

\ARLARLLTAR

4. N1SAUIMIAT centromeric index (Cl) ﬁﬂuamlé’mﬂgmﬁqﬁ

A1 centromeric index (Cl) = ANE1IY8LIULAS I TN19817 (L)

ANNEIVBILATIUlTULAaT L (LT)

then O fildhanseysiauedasTale neldinast fod

AN Cl agsening 0.500-0.599 dandulastulenviinmniauysn
AN Cl 9g5enin 0.600-0.699 dadulastulauviindumuniausn
AN Cl agsening 0.700-0.899 dandulastulewviinevlnsiouvsn

A1 Cl 985211319 0.900-1.000 nlulastulauaiamlaisunsn
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5. AnsmunuavuInYedlasiuley wusvuinvedlasiulsusanidu 3 vuie lasnivuals

laslulguaineniigadulaslulenei 1 wazlaslulvugndunianiulasiuleuganiing

Taslulanvuinlvg (large=L) Ao laslulanndanuenuinninaianilsvesnauin

g

Anugtevedlaslulaulvgjan swiulasluleueiniign

Y
1 14

falU L > LT 1ded?l 1 + LT indedanving

Y

2

lasluleuvuianane (medium=M) Ao lastuleufsiAianugnitesniinianile
vosruewievedlasiuledlngan sauiulaslulaugdniign

falu M < LT 1adedin 1 + LT lndegannie

2

Tastulouvuindn (small=S) Tonn Taslulauiilninueniteeninasanieusd
AugIRGevestasulaualvaan

MUY S < LT agan 1

Y

2

6. Iasesuaslalnd WiTvenunueivedlasiulauusazganuinlumdes sniiu
laslulgammaznaduganineyuansdis desuennuielarvedlasiuleunnas gAua1e
laslulzalviwvudnesdueginuuy waudragiegauan waslouinauwidastuleulvidumiisy

nsulesnsany

3.5 N19YINDALALNTNNINTIY

saleunsu Ao laozunsunansuailolndvedlasiulen 1 yauonassd d3Usznaudie
Tnslulwusnsne waglasluloumna nelideyarnadonimenvedasiulen susweslasiulay
wardundsgulnades dalownsuanmalianisdevdlaslulounuusssualdgadszozmmnla
yilpay 20 was dndauestelnd udrinanuenveawsulasluleudiee wavwaulasiiloudng
Fuvedlasluleamnadionedides (vemien Savhamaadalounsudisnouiiannes tnenisii
Anadsauenveslaslulsusiazguasiansmlagldlusunsa Microsoft Excel XP/2003 14

wnudia (v) luanuemvediasiuleuusdaze wasunuweu (X) iWudduredastuloug ilva)ign
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lWumaianian snviulaslulsumadadugaaiie udnhuivsugusisveslasiuleulagly

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

3.6 NM3ANYINeFU NG
AsTUNIEaUaT Aurdnves Taylor (1962, 1963, 1965) Jon1indndiuvesuan waznis

=Y

UUTUIUVBINIUATUAN 9 fnkUasanulsdeu]u

a

AN5797 AUINYT VaIATUTEUT UNNaY

(%
a

inwasmans snwsdetldiinnuvsnesisiolud

D; Dorsal fin = ASUNAY

A; Anal fin = ASUNY

P; Pectoral fin = vﬁmg

V; Ventral fin = ASUY194

C; Caudal fin = ATUNN4

SL; Standard length = AnugMIUagavedazsegniaUaneanveensean hypurals

HL; Head length = anuemUaegavesazsesUnluiswaumumegauatiiunszanin
\Widan

Body depth = svtzAimnaInTeUALULIeEI U AEuR T AT UM IANE
AUAN

Body length = A3ME1IVBIIIFIAINVOUATUTINYAAYBIUNUNTEANTUALTBNHITNING

Caudal-fin length= A1ugAsuMalaginannUaeaavednsegn hypurals faUanganves

a
ATUNAN

(%
Y ;Y

Caudal-peduncle depth = 5¢ wqmﬂﬁuaumuuuﬁjﬂmaﬂﬂammaaﬂmﬁwaué’mdwﬂaq
ADAYNY ATIUTIEILTLALTIAR

Eye diameter = LduHuAUgNa195E1iNgmT

Post-orbital length = AUEIAINVDUMUNAIVBIADIUANEAAVBILAUNTEANUAWTEN

Snout length = A3MMEMIAINUAYEATBIRIBYUINAIVBUATUMITINVDIAN

Total length = AME1IINUANEEATD9TLIREUINIIUAEFAVBIATUNIY

@l 1, 11 lll..etc ) = Srunuiuasunds

@Ye150A (1, 2,3 ..etc) = IUIUNUAIUDDY



uni 4

NaN159¢

4.1 wsguAvE19Uan

AsIUnTaUaT Munanves Taylor (1962, 1963, 1965), 35n15indadiuwaslan uag
NSUUTIWIUVBINIUATUAN 9 Faudasnnuiledeufiinisiun Juiven vesrnsUseus imdy
inwasans Snusdedilafimnumneddeluil

D; Dorsal fin = ASUMAY

A; Anal fin = ASUNY

P; Pectoral fin = ﬂ%‘u‘gj

V; Ventral fin = ASUY1949

C; Caudal fin = ASUN

SL; Standard length = AMugIUaEgnvedIzsesntalateanvaensean hypurals

HL; Head length = anuemUawgavesazsesUnlufisweumumegauatiiunszanin
Wden

Body depth = Sz¥iaInaInveUduULTsE U N S S uTeIATUMAasE
AU

Body length = A3NEIVBITIRININVDUATUYINYAAYBIMNUNTEANTUALWTBNDHIINING

Caudal-fin length= AugATUMalaginanUaegauednsgn hypurals fauaegaves
ATUN

Caudal-peduncle depth = 33szégqmﬂsuauﬁmuuqﬂﬁuaqﬂammqmmﬁwauéfmmmq
ARV ATIUTIMELTLAUTIGR

Eye diameter = L@UHUANENA195E 1IN0

Post-orbital length = AINE1IANVBUMUMEIVDINTUAEEAVDIUHUNTEANTALYTON

Snout length = ANuEMINUAEEATRIRY UINAVBUATUVITIIVEIM

Total length = AMUEMIINUMEEATDIALI08UNTIUMNLFAVRIATUNS

@ulssiuC 1, I, ll..etc ) = SuruiuAsuLda

wvensda (1, 2,3 ..etc) = SmuiuaIvgeu

o 4

ANSANWINUTANENS laaveaUaluATId taltmagn1auan anerasinlufiuneneLe

)

6 o

Javdamasysal el



MW 4.3 dnwazduguineinieuenveslamuetambeu (Pristolepis fasciata)
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MW 4.4 dnvaizdugiuineinieusnveslan@iluliuauud (Danio albolineatus)

o (Y LY a v . B
2NN 4.5 anvasdugIuIneINeuenuesUawanIe (Bagarius yarrelli)

4.2 WugAansianuaIlaINzuAIY

wisalaslalsuanUauuunienss Seudlaslulsuuuusssuan Ténanisdnu il anua
nsAnwlasluleuvesvainuadite wudduulaslulsuinassaviniu 46 wis wasdl
TnsTulsufiugnu (NF) wiriu 46 ﬂgﬂmwm:mamwmﬁa TasTulesuseneudevdamlawuninit
46 wiv Uansuanglianunsawentaslulaumeeonantaslulonsanigld msglumediume
Fefsnuaredasiulafldwndstulasnuianiuanedlaskilsuiamlawuniniiav e
(0wl 6 uay 7) devimsiaruiauaztiumeanedslunisiaiaslelmduddsamisoduun
yunvaslasiuleneanily lawuvsnauiavgdiuiu 4 g wlawun3nuianat 13 ¢ wmla

wuvsnuwIaEn 6 A wazthundavinansaslelndlanadl 2n (46) = LigtMietSt,



& AL Aap at an
1 2 3 4 5
N 1) AA A8 AR &~
6 7 8 9 10
Y Y ) [ X ) [ 1) AR an
11 12 13 14 15
88 LY ) - e [ ] ) akh
16 17 18 19 20
A a6 o006
21 22 23

25



A 4.6 Taslulausyegiunivla (uw) wagaistelnt (@1) vesuain3uaieg (Trichopsis

vittatus, 2n=46) ey Iaen13deualasiuleuiuusITua

E 1 1 an RA AA
1 2 3 4 5
1) (1] an aAa AN
6 7 8 9 10
e Aa A & AR
11 12 13 14 15
A e AN ._. [ Y Y
16 17 18 19 20
N X - o -
21 22 23

26



i 4.7 laslulanssuzimnia (vu) wazaslelnd (@19) veslain3uang (Trichopsis

vittatus, 2n=46) weklly Inen15douaElAs I lgULUUSITUAN

1 2 3 4 5 6 7
9 10 11 12 13 14 15
17 18 19 20 21 22 23

16

AP 4.8 AlaunsusnsgruvasUainiuae (Trichopsis vittatus, 2n=46)

27
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A157197 4.1 LEAAIALRAIANNYNIVDIUVUTIIEU (Ls) AYNYNILVULIIEN? (LD) A381390 90U

TasTulaastavan (LT) A relative length (RL + SD) A1 centromeric index (Cl + SD) Lagaun

laslulguvesUansumegiazineiilio g 20 wad

Taslulay R

o Ls L LT RL = SD Cl+SD YUN IUN
al

1 0.00 | 0.29 | 0.29 | 0.232 +0.509 1+£0.00 telocentric L
2 0.00 | 0.24 0.24 | 0.200 £0.446 1 +0.00 telocentric L
3 0.00 | 0.21 0.21 | 0.176 £0.391 1 +0.00 telocentric L
a4 0.00 | 0.21 | 0.21 |0.171 +0.383 1+£0.00 telocentric L
5 0.00 | 0.20 0.20 | 0.163 £0.364 1 +0.00 telocentric M
6 0.00 | 0.20 | 0.20 | 0.156 +0.346 1+£0.00 telocentric M
7 0.00 | 0.19 | 0.19 | 0.150 +0.327 1+£0.00 telocentric M
8 0.00 | 0.19 | 0.19 | 0.148 +0.327 1+£0.00 telocentric M
9 0.00 | 0.18 0.18 | 0.147 £0.328 1+ 0.00 telocentric M
10 0.00 | 0.18 0.18 | 0.143 £0.319 1 +0.00 telocentric M
11 0.00 | 0.17 | 0.17 | 0.137 +0.300 1+£0.00 telocentric M
12 0.00 | 0.17 | 0.17 |0.133 £0.290 1 +0.00 telocentric M
13 0.00 | 0.17 | 0.17 | 0.132 +0.291 1+£0.00 telocentric M
14 0.00 | 0.17 | 0.17 |0.126 £0.272 1+£0.00 telocentric M
15 0.00 | 0.16 | 0.16 |0.118 +0.254 1+£0.00 telocentric M
16 0.00 | 0.16 0.16 | 0.118 £0.254 1 +0.00 telocentric M
17 0.00 | 0.16 0.16 |0.114 +0.244 1+ 0.00 telocentric M
18 0.00 | 0.15 | 0.15 | 0.110 +0.235 1+£0.00 telocentric S
19 0.00 | 0.15 | 0.15 | 0.109 +0.236 1+£0.00 telocentric S
20 0.00 | 0.14 | 0.14 | 0.106 £0.226 1 +0.00 telocentric S
21 0.00 | 0.14 0.14 | 0.101 £0.217 1+0.00 telocentric S
22 0.00 | 0.13 | 0.13 | 0.117 +0.219 1+£0.00 telocentric S
23 0.00 | 0.12 | 0.12 | 0.104 +0.190 1+£0.00 telocentric S

wnewe: L = lastulsuawining, M = lastaleuawianans, S = tashulauvuinidn
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4.3 WugAansigasvasUawluay
Juduwirulastulouanadluszezunwmadiuiy 100 waa wulinuaiwluainedsnuiu
lasluley 2n= 48 wag NF = 96 nan159awastatndainlasiuleulussesiuninavasuaiklu

AMENUILAS IO INTUTENaUMETASIUIDUBTAUNTUNTA 8 b FUINWTUNIA 16 hViakarey

¥
Y a

TASIuUSA 24 uiis (A NF 4.9 uae 4.10) dnandavihansanslelndladail 2n48) = LM+ +

M™y + MM+ M2 5

wv X
L =9 g
- B
v g o,
- ) Jo‘.
p g 0 Y
v~ » >
- y X 8
J
f v q » 2
., A
“ o - A
4 -
-
m | XK xR xR x»x
1 2 3 4
M B a8 AR AR K& AR A Ax
5 6 7 8 9 10 11 12
° OO [ Tl NH AA AA AA A AN
13 14 15 16 17 18 19 20
CaTA) (alal AN s
21 22 23 24

AN 4.9 wasszezwmwawazastelndvesuakluaine(Paralaubuca harmandi:

2n=48) Ay N seeudlasiulauuuusssun anamiu 5 lulasiuns
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*x,
. < R
L £ &y
» *ar v _ "o
¥ < °
A T K¥ v
v
<8 -
-3 - - ¢ ®
- ¥ x a
- 4
. Ml N
m %8 R Rae ®X
1 2 3 a
AN (17, R 1272 R A A P
5 6 7 8 9 10 11 12
A AN A AA AR A A Al R 8
13 14 15 16 17 18 19 20
AN HAH AN sede
21 22 23 24

AN 4.10 waaszezmmwasaziastelndvasUawluaine (Paralaubuca harmandi;

2n=48) wekile 31NN58auFATIUTULUUSIIUAT F@nawniu 5 lulasiuns




1 2 3 4 5 6 7 8
9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 24

A9 4.11 BfleunsuNnIgIuveslawluany (Paralaubuca harmandi; 2n=48)

INNTYBUFLAS LU LYULUUSTTIUAN
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a1519fl 4.2 A1t vadnueveswuulastuleud 19§y (length short; Ls) A2INB1I70 MUY
laslulaudn9g1q (length long; LU aanugiiavaavedlasiuleuusaze (length total; LT) A1
relative length (RL) A1 centromeric index (CI) ﬁ’nﬁmmummgm (standard deviation,SD)

999 RL way Cl nwaasrezunla 20 waavesUawduming (Paralaubuca harmandi:2n =

48)
Taslulay -

o Ls L LT RLE SD Clt sb YUA | UM
Q‘V]

1 37.767 46.037 83.804 0.063 £0.006 0.549%0.021 m L
2 31.138 36.886 68.024 0.05120.004 0.54210.020 m L
3 27.106 31.953 59.060 0.0447%0.004 0.541%0.020 m M
4 23.629 27.398 51.026 0.03810.005 0.53710.016 m M
5 30.593 64.310 94.903 0.071%0.008 0.678%0.024 sm L
6 25.363 55.296 80.659 0.06010.008 0.68610.021 sm L
7 22.727 45.918 68.645 0.051%0.005 0.66910.022 sm L
8 21.734 41.218 62.951 0.047%0.004 0.655%0.021 sm M
9 19.174 36.571 55.745 0.04210.003 0.65610.029 sm M
10 17.759 34.050 51.809 0.03910.003 0.65710.025 sm M
11 17.042 31.953 48.994 0.0372£0.003 0.65210.027 sm M
12 15.915 28.881 44.796 0.034%0.003 0.64510.023 sm M
13 18.227 52.402 70.629 0.05310.007 0.74210.031 a M
14 16.878 46.244 63.122 0.047%0.005 0.733%0.021 a M
15 14.669 41.140 55.810 0.042%0.004 0.737%0.024 a M
16 13.706 37.860 51.565 0.039%0.003 0.734%0.028 a M
17 13.061 35.888 48.949 0.03720.003 0.73310.018 a M
18 12.884 33.899 46.784 0.03510.003 0.72510.021 a M
19 12.279 32.786 45.064 0.03410.003 0.72810.024 a M
20 11.871 30.953 42.824 0.032140.003 0.72310.019 a M
21 11.191 29.214 40.405 0.03020.004 0.72310.017 a M
22 10.342 26.845 37.187 0.02810.003 0.722%0.014 a M
23 9.706 24.696 34.402 0.02610.003 0.71810.013 a M
24 8.284 21.699 29.983 0.022140.003 0.72410.022 a M

wunewie: L = lastulsuswalug, M = lastulguswinnans, S = taslulauvwinénm =

Tastulouatauuneunsn, sm = laslulouslagumnieunsn, a = wslulausinoy

1ASUNSN
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4.4 WugAmansiwadvauaunadruntey
wamsnasainyiiunlaslilsfnassdiinty 48 uwis (24 6) Sundesluleiiug
wuiammetrawBeuiidunlailoiuguviniy 48 Helumweduasmades uonanddmuin
Uamwetrambeudiua 2 i1 wullaslulay (B chromosome) wwiadind . 3 uria Yamue
Hramdeudnnau 1§ wullesTilomsunadndou 1 uwis uaglinuTlaslalen (il 4.12) waglsl
wuA uane1sesgUselastulemmalutammetamdou (1wl 4.13 uas 4.14) Yavue

fravgeuignsanslotnd fsil 2n(d8) = L' + My + S’ + 0-3 B-chromosomes

n - 9
L J e
Q.O. : 0.. o’.' . ‘ o
F I/ 1
~ e ., L ) ’
A J .0..:0 '. - »
N
.00.'0 ’ o :’ L3R ¥ ’ .'
0% ' a7
te
* > N ‘. .\,‘ ‘."
- 0" ‘\ ’
. F 5 um
5pum ' % T
-
A N}
\ l.‘ « ' P »
) ’ o
\ \ “ J‘ ’ ‘. ”'\. #
h ¥ “ O ot e
Ns*y - =78 ove \.
vy e o
» F A ‘e % '.“.. A '
P " Spm ROPRN Sum
n

AN 4.12 waaszezumavesUamustdaubeu (Pristolepis fasciata, 2n = 48) laan1seos
LaudkuusTIUnI (n) Usingilaslulaudiuiy 1 wia (v) Tlaslulandiuiu 2 uis

(A) harUlaslulaua1uIu 3 ke (9)



k2
.
“.. ..
LY
aleiss o
o sae ¢,
.Oo o s s
oo
“Tets
.
E
L J - ¢ P
5pum
[ L) [ 1) (1) (1} B (1}
1 2 3 4 5 6
L 1) w8 AS [ I e [ T B
7 8 9 10 11 12
e Ex) A EX 3  * [ L. 2
13 14 15 16 17 18
L) LX) -a [ ] ) £ L X
19 20 21 22 23 24

AN 4.13 wadszeziumia (uw) waganslelnd (@19) Yamuedramvdeu (Pistolepis.

fasciata, 2n = 48) lagN13oNLAUALUUSIINAT
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s
- =
—."‘ Ed
| N e ¥
- e
I "
‘\'\ e
‘o' “’
- I -
) ’
"
" 5 um
’
T I LI L B L L)
" " (1] []) (1] 1)

[]]
3

.-
-
-
-
=

1 1 15 16 17 18

" (1) (] ) (L) T (L]
0

19 2 21 22 23 24

1 B-chromosome

AA 4.14 wadszaziuning (uw) wazaslelnd (@19) Yammetnawmbeu (Pistolepis fasciata,

2n = 48) lngnsdauuauanuusssun wazusngUlasiuley 1 uis
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A
-
W
‘. L NN
B
.‘ - ' °
- ’: %% e
s (P § B
e _% 8 4 7
L -
kS P
. o Sum
B L) " EX] [ ) e (1
1 2 3 q 5 6
R [ ) £ W [ ] ] L]
7 8 9 10 11 12
B 1 X [H] ] BN L ]
13 14 15 16 17 18
B 1) EX [ ]} [ ] ] LA UL
19 20 21 22 23 24
L N N J
3 B-chromosomes

AR 4.15 wadszaziuning (Vw) wazaslelnl (@19) Yauetambeu (Pistolepis fasciata,

2n = 48) Inen13daulaudkuusssum wazusingilasiuley 3 wie



1 2 3 4 5 6
7 g 9 10 11 12
13 14 15 16 17 18

19 20 21 22 23 24

A 4.16 ddlounsusnnsgruveslamuetamiey (Pistolepis fasciata, 2n = 48) laans

DU UALUUTITUAN
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A5199 4.3 AR (mean) ¥99ANNEVBILYULAS I ToNT19EdY (Ls) wvulasiulaudngend (L)

Aug1lasluleuusaze (LT) relative length (RL) centromeric index (Cl) wag And sy

WIM351U (standard devation, SD) ves RL way Cl vestavaadawmdeu (Pristolepis fasciata,

2n = 48) AlainudlasTalew $1uau 20 wad

Tastuleay LS LL LT RL+SD Cl+SD A | YU
g
1 0.00 2.224 2.224 0.060+0.004 | 1.00+0.00 t L
2 0.00 1.973 1.973 0.052+0.002 | 1.00+0.00 t L
3 0.00 1.884 1.884 0.050+0.002 | 1.00+0.00 t L
4 0.00 1.834 1.834 0.048+0.002 | 1.00+0.00 t L
5 0.00 1.795 1.795 0.047+0.002 | 1.00+0.00 t L
6 0.00 1.757 1.757 0.046+0.002 | 1.00+0.00 t L
7 0.00 1.716 1.716 0.045+0.001 | 1.00+0.00 t L
8 0.00 1.680 1.680 0.044+0.001 | 1.00+0.00 t L
9 0.00 1.660 1.660 0.044+0.001 | 1.00+0.00 t L
10 0.00 1.627 1.627 0.043+0.001 | 1.00+0.00 t M
11 0.00 1.600 1.600 0.042+0.001 | 1.00+0.00 t M
12 0.00 1.556 1.556 0.041+0.001 | 1.00+0.00 t M
13 0.00 1.540 1.540 0.041+0.001 | 1.00+0.00 t M
14 0.00 1.528 1.528 0.040+0.001 | 1.00+0.00 t M
15 0.00 1.492 1.492 0.040+0.001 | 1.00+0.00 t M
16 0.00 1.461 1.461 0.040+0.001 | 1.00+0.00 t M
17 0.00 1.429 1.429 0.038+0.001 | 1.00+0.00 t M
18 0.00 1.397 1.397 0.037+0.001 | 1.00+0.00 t M
19 0.00 1.388 1.388 0.037+0.001 | 1.00+0.00 t M
20 0.00 1.343 1343 0.036+0.001 | 1.00+0.00 t M
21 0.00 1314 1314 0.035+0.001 | 1.00+0.00 t M
22 0.00 1.283 1.283 0.034+0.001 | 1.00+0.00 t M
23 0.00 1.204 1.204 0.032+0.001 | 1.00+0.00 t M
24 0.00 1.051 1.051 0.028+0.002 | 1.00+0.00 t S

nugng: t = laslulguvidamlawunsn L = laslulguvwialvg M = laslulguvuianane s =

Taslulauuunnian
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17 18 19 20 21 22 23 24

1 B-chromosome

AN 4.17 BAlaunsuunsgiuvaslamued1undeu (Pistolepis fasciata, 2n = 48) lagns

P a oAl ~ o '
dounauanuusssun nauanuilasiuleudiuam 1 uis
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A5199 4.4 AR (mean) Y9N8V YULAS I ToNT19EdY (Ls) wvulasiulaudngend (L)

Aug1lasluleuusaze (LT) relative length (RL) centromeric index (Cl) wag And sy

WIM351U (standard devation, SD) ves RL way Cl vestavaadawmdeu (Pristolepis fasciata,

2n = 48) MNUUIASIUTEUINUIU 1 byi9 91WIU 20 wad

lasluloy LS LL LT RL£SD Cl=SD i | wwn

4

1 0.00 1.919 1.919 0.056+0.002 1.00+0.00 t

2 0.00 1.722 1.722 0.051+0.002 1.00+0.00 t

3 0.00 1.681 1.681 0.050+0.002 1.00+0.00 t L
a4 0.00 1.617 1.617 0.048+0.002 1.00+0.00 t L
5 0.00 1.579 1.579 0.045+0.001 1.00+0.00 t L
6 0.00 1.553 1.553 0.046+0.001 1.00+0.00 t L
7 0.00 1.523 1.523 0.045+0.001 1.00+0.00 t L
8 0.00 1.498 1.498 0.044+0.001 1.00+0.00 t L
9 0.00 1.472 1.472 0.044+0.001 1.00+0.00 t L
10 0.00 1.463 1.463 0.043+0.001 1.00+0.00 t M
11 0.00 1.424 1.424 0.042+0.001 1.00+0.00 t M
12 0.00 1.410 1.410 0.042+0.001 1.00+0.00 t M
13 0.00 1.383 1.383 0.041+0.001 1.00+0.00 t M
14 0.00 1.372 1.372 0.041+0.001 1.00+0.00 t M
15 0.00 1.355 1.355 0.040+0.001 1.00+0.00 t M
16 0.00 1.319 1.319 0.039+0.001 1.00+0.00 t M
17 0.00 1.281 1.281 0.038+0.001 1.00+0.00 t M
18 0.00 1.254 1.254 0.037+0.001 1.00+0.00 t M
19 0.00 1.231 1.231 0.037+0.001 1.00+0.00 t M
20 0.00 1.202 1.202 0.035+0.001 1.00+0.00 t M
21 0.00 1.189 1.189 0.035+0.001 1.00+0.00 t M
22 0.00 1.146 1.146 0.034+0.001 1.00+0.00 t M
23 0.00 1.102 1.102 0.032+0.001 1.00+0.00 t M
24 0.00 1.019 1.019 0.030+0.002 1.00+0.00 t M
1B 0.413 _ - - B-chromosome

nanewe): t = lashuilsuilawlawunin L = laslulouvwialvg M = laslulsuvuinnans
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1 2 3 4 5 6 7 8
9 10 11 12 13 4 5 16
17 18 19 20 21 22 23 24

3 B-chromosomes

1 1

AN 4.18 FAlounsuunsgIuveslainuetianieu (Pistolepis fasciata, 2n = 48) 1a8ns

douwauanuussTua nquAnuilasiuleudiuay 3 uis
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A5199 4.5 AR (mean) Va9ANUE1IVeIYUlATILlgN9E Y (Ls) waulasiulaudneny (L)

augnlaslulyuudaze (LT) relative length (RL) centromeric index (Cl) kag A1

W 89l uuNIn5§U (standard devation, SD) 494 RL kag Cl vasuamudianisy

(Pristolepis fasciata, 2n = 48) FwuTlasTulousiuiy 3 wis $7uau 20 wwad

LSiade

L Twade

1asluley LL1 RL+SD Cl+SD w1l YU
i
1 0.00 1.104 1.103782 0.058+0.004 1.00+0.00 t L
2 0.00 0.100 0.999533 0.052+0.002 1.00+0.00 t L
3 0.00 0.956 0.95644 0.051+0.001 1.00+0.00 t L
4 0.00 0.921 0.921217 0.048+0.001 1.00+0.00 t L
5 0.00 0.900 0.899894 0.047+0.001 1.00+0.00 t L
6 0.00 0.879 0.879175 0.047+0.002 1.00+0.00 t L
7 0.00 0.852 0.851635 0.045+0.001 1.00+0.00 t L
8 0.00 0.833 0.832691 0.044+0.001 1.00+0.00 t L
9 0.00 0.824 0.824275 0.043+0.001 1.00+0.00 t L
10 0.00 0.813 0.813471 0.043+0.001 1.00+0.00 t L
11 0.00 0.803 0.80294 0.042+0.001 1.00+0.00 t M
12 0.00 0.794 0.794421 0.042+0.001 1.00+0.00 t M
13 0.00 0.776 0.775582 0.041+0.001 1.00+0.00 t M
14 0.00 0.759 0.759325 0.040+0.001 1.00+0.00 t M
15 0.00 0.754 0.753931 0.040+0.001 1.00+0.00 t M
16 0.00 0.744 0.743773 0.040+0.001 1.00+0.00 t M
17 0.00 0.733 0.73307 0.038+0.001 1.00+0.00 t M
18 0.00 0.724 0.724379 0.038+0.001 1.00+0.00 t M
19 0.00 0.711 0.711063 0037+0.001 1.00+0.00 t M
20 0.00 0.697 0.69667 0.036+0.001 1.00+0.00 t M
21 0.00 0.664 0.664459 0.035+0.002 1.00+0.00 t M
22 0.00 0.650 0.649816 0.034+0.002 1.00+0.00 t M
23 0.00 0.611 0.61058 0.032+0.002 1.00+0.00 t M
24 0.00 0.514 0.513902 0.027+0.003 1.00+0.00 t S
1B 0.258 - - - B-chromosome
2B 0.250 - - - B-chromosome
3B 0.233 - - - B-chromosome

naewn: t = leslilendamlawwrsn L = lasllawvwialvg M = laslulauvunanans

Taslulauuunnan

S
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4.5 wugmansiwadvasUar@alulivauyn
wansEnwasstinuindsnaulesTilasAnaoedvintu 50 wis Swadasiuleaiugn wihiu

100 e uazinadle. uasTolndussnouludelasTiloumsinumusurin 8 wis Summmigunin

14 wis wazvinevlasiwunsn 28 wis linuanuwandsvedlasiulaume ardsluliuaueniigns

wpslelndsatl 2n (50) = L™, + L™ + L% + My + Mg + M2y,

. p
X e,
\i p -~
ks
*
¥ - “ -
et T +
“ 8 .2
| v
“ - N
s -'vv
y {

m|( XE B§% £ X
1 2 3 4
x| X} AR SR BR A¥ XK A}
5 6 7 8 9 10 11
i AKX %8 AR AR AR
B 12 13 14 15 16 17 18 19
Bl 44 BR AR BR WA

20 21 22 23 24 23

AT 4.19 wadszezunna (vu) wazaistetnd (a19) Yargaluluwauwid (Danio

albolineatus, 2n = 50) \WAE LENITETBULOURLUUSTIUAT
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AT 4.20 wwadszeziunna (vu) wazaisiatnd (a19) Yargaluluwauvid (Danio
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1 2 3 4 5 6 7 8 9 10 11 12
13 14 15 16 17 18 19 20 21 22 23 24 25

Ad 4.21 Baleunsunsgiuveslar@iluliiauwd (Danio albolineatus, 2n = 50) lnan1s

DU UALUUTITUAN
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a1519fl 4.6 AL vadnueveswuulastuleud 19§y (length short; Ls) A2INB1IT0 MUY
laslulaudn9g1q (length long; LU aanugiiavaavedlasiuleuusaze (length total; LT) A1
relative length (RL) A1 centromeric index (Cl) ﬁ’nﬁmmummgm (standard deviation,SD)

999 RL way Cl nwasszazning 20 wadvaaua1dluliwauvii (Danio albolineatus;:2n

= 50)
Taslulay -
¥ Ls Lt LT RLE SD ctsb PUA | YUIA
1 1.628 1.851 3.479 0.043+0.001 0.532+0.037 m L
2 1.576 1.879 3.455 0.043+0.000 0.544+0.030 m L
3 1.414 1.774 3.188 0.040+0.000 0.556+0.007 m M
a4 1.302 1.694 2.996 0.037+0.001 0.565+0.022 m M
5 1.295 2.955 4.250 0.053+0.002 0.695+0.003 S L
6 1.196 2.496 3.692 0.046+0.000 0.676+0.025 S L
7 1.222 2311 3.533 0.044+0.000 0.654+0.002 S L
8 1.150 2.089 3.239 0.040+0.001 0.645+0.006 S M
9 1.049 1.940 2.990 0.037+0.000 0.649+0.013 S M
10 0.988 1.645 2.634 0.033+0.001 0.625+0.012 S M
11 0.963 1.603 2.566 0.032+0.001 0.625+0.044 S M
12 1.035 3.356 4.391 0.055+0.003 0.764+0.009 a L
13 0.871 2.907 3.779 0.047+0.001 0.769+0.030 a L
14 0.887 2.746 3.632 0.045+0.001 0.756+0.010 a L
15 0.818 2.481 3.299 0.041+0.002 0.752+0.013 a L
16 0.845 2367 3.212 0.040+0.002 0.737+0.014 a M
17 0.852 2.433 3.284 0.041+0.000 0.741+0.006 a M
18 0.784 2.227 3.010 0.037+0.001 0.740+0.004 a M
19 0.775 2.286 3.061 0.038+0.001 0.747+0.016 a M
20 0.788 2.002 2.789 0.035+0.001 0.718+0.010 a M
21 0.708 2.202 2910 0.036+0.000 0.757+0.007 a M
22 0.685 2.143 2.828 0.035+0.001 0.758+0.013 a M
23 0.684 1.924 2.608 0.032+0.000 0.738+0.004 a M
24 0.709 1.756 2.465 0.031+0.000 0.712+0.004 a M
25 0.655 1.706 2.361 0.029+0.001 0.723+0.017 a M

wanewe: L = lastulauvwaive), M = lastulsuawinnans, s = tashuleuvuiman,m = tastulay

AN UNWBUNIA, sm = AU TDATULN L UNIN, a = astuleurdaezlasunsn
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4.6 WugAansiwadvaIUaluAnIeY

Jaudamedsunulasiuleufnasedivhiy 56 wis fdunulasluleuiiugiuviiu 106
e (il 4.22) uazimeidle (il 4.23) ueslelndusznauselastulsuvunalugidimwon 14
wie Taslulguvuinnatsdiuau 27 uslastulguauiaaniaiuiu 15 uwiskazvialasiuloy
Usznaumelasiulsusiiaunisuninvuinivg 5 wis SummsunsnuuIning 7 uis azlass
UNTNVUIATAGY 2 WY LN UBUNTATUIANAN 11 UV FULNILUNINIUINNAIS 10 U ozlas
LBUNSNVUIANATE 6 WY LUNUBUNINVUIALAN 2 WA FUINUNGUNSNTUIALAN 1 We ozlAsi
uvnauinidn 6 wis ilawuvdnuwiadn 6 wis sedlimuemiuuandsesguinslesiulouine

ﬁqmm‘ﬂalmﬂ fatl 2n(56) = L™+ LM+ L% + MMy +M* ™0 + M+ ST, + S, +5% +S%



m
8 9
B 1 1| AT 13 1 B 1 B 14
sm || 10 11 12 13 14 15
AN
17 18
| AN an AN aa an as
19 20 21 2 23 24
t t | . me wa
26 27 28

AT 4.22 WwadsrezE (uu) wazuaslelnd (@19) veslaAnig (B.yarrelli 2n=56)

WA meLnAlANTSEaNALUUSTINA
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AN 4.23 adsyaziuniila () Laziaslalnl (819) vesUaiianing (Byarrelli, 2n=56) weildle

MEUNATANISEDUFALUUSITUM
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1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18
19 20 21 22 23 24 25 26 27 28

AR 4.24 BAlaunuNINIFINVBIUAMARE (B. yarrelli, 2n=56) Mmewatiansdoudiluy

833UAN
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A15199 4.7 Aaae (mean) ANNE1ILUULASIulauT198Y (Ls) waulaslalaugneen (L) A

glaslulanusiazd (LT) Anade centromeric index (C) Adgauuuinggu (Standard

devation, SD) 984 RL waz Cl 9u1n (size) wazaila (type) vasualwAnite 20 waa

Al Ls Lt LT RL+SD Cl+SD we | vie
1 46.36 55.14 101.51 1.260+0.109 0.545+0.018 L m
2% 41.95 51.33 93.28 1.160+0.116 0.551+0.016 L m
3 39.65 471.78 87.43 1.089+0.127 0.548+0.027 L m
4 36.91 44.34 81.25 1.009+0.116 0.547+0.015 M m
5 34.81 ar.rr 76.58 0.951+0.123 0.545+0.017 M m
6 33.78 40.11 73.89 0.917+0.110 0.542+0.017 M m
7 32.40 38.03 70.43 0.875£0.112 0.540+£0.018 M m
8 29.42 35.32 64.74 0.807+0.109 0.545+0.027 M m
9 27.05 32.73 59.78 0.744+0.124 0.544+0.041 S m
10 36.18 72.19 108.37 1.341+0.118 0.666+0.020 L sm
11 34.58 64.34 98.91 1.225+0.077 0.651+0.024 L sm
12 31.24 59.81 91.05 1.126+0.051 0.656+0.021 L sm
13 29.68 55.27 84.95 1.053+0.033 0.651+0.025 M sm
14 28.38 52.28 80.65 1.000+0.000 0.649+0.019 M sm
15 26.59 50.54 77.12 0.958+0.033 0.656+0.022 M sm
16 25.01 48.31 73.32 0.909+0.038 0.659+0.017 M sm
17 23.67 a4.75 68.42 0.847+0.050 0.655+0.024 M sm
18 21.11 40.27 61.38 0.761+0.067 0.656+0.021 S sm
19 12.32 67.26 79.59 0.986+0.168 0.843+0.032 L a
20 11.78 59.40 71.19 0.882+0.132 0.832+0.028 M a
21 10.80 53.42 64.22 0.795£0.108 0.831+0.038 M a
22 9.97 48.30 58.27 0.725+0.086 0.826+0.035 M a
23 9.68 44.03 53.71 0.667+0.083 0.818+0.043 S a
24 9.20 40.31 49.51 0.618+0.087 0.814+0.032 S a
25 8.44 36.02 44.45 0.554+0.087 0.806+0.041 S a
26 0.00 39.85 39.85 0.400+0.095 1.000+0.000 S t
27 0.00 35.27 35.27 0.442+0.080 1.000+0.000 S t
28 0.00 30.69 30.69 0.383+0.082 1.000+0.000 S t

e L = laslulauvwaivg, M = lashulsuwianans, S = Taslulsuvwiadnm = lashulauwin

WINWTUNSN, sm = LASLUlYUIRATULUNLGUNSA, a = taslulausinozlaswunsn
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5.1 msAnelaslulonvaslainiuniieg
PnuansfnylasiulenvesUainsumnenuiddulasiuleufinaseauindu 46 s §
Swaulaslulsuiiugiuoiiy g6 Taghifimuandsfuidlumeduosmeds Teaenndoaty
MEnuMIANEIves AT wnduiazauy (2550) MhnsAnwiaslelduaniuaieg Janiu
aneilesTalsurdamlawuiniomn Tsaenndosiunsnues Wles snduuasamy (2550)
uilunsnwedstannsasuunanavedaslilsusdamlawurineendu  wilawurEnuun
Ing 8 wvis wlawuydnuunans 26 Wi wazwlawunsnauiaan 12 wiie Swaulasluloud
wous (2n) ¥esUanIuAe donadesty Uainiud Jandudan Uatada Uainsehyn Jainsed
vifo Yannsziune wilannaiu Yardaden vandansed danfndu vandnlils Yannsziung
wazdanfingng Srualaslulendiugiu (NF) veslanuame aenrdesiu Uandudau Uaade
Uanseiiyn danseivdle wazUannsyauns (n3edlng dmsiuduazane, 2549) usuansedy
Yaiden Yandansed Yaninau Yaniesnlals yannseiuns 3sinsal Yo, 2544) Yandndneg
wazUaInIud
nsAnwuulasiuleufinasunzuse e wavvwinvedasiuley veslainsuang o
dniaslelnduazdflounsuuinsgiuveslainsuaiy  Inenunndilifisneaunisdavidalown
suvesanduameindeu Sinsdndnlounsuaasguvesaniuaelunsl anusofiaziily
HudeyalumsiSsuiisuiudniviedu viensdnoynsuistu Besddumeifauinisvesdnd

wardududayatugriudmsuldlunisusulgniugddidinlddnsely amnmswaguna wuindu

[
= o

ngualunsddilaslalen 46 uvs wasBusdamlawunin Fufuussmyswroslansdiied
Tnslulesfnasedvintu 46 usis 1éun Janadn Uainseduns dannsghsn Uanseansie vainiy
Sanu warUanniuents  desenilaslilmfiouusinysy uansvihuawadasdnuases
vssnyslisedungulumu (hgu A) Fslumslaameitauims dnindudnuasilusuign
museanguiiaesie aniaides Uandnnszd aniedu Uandnsialis vandadng uazdanniu
3 Falfaunmsnannguussmygslaeinonnsdsuidadaslulen (hgu B)  @eanansa
#91santaann Julastuleudnasss (2n) Us1 uarsuaulaslalsuiug (NF) Ssausas

yinAinsasuLUaedlasiulasunwansteiuld
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5.2 msanelaslulguvesUauluang

nan1sanwwasleindueslaluanenundawiulasiulauinassn  (2n) = 48  WNd
Swuuvlaslilon (NPuhiuee SnvazuesTolnimiloutufamaduazmadoszney fe
laslulguafinumiauysn 8unis fulumwunsn 16uwitkazoslasiunsn 24 wis Jgnsunslotnd
el 2n(48) = L™y + L5 + Mg +M™ 0+ M 5

Uanuduanedneglursduaneifiouisdges Cultrinae Faanuanisdnuilasiulen uazuas
lelndwosalunddesianluaiilasiulen 2n = 48 usts (Arai, 2011) :nA19197 2.1 wazeana
UanuduinisAnwivwalluusewmalnenuinvaiwautios I 2n = 48 wyia NF = 82 Usznauniey
TAsTUlgusEaluNIEUnsn 16 Wi SULNUGUNSA 18 Wikt oxlASouUnsn 4 Ui Lagwlawunsn
10 Wie (Donsakul and Magtoon, 1995) uaglutauunuind 2n = 48 WYNF =76 Usznousme
TAsTUlgusRAUNMIUNSA 14 WY FULNWGUNSA 14 WA 98lASunsn 6 Wisuaginlalgunsn
14 w4 (Donsakul and Magtoon, 2003)dl aiUSsuLisunuiUawduanedisiuiulastuley

av

donndesnielunidgesuazanaieniu wansbiiiuinny dunusmadiaunisvestailuaed
1 dyo.l a Ya v QAI [~ d" 1 1al o

goeldinslimnulnagaiulanduussnysuiiesnvatlunaduingidnulasiuley 2n =
agdeyadl Lol ldUsznaunisiiansandnvatlieglunguidedud sielun1sdndiwunnig
aunsuIsuulwaslenduazdnuiulasiuley Augiudatuliauwnned19dauisaldduwun
sinvawdulaiiasannuaiwluwpulanas ‘UmLL‘U‘Uﬂmaﬁé’ﬂwmzmaﬁmgm%mﬂéﬁEJﬂﬁaﬁ’u
waslelndnlafududeyafivsvenisauuanawesilnvanlmdusgsivazainnisdne
GTWLmﬁquai‘wudwﬁ@ﬁLmu'qagjuuﬂmSLLmusﬁ’wqé’umanﬂﬂuMuﬁﬁ55&5’1%@1%@&%@1%

a ~ A v ' oA ~ ° A aAda \

1A% 99T Rz danwazlanzuanasanlasiulgunrisd uguazianudnwizlud dliinueas
FUNFI@NU50UNUNNTIANIUN I PIEAZIINASUIARAEN1TIAVUINVIlASIULYL 20 wadun
yMdnlawnsuveslarviaiivsslevdlunmsiwszitasiulaulaasainuindudalssutisuny

AsANEINWAS o lnd

5.3 msAnwlasialguvesuarmuatiaviau
UammethamBeudisiuleslilsufnaesdvindy 48 wiv silumaduosneds wa
nsanwaulaslulsuAnassngenadeslan B. badis (Khuda-Bukhsh et al., 1995) Uan N.
nandus (Manna and Prasad, 1977; Nayak and Khuda-Bukhsh ,1987; Sharma and Tripathi,
1994 and Khuda-Bukhsh and Das, 2007 ) Uan N. oxyrhynchus (35105a] sy wazeainan
WILEBLVIBYY, 2556) Az Uan P. marginata (Nagpure et al., 2004) Faduvaluaedfientu us
nawaneeiulan B. badis (Tripathi and Das, 1988; Sharma and Tripathi, 1994) fitlsuau

laslulouAnaseawiniu 46 wis Iuwulasiulauiugiuasilidonndauanizual P. marginata
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(Nagpure et al., 2004) ‘1'7151smmfwﬁﬁ‘]’wmu‘[m‘m%ﬁugmwhﬁ’u 48 uasnsfuvanaiinoulunad
Wwenu Iaslulsuvoslanuediutsulsznaums lasiuloumlaiwuvinvunivg wlakwusn
uwenan waswlawuvinuwindn dwiavedasiileudenadosiusieauves Nagpure et al.
(2004) #idnwily P. mareinata isreeuindvialasilsndurdamlawunintome
SlasTulendulasluleuiiiAumnainund wiesondy Supernumerary chromosome lu
Wannmsiudamudoiusduiuduiinnanaslelndund enadunaiiionnaniudiues
Tnslulsuiivaneeninuasiiinisuamely (deletion) way msuaniUAsuiudiuvesiaslalewi
Lty Tasluleng uileu (translocation) wazidl 8390 Amantdiduieimelslasuifiu
(heterochromatin) 3sthazduiudmedasiileuiy Mnuinawulndoiiowladles (eus
fuRsuwr, 2546) sesunsnutlasilsludansdiifumsneeuadusnuasfunsseny
nsnuTlasluleuausnlulanidavessendlve Tnedegrsifivanusiinutlaslule o-
3 Wit fregnifivanuitasmsamudlasiuley 0-1 wis uazfegdfivanudinimszen
Lunulaslulon edenndosiusiosuues Feresti et al. (1989) fidnwiluuan Moenkhausia
sanctaefilomenae Tfiufiagnaannuiin Tiete UsuinAusi@a fisresuimuilasiuley 1-8
Wis Ana Luiza et al. (2001) AiFnwludan m. sanctaefilomenae fifushegnemnuiti Parana
Uszinaus@a fisnsarudamudlasluley 0-2 uvs waz Diogo et al. (2012) fidnwluvan M.
sanctaefilomenae ffiusogrsannuith Tiete Ussnausi@a Asresudimudlaslulesy 0-8
wils & Carvolho et al. (2008) nanidlasiuleniinuludanfieuuansedunusTudeasiuin

nuleneludifenny (intra individual viriation) wazAuazAlusRALReINY

5.4 nsfnlaslalouvasuan@ilulduauvid

Mnuansinwiassinudvarlulduavenn $ewaulasluley 2n=50 aonndesiusisany
nsnudisiusnluan@ianata1ds (Rasbora) sntiuannsienumsinuiues Post (1965) Tu
Uan@wnansslng (R trilineata) wazUan3adnavinulvg (R heteromorpha) fistearuindisiuau
Taslalaew 2n=48 Snaulaslulsaiiugiuvesdardsluliuaueaviiiu 100 denndasiuuand
woi (R.agillis) (Donsakul et al., 2009) WALANHINAINNUATFINDININTIBIUVDS Donsakul et al.
(2005) fisenudnlasTuleuiiuguwitu 86 Snftannisinuinuiwa@lulduaurni
wA3lolndUsznausae 2n (50) = LM + L5 + L% + My + MM + M %1l aidSsuiiieuiiv
3’1mwumi?iﬂmﬁmumﬂuﬂm%aﬁuﬂ Iuaqa Rasbora (Donsakul et al., 2005) WU’J"]E‘ULLUULL?]%
lolndfianuuand ey mnuuandsdenfinanuarfiuiundnweunguusssnstusuis
et 1lunssunvdalasiulouunnseiu egreiifinns@nuiluvatanad u q Tuded

Cyprinidae U n1sAnwwaslolndusslar@alulu (Danio aequipinnatus) a1nLst Assam,
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Lockchau wag Gadana Tuuszimaduiae wuinddaruiulastuleuvingu (2n=50) uaiiaslalnd
A19AUAD 14m+32sm+4a (Khuda-Bukhsh et al., 1986), 8m+42sm, 6m+34sm+6st+4t
(Sukham et al., 2013) wag 14m+11sm+15st+10t (Shanthipreya et al., 2015) d@uluiszine
InefinisAnwinaslelndluvan@luluuiu wuiuaslendusznaunie 8m+28sm+10st+at
(Magtoon and Arai, 1994) waz 8m+42sm (Seetapan and Moeikum, 2004) uaﬂﬁ]’mﬂf{l’ﬂwu
mnuuantsresgtuuuLaslelnd uadidnoulaslulsuwirduluuasdaforduifsnenuly
Usznelnedn wu Yainzifieunsie (Puntius brevis) dadiuaslolndne 2m+2sm+adsts 2t
(Piyapong, 1999), 2m+2sm+44st+2t (Donsakul and Magtoon, 2008) wag dm+4dsm+4st+38t
(Nitikulwopawong and Khrueanet, 2014) 1nn1siUeuiisunundasluleudifinis@nwniuda
luanadedunuivanussiaiouaulasiuluwiiu willsuuuulaslulafiunneneiu 3919
AAIANITITAIUINITYRIUA WU tRnn saeaduwuulYdigulnsidessiuiu (Pericentric
invertion) 1usiu vilvsuuuulaslulesunnsinsiu wagiinananimuindendiegende dsenaiin

AnuLUsHuesuIulaslulyuls (Tanomtong, 2010)

5.5 msanwlasialgnvesuar@alulduauvin

Jamdnneisulasluleuinaosdivinfy 56 wis Shuulaslulsuugusihdu 106 v
luwaguazimedes uwaslolndusenaumelasiulouviiamumiguninvuinivg 6 wis duwumn
WUNINVUIRNLAGY 6 LS DIATIIUNINVUIALINGY 2 WU LU UNGUNITAVUINNATE 10 WY FULLN
WUNIAVUIANGS 10 Ui aElATIHUNSNVUIANGNS 6 WY LUNNTUNINTUIALEN 2 W9 FULLM
LWUNSAVUIALEN 2 UVIE B IASIIUNSNVUIALEN 6 WS INLALTUNSNIUIAEA 6 WHS NUFILIUS
uesuuuruinsduninamladevedlaslulendd 2 Fadulaslulsusiaumieuninuuialng
witldnuanuuansnavedlasTulssmne fansuaslolnd el 2n (56) = L™ + LM, + L% + M™,,
+ Mo+ M3+ S™, + S + S% + St Jaguiisngaumuiusmansiwaduesuaiualulssma
Inegemadanisdouduuusssuavanun 3 wia Weun Bagarius bagarius, B. yarrelli uag B.
suchus Faduanfiogluanaiortu annsnwlaslulsuvesaudane B yarrell) lunssil
s unlasTuloufinasesivindu 56 uvs Fwaiildannisanulundeilldenadosusiou
msAnvUaudaneiineiinenumsdnuilulssmelnelag §2a3e1 SaBsiuazany (2550) e
Wisuiisunansinunfiruinuasmsanenlupdsiinuinsoulesluleufnasedviniu 56 uie
Wiy dmsunuleslileniiugiuanuanisdnuiluasedivihy 106 wanisdnwnoundiil
Wit 90 wazaiinvedlasiileuanuanisinuneuniinulasllsusdaunisundn 14 wis
Fulwmeuvan 20 uis exlasiounin 16 uvs uazmlawudn 6 i daunamsinwluadsing

1ASIUIYUYRAUNBYIUNTA 18 VI FUINWTUNIN 18 W9 9LIASIIUNTA 14 bV wazdumlasy
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UNIN 6 w9 TuN1IANYIATINUAILNUIUDT YT 01ATIULYULAT DINNB VUL VUL A UVD B3
Tastuloui 2 vShawmlades [Wulaslulvusdawnieunsnvuialng Feansieaulasiulew
vaaUa1ana Bagarius N uINgtliiaeiin1ssgaudunidesuselasiuleuiaIowaneganey
asunsAnuluasiidadunenunsfinumeisninumunusussuulasiuley
nnsil3suiisuiudruaulastuleuiidnisdnwnudaluanaifedunazdudiedng
dninpassngniiuinanUszmadsiunuinaluisdvaaisvulasiulaufinasssd 91w
laslulaunugiusasviinlasiuleuliduviniy Wesnanyiavedasiuloufisnsiud sinliduam
wruvedlasiulenidnuiuuansanu Taslaslulsusdamunigunsn Fumnsunsn uayeazlasiy
a 4o | [ 1 a a Ao
uysnilanuiuuauveslasiuleningu 2 wuu d@ulasiulsusiamlamunsndaunuiuulasiuley
WAy 1 weu Jeihbikanisdnelasiulauiaiuaansuas UaiuAsdndue ANuunisnuIuway
yaalaslulenliwiiu daidnssdulawiafeiduinuiaserainainnguussynsvesdnd
Y 1 =3 1 A= o = U 14
Magregninuanananan it lilastuleuiinisudsiula

v =
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Y
[

UM INg1Fes1vAQinysysal saunaUseavulunuidiuanueiiun dunsiuide Jandn

o =
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1. Fanaunsniuazansiall
1.1 Jangunsnl
- Jnnesrunnng 9
- agUTHNIUIReNg 9
- asgdntud
- NIBUBAAY
- ATIENTY
- ladwsudend (staining jar)
- n3EUendne (syling) kazldudnenaunsing ¢
- Automicropipette, micropipette kag pipette YUIAAN |
- vaeaisuaduun 10 waz 15 Jedans
- padled
- pzifgueanages
- usudlen
- nSestluwies
- viapAnen
- 1A BANTBIANT WATLHUNTDAMILUTY (Millipore membrane filter) 4u1A 0.2
lalasdns

- LATRITILUUATLDYR (balance)

ea

ey

WU
- ndesansIAukuuldLamSongUnsalanenn
1.2 asipdl
- Tnuna@eumaslsa (KCL)
- 1Pa%%u (colchicine)
- lWNUBa (methanol)
- 1@YUa 95 way 70 Wasi¥us (ethanol 95% wag 70%)
- NIARETRNIINVU (glacial acetic acid)
- #douue1 (Giemsa’ s stain)
- lepeulalastauansuaiun (NaHCO;)
lepeulalasiauneadnn (NaHPO,)

- uwnadeulalasaunaang (KH,PO,)
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- nsalalasmassn (HCL)
- Tadeulansenlan (NaOH)
2. NSH3ENETISAN
2.1 ns\IeN Hypotonic solution 0.075 M KCL
2.1.1 ansildiwden
1) KCl crystal
2) Yndu
2.1.2 B (USuasfiwdey 100 fadans)
Fandn KCL0.5588 ndu avanslutiindy 100 fiaddns weraundnazans
v Fuldvnl gamgiivios
yanemg: theniifengnslieu 1-2 dans
2.2 nsmsey Colchicine
- gns? 1 41 colchicines 0.005 n3u avaetIndu 10 H03ans
lamudNYY 0.5 Jadnsy/ Jadans
- gn3#l 2 9 colchicines 0.0025 Ny avanetndu 10 Tadans
Tapadudy 0.25 Aadnsy/ Jadans
- Colchicine powder Wiuliigamgdl 2-8 samiwaldea
23 NSAIYY Fixative
2.3.1 asfildn3en
1) Glacial acetic acid
2) Absolute methanol
2.3.2 Ty
19 glacial acetic acid 1 @y wauiy absolute methanol 3 @ 1Auld
a0 wilugiu (FoasFenlminnads)
2.4 M19383 Sorensen buffer
2.4.1 ansildwdey
1) Stock Solution A: 14 KH,PO, 9.1 n$a avaneynndu 1,000 faaans
2) Stock Solution B: 19 NaHPO, 9.5 n5u avaneInndu 1,000 fadans
2.4.2 Towwse
14 Stock Solution A 50.8 $iadans wauiy Stock Solution B 49.2 fiadnsu
2zl¢ Sorensen buffer (pH 6.8) 100 dJadnsu

25  Msmsguddeu Giemsa
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2.5.1 NMIA3PUINLGT 10% (10% Giemsa’s Solution)
#3191 10% LwSuu1N Giemsa’s stain Wula Stock Giemsa’s Solution
lneandd®191n Stock Giemsa’s Solution 11 5 fiadans azanglu Sorensen buffer 45 addns
2.6 nN15Ha8L Phytoheamagglutinin (PHA)
2.6.1 a3l
1) PHA Powder
2) ﬁgmél’u
2.6.2 81930
ava1une PHA #a81nau 10 dadans werlidniu Fulia 2-8 saen
LRS!
2.7 mseseuaEsazay 1N HCL
2.7.1 ansildwdeu
1) Conc. HCl
2) ¥ndu
2.7.2 By (USuasfiwSey 500 fadans)

14 Conc. HCL $1uau 43.68 fiadans waufuunay 456.32 fadans g
foe 9 3u HCL aslundy @emsseTaium HCL aduindy Wusunn uslimnse HCL adly
thndw)

2.8 MsmsBuEsazaly 1N NaOH
2.8.1 ansildwsey
1) NaOH Crystal
2) ¥ndu
2.8.2 Bwisen (USuasfiwdey 500 fadans)

Faudn NaOH 20 n¥u azaneluuindu 500 dadans (iuldvanlsd

QUMDY
2.9  M9w38N Hank’ balance salt solution (HBSS)

2.9.1 @snlamsey

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

4) 1 N NaOH

5) U1nau
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2.9.2 /W58y

(% '
o [

1) aza18 HBSS powder 1 984lu Erlenmeyer flask ﬁ'ﬁmﬂauaq 500

faddns a1ame HBSS NAneglureteanlvimuaiiuiinauaulausuing 1,000 Taddns 1wE19UkH

azananulag

2) 43 NaHCO, 0.35 n¥u azanendn NaHCO, luansazans HBSS we1au
NANAZAUUNA

3) U5U pH Iagled 1 N HCl wag 1 N NaOH aulé pH 7.1-7.3

a) Flsdaendelngld Milipore membrane fitter w1 0.2 lulAsiuns

5) uwusldrin vinae 100 $adanT (aseptic technique) Liufl 2-8 Barn
\waLF e

2.10 Mswseuasavany AgNO,
2.10.1 ansildiwdeu
1) AgNOs
2) ¥ndu
2.10.2 T5nse
1 AGNO, 5 n3a avaneman AeNO-luthndu 10 fiadans Wiullunaenild
nszatewosariudasulas UL 2-8 ssmwaldea
2.11 Msw3e Gelatin
2.11.1 ansiildwdey
1) Gelatin
2) nsanesin
3) dndu

2.11.2 w38y

1) ¥4 Gelatin 1.5 n¥u azarslutnndu 50 Tadans Nelrdunounniiies

9 U

2) Wwunsanesin 500 lulasans
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Classical Cytogenetics of Pearl Danio, Danio albolineatus
(Cyprinidae, Cypriniformes) : First Karyomorphological Report

Abstract. A cytogenetic analysis was carried out on specimens of Pearl Danio (Danio albolineatus) by
classical technique. Mitotic chromosome preparation was prepared directly from kidney cells follow by
standard protocol and stained by conventional staining and Ag-NOR banding techniques. The diploid
chromosome number (2n) of this species is 50 and the fundamental number (NF) is 100 in both male and
female. The karyotype consisted of 8 metacentric, 14 submetacentric and 28 acrocentric chromosomes
classifying as 18 large and 32 medium. No heteromorphic sex chromosome was observed in this species.
Nucleolar organizer regions (NORs) appeared in the terminal position of the long arms chromosome pair
5. The Karyotype formula of D. albolineatus is 2n (50) = L™4 + L + L% + M™4 + Mg + M %.

Keywords: Karyotype, Chromosome, Fish chromosome, D. albolineatus
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Introduction

The pearl danio (D. albolineatus) belongs to the family Cyprinidae (Cypriniformes) which, with
about 2,010 species, grouped in 210 genera, is the most speciose family among the freshwater fishes
[11]. It is located within the D. rerio species group, but it can be considered as a separate species subgroup
— the D. albolineatus species subgroup [10]. Within the D. rerio species group, the D. albolineatus
species subgroup was found to be most distantly related to D. rerio [21]. The zebrafish (D. rerio) is a
cyprinid species adopted in research as a model system for the analysis of vertebrate development [16].
D. albolineatus has seven dorsal soft rays (total) and 12-13 anal soft rays. Incomplete lateral line, without
infraorbital process; with 6-7 branched dorsal fin rays and 13-14 branched anal fin rays. Two pairs of
long barbels. Rostral barbels reaching to or slightly anterior to vertical through the middle of the orbit.
Maxillary barbels exceed the origin of pectoral fin [5]. This species has body pink with two light yellow-
white (iridescent in life) stripes from below dorsal origin to caudal base [9] (Fig. 1).

Studies of cytogenetics are important in an aquaculture context in the use of chromosome
manipulation techniques, including induction of polyploidy, gynogenesis, androgenesis, and inter- or
intra-species hybridization. For the family Cyprinidae, there were some cytogenetical studies reported
about Danio. The first report on the chromosomes of Danio species dates back to the sixties, when [15]
proposed a diploid number (2n) of 48, based on the observation of meiotic cells. A few years later the
chromosome were reported of D. rerio has 2n=>50, karyotype several independent papers such as 50 bi-
arm chromosomes [4], 10m (metacentric) + 40sm (submetacentric) [6], 10m + 12sm + 28a (acrocentric)
[17], 16m + 32sm + 2a [18], 12m + 26sm + 12a [14], 4m + 16sm + 30a [3,7], female: 7m + 7sm + 36a,
male: 6m + 8sm + 36a [19], 12m + 26sm + 12a [24], 4m + 30sm + 16a [1] and 4m + 16sm + 30a [12,
21].

This cytogenetic study, provide the very first report on chromosome standardization, including
chromosome measurements of shape and size, karyotype formulation, idiograming and chromosomal
characteristics of the nucleolar organizer regions (NORs) of D. albolineatus. Among the species of
Cyprinidae, D. albolineatus is probably the one species that has been the examined from a cytogenetic
point of view. This is why it might encourage future cytotaxonomic and cytogenetic studies on
representatives of this family, as well as in teleosts, in general and could be applied to several studies,
especially for their extinction protection.

Materials and methods
Biological Materials and Chromosome preparation

Individuals from both sexes of D. albolineatus analyzed were collected from various river
basins in Thailand (Table 1). The fish were transferred to laboratory aquaria and were kept under standard
condition to the experiments. All the experiments followed ethical protocols and anesthesia with clove
oil was used prior to sacrificing the animals to minimize suffering. Mitotic chromosomes were obtained
from cell suspensions of the anterior kidney, using the conventional air-drying method as follows [23].
The colchicine was injected into the fish’s intramuscular and/or its abdominal cavity at a dose of
0.05mL/100 g of body weight and then left for one hour. Kidney were cut into small pieces then squash
mixed with 0.075 M KCI. After discarding all large piece tissues, 8 ml of cell sediments were transferred
to a centrifuge tube and incubated for 30 minutes. The KCl was discarded from the supernatant after
centrifugation at 1,500 rpm for 8 minutes. Cells were fixed in fresh cool fixative (3 methanol: 1 glacial
acetic acid) to which up to 7 mL were gradually added before being centrifuged again at 1,500 rpm for
10 minutes, at which time the supernatant was discarded. The fixation was repeated until the supernatant
was clear and the pellet was mixed with 1 mL fixative. The mixture was dropped onto a clean and cold
slide by micropipette followed by air-drying technique.
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Giemsa’s staining, Ag—NORs banding technique and karyotype

The chromosomes were conventionally stained with 20 % Giemsa’s solution for 30 minutes
[13]. Ag-NOR banding technique was performed according to [8] by applying four drops of 50% silver
nitrate and 2% gelatin on slides. The slides were then sealed with cover glasses and incubated at 60°C
for 5 minutes. Next, the slides were soaked in distilled water until the cover glasses were separated and
allow slide to air dry at room temperature. Approximately 30 metaphase spreads per specimen were
analyzed to confirm the diploid chromosome number and karyotype structure. Metaphases were observed
under the Nikon ECLIPSE microscope and photographed with digital CCD camera (Cannon EOS 500D).
The chromosomes were measured and the centromeric index (CI) and relative length (RL) were
estimated. The metaphase figures were analyzed according to the chromosome classification of [2]. The
centromeric index (CI) between 0.500-0.599, 0.600-0.699, 0.700-0.899, and 0.900-1.000 were described
as metacentric (m), submetacentric (sm), acrocentric (a), and telocentric (t) chromosomes, respectively.
The fundamental number (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
parameters were used in karyotyping and idiograming.

Results and Discussion

The present investigation revealed that the somatic chromosome number of D. albolineatus is
2n=50. The respective fundamental number (NF) was 100 in both males and females. No cytologically
distinguishable sex chromosomes were observed in this species analyzed. The chromosome types
comprise two large metacentric, three large submetacentric, four large acrocentric, two medium
metacentric, four medium submetacentric and ten medium acrocentric chromosomes (Fig. 2A). The
average lengths of each chromosome including short and long arm length, total length, relative length,
and centromeric index were calculated and are presented in Table 2. The mean values calculated from
twenty mitotic metaphases showed the relative length of chromosomes complement ranging from
0.043%0.01 to 0.029+0.001. Ag-NOR banding result showed clearly observable nucleolar organizer
regions (NORs) were found appeared in the terminal position of the long arms chromosome pair 5 (Fig.
2B). The standard idiogram of D. albolineatus showed the gradually decreasing length and size of the
chromosomes from conventional staining and Ag-NOR banding techniques are shown in Fig. 3.

The karyotype and other chromosomal markers as revealed by Giemsa staining and Ag-NOR
banding techniques were studied in D. albolineatus. This information is the first report for the following
members of this species. Other species previously studied have a common karyotype consisting of
2n=48-50 and NF=100 (all bi-arm chromosomes). The cytogenetic features reported here for the
examined specimens of D. albolineatus revealed that the species has 2n=50 (all bi-arm chromosomes),
which is shared by most of Danio species previously analyzed, such as chromosomes [3, 4, 6, 7, 12, 14,
15,17, 18, 19, 21, 24]. The karyotype in Fig. 2 has been ordered numbering chromosomes according to
their type and length, indicating the morphological classification based on the centromere position under
the single chromosome pair, as done by [2]. The karyotype complements of D. albolineatu composed of
8m + 14sm + 28a chromosomes, there are a few differences inchromosome type for previous report (D.
rerio) shown on Table 3.

The analysis of the NORs with the Ag-NOR banding technique detected a maximum of two
Ag-positive signals in this species. In D. albolineatus, the Ag-positive signals are located along the long
arm chromosome pair 5. The objective of the Ag-NOR band technique is to determine the nucleolar
organizer region (NOR), which represents the location of genes (loci) that function in ribosome synthesis
[20]. Normally, most fishes have only one pair of small NORs on chromosomes. Only some fishes have
more than two NORs, which may be caused by the translocation between some parts of the chromosomes
that have NOR and another chromosome [20]. Our present study showed that the species we analyzed
had a NOR site on a single chromosome pair in a subtelomeric position. This chromosome study has no
heteromorphic pairs of chromosomes were observed in both sexes. It may be possible that the fish sex
chromosomes are at the initiation of differentiation, and hence these chromosomes which contain the sex
determination genes cannot be detected by cytogenetic analyses [22]. Our results providing a rich source
of information for comparative karyological analyses in Danio species and in related fish species.
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Tables

Table 1 Collection sites of the analyzed Danio albolineatus with the sample size.

Collection sites N

— Nan Basin (05 2;05 )
— Ping Basin (07 2; 08 &)
— Pa Sak Basin (10 25103
— Chao Phraya Basin (08 2; 05 )

r

Table 2 Karyomorphological details of D. albolineatus from 20 metaphases chromosome, 2n

(diploid)=50.

Chromosome Ls L1 LT CI+SD RL£SD Chromosome Chromosome
pairs (um) (um) (um)  (meanzSD) (mean+SD) size type

1 1.628 1.851 3.479  0.532+0.037 0.043+0.001 Large metacentric

2 1.576  1.879 3.455  0.544+0.030 0.043+0.000 Large metacentric

3 1.414 1.774 3.188  0.556+0.007 0.040+0.000 Medium metacentric

4 1.302 1.694 2996 0.565+0.022 0.037+0.001 Medium metacentric

5 1.295 2.955 4.250 0.695+0.003 0.053+0.002 Large submetacentric
6 1.196 2.496 3.692 0.676+0.025 0.046+0.000 Large submetacentric
7 1.222 2311 3.533  0.654+0.002 0.044+0.000 Large submetacentric
8 1.150 2.089 3.239  0.645+0.006 0.040+0.001 Medium submetacentric
9 1.049 1.940 2990 0.649+0.013 0.037+0.000 Medium submetacentric
10 0988 1.645 2.634 0.625+0.012 0.03340.001 Medium submetacentric
11 0963 1.603 2.566 0.625+0.044 0.032+0.001 Medium submetacentric
12 1.035 3.356 4.391  0.764+0.009 0.055+0.003 Large acrocentric
13 0.871 2.907 3.779  0.769+0.030 0.047+0.001 Large acrocentric
14 0.887 2.746 3.632 0.756+0.010 0.045+0.001 Large acrocentric
15 0.818 2.481 3.299 0.752+0.013 0.041+0.002 Large acrocentric
16 0.845 2367 3.212 0.737+0.014 0.040+0.002 Medium acrocentric
17 0.852 2433 3.284 0.741+£0.006 0.041+0.000 Medium acrocentric
18 0.784 2.227 3.010 0.740+0.004 0.037+0.001 Medium acrocentric
19 0.775 2.286 3.061 0.747+0.016 0.038+0.001 Medium acrocentric
20 0.788 2.002 2.789  0.718+0.010 0.035+0.001 Medium acrocentric
21 0.708 2.202 2910 0.757+0.007 0.036=+0.000 Medium acrocentric
22 0.685 2.143 2.828 0.758+0.013 0.035+0.001 Medium acrocentric
23 0.684 1924 2.608 0.738+0.004 0.032+0.000 Medium acrocentric
24 0.709 1.756 2.465 0.712+0.004 0.031+0.000 Medium acrocentric
25 0.655 1.706 2.361 0.723+0.017 0.029+0.001 Medium acrocentric

Ls, short arm chromosome; LI, length of long arm chromosome; LT, length of total chromosomes; RL,

relative length; CI, centromeric index; *NORs bearing chromosomes (satellite chromosome).
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Table 3 Review of the karotypic data of other species the genus Danio.

Species 2n NF | Karyotype formula References
Danio rerio 48 - - Post [15]
50 100 | 50m, sm, a Endo and Ingalls [4]
50 100 | 10m +40sm Fontana [6]
50 100 | 10m + 12sm +28a Rishi [17]
50 100 | 16m + 32sm + 2a Schreeb et al. [18]
50 100 | 12m +26sm + 12a Pijnacker and Ferwerda [14]
50 100 | 4m + 16sm + 30a Daga et al. [3]
50 100 | 4m + 16sm + 30a Gornung et al. [7]
50 100 | F: 7m + 7sm + 36a Sharma et al. [19]
M: 6m + 8sm + 36a
50 100 | 12m + 26sm + 12a Ueda and Naoi [24]
50 100 | 4m + 30sm + 16a or* Amores and Postlethwait [1]
100 | 4m + 20sm + 26a
50 100 | 4m + 16sm + 30a Phillips and Reed [12]
50 100 | 4m + 16sm + 30a Sola and Gornung [21]
D. albolineatus 50 100 | 8m + 14sm + 28a This study

2n, diploid chromosome; NF, fundamental number (arm of chromosome); m, metacentric; sm,
submetacentric; a, acrocentric chromosomes; *depending on the degree of chromosome condensation.

Figures captions

Fig. 1 General characteristics of the Pearl Danio (Danio albolineatus).

0.5 cm
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Fig. 2 Karyotype of D. albolineatus from conventional staining (A.) and Ag-NOR banding techniques
(B.), 2n=50, m=metacentric, sm=submetacentric and a=acrocentric chromosomes. The
nucleolar organizer regions (NORs) on chromosome pair 5.
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Fig. 3 Idiogram of D. albolineatus from conventional staining (A.) and Ag-NOR banding techniques
(B.) Arrows indicate NORs bearing.
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