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UNANED

nsAnuASsiingUszasdfiodnulaslulenveafnunthdwau 1 ana 2 e leun
Cyrtodactylus jarujini wae C. doisuthep tnausazeiaideaniday 1dun ANWNUIANTINA uae
fruntnosamn audiu nsdaneslelndvesinuntildanmsdoudlaslulsunuuaaiy
(conventional staining technique) wuindnunUrwiia C. jarujini Wag C. doisuthep H31U
Tastaloaindu 40 way 34 uvs uddu  waeiswoulaslulsufiug (Fundamental
number, NF) WU 66 wag 61 audsu naaninauenaasvedasiileuanniweas
syogyladiuiy 20 wnldluudazain  Weszyrnauasyiavesaslilay awnse
Feugaswestelndvesfinuntusasuialadu 2n (diploid) 40 = L™y + L™, + L% + M™; +
MY + S™+ S%+ S's waz 2n (diploid) 34 = L5 + L™+ L'+ M™+ MY + S+ S+ SY
puawiy  nnsfendlaslulenvesinuniidedaneslunsaiiessyiuvus  Nucleolar
Organized Regions %58 NORs uulaslulauvesdnuniilussagmmia wuidnunit 2 vila
fififuns NORs aguulaslalansiauviatu Tas €. jarujini oguuuautnsduvedlasiulenddi
13 way 14 ﬁgﬂmwmﬁuamwmﬁa du C doisuthep @QUuUmEJLLGUUGZ’JJNE%ULLaZLL?J“IJ“?J’N‘EJ’]GUEN
Tnslulenusiedl 9 waveguunmudemuesdeslulsugd 13 idluwaguasweds

n1sfnwinisnszaevesdarnuivalulasugnmalaivulasiulanvesdnunUilagly
wadla Fluorescence in situ Hybridization (FISH) Tdlnsululasiwninalast 4 Ussian 1Ju
m%wmamqﬁ’uqﬂism 1ALA mono-, di-, tri- Ly oligonucleotides atsviln laun Ay
TAys CGGyo GAA, 4aY telomeres 7ida@1sulud TTAGGG, AINE1SU WU gURUUNIg
nszanevesiiduelulasuaninalavidunnsneiu auusazaiavedlnsu udaslnsuusng
dyaa uazisuuuunsnsznevedlulasuemimalavididuefivannvany ﬁy’ﬂugmwuﬁﬁmi
azauunuinasulasdesuasmlades nszareiaiedluy vieavauunusng dugn

(Y]

nudululaslulenuiawnia anuduiusuarIiauinisvedastulauveasinundi 2 vila Tu

[y
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(conventional staining), NORs (Nucleolar Organized Regions)



(m)

Title Microsatellite DNA Dispersions on Chromosomes of Reptiles
(Cyrtodactylus jarujini and C. doisuthep) by Fluorescence in situ
Hybridization technique

Author Sumalee Phimphan

Department  Biology program, Department of Science and Technology, Phetchabun
Rajabhat University.

Date 2019

ABSTRACT

The purpose of this study is to study chromosomes of retiles that classified in
order Squamata, family Gekkonidae, 1 genus, 2 species including of Cyrtodectylus
jarujini and C. doisuthep. The common names are Jarujin bent-toed gecko and Doi
Suthep bent-toed gecko respectively. Each species have a species distribution on the
different part of Thailand. Reptile in Thailand has rich of species and widely
distribution. The karyological typing from a conventional staining technique of the
Gekkonid in this study found that C. jarujini and C. doisuthep have the diploid numbers
equal to 40 and 34 respectively. The fundamental numbers (NF) including of 66 and
61 respectively. All of dates measured from the chromosome at metaphase stage 20
pictures to describe the sizes, shapes, and numbers of chromosome. In addition, we
created the chromosome formula of the chromosome in each species showed that 2n
(diploid) 40 = L°™; + L™, + L% + M™; + MY + S™+ S%+ S's wag 2n (diploid) 34 = L™; +
L™+ L+ MM+ MY, + S0+ S+ S respectively. Moreover, we stained the chromosome
with silver nitrate to identify the NORs bearing on the chromosomes and we found
that they have different NORs positions on the chromosome of the Gekkonids.

The study of chromosome has been only studied in the level of number, shape
and sizes that karyological typing from conventional staining of chromosomes. This
study focus in the level of molecular by using FISH (Fluorescence in situ Hybridization)
technique, microsatellites probes were used to labeled form Nick translation. Here we
used 4 types of microsatellite probes compose of mono-, di-, tri- and oligotides each

probe including of A,y TA;s CGGyy GAA;, and telomere (TTAGGG,). Each probe was



)

hybridized with each chromosome of the Gekkonid chromosomes. The distribution
pattern is expected to find the relation and evolution of chromosomes. The signals
from probes showed the different pattern in each chromosome of the Gekkonids
depend on probe types. Some probe shown high distribution on centromere and
telomere regions, another bearing dispersed on whole genomes including
chromosomes, and some has strong signal on only a pair of homologous
chromosomes. The relation of microsatellite DNA on chromosomes can be the
evidence of chromosomal evolution, in this study still not has microsatellites result
information enough by limitations of short times and techniques. By the way we could
proof the hypothesis from this study to confirm the relation between Gekkonids’

chromosomes in the future study.

Keywords: FISH (Fluorescence in situ Hybridization), microsatellite DNA, momo-,di-,
tri-, oligonucleotide probes, karyotype, conventional staining, NORs

(Nucleolar Organized Regions)
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relative length (RL), centromeric index (Cl) ka¥ standart

deviation (SD) 2n(diploid) = 34
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AW 4.1
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AW 43
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AW 4.5

AW 4.6
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AW 4.9
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(%)

A15UN N

a (3

anwaurTRlUnedugineg1ves (n) AnunUangdud (C jarujini uag

(v) AnunUmesainm (C. doisuthep)
WHUALEAINSAUNURNUAUNANTIUA (C. jarujini) wagdnwnin

Aogawn (C. doisuthep) Tuusemelng
Tasluleusssiummlauazunslotndvedasiuloudnunvnnngdudmes
(C. jarujin)) S1uUlAsIUlEY 2n=34 91NNNTEDUFLUUTTTUAN
laslulsuszeviummlauazuailolndvedlasiuleudnunUinngiudine
e (C. jarujini) Inulasiulen 2n=34 910150 NFLUUTTINA
lasluleuszeviummlauazuailotndvedasiuluudnunUinesginnine
{ (C. doisuthep) S1urlaslulen 2n=34 9NN 13deuduuuiaiu
laslulsuszeviummlauazuailolndvedasiulaudnuniinesginnine
e (C. doisuthep) 3nuulasluley 2n=34 31nN15ToNELUUSTTUAT
lasluleusseviummlauazunilotndveddasiuloudnunvnnngdudmes
(C. jarujini) Iuaulasiuley 2n=40 wansiunids NOR vulaslulaguuyia
7 13 waz 14 91nn1580uALUU Ag-NORs %5 Silver staining
laslulaussazmmlasasuesiolnlvadlaslulaudnuniiargdudine
e (C. jarujini) 3uulasiulen 2n=40 wansfilnts NOR vl
TasTulonuviedt 13 wa 14 91nn13douduuu Ag-NORs wie Silver
staining
lasluleuszesiummlauazuailotndvedasiuluudnunUinesginnine
e (C. doisuthep) 3uulasluley 2n=34 Lansa1lils NOR Uu
TasTuluuianl 9 uaz 13 21nn15deuduuy Ag-NOR %38 Silver
staining
laslulaussezummlasasuasialndvadlaslulaudnundineegmnnme
We (C. doisuthep) 31unulasiulay 2n=34 Lansfilnis NOR Ul
TasTulouuniadl 9 waz 13 9nnnsdonduuu Ag-NOR 138 Silver

staining
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A15UYN N (sia)

Tastulanluszoziuniing nas1nn1s hybridization aaslnsulula
sugnalanyussinnlauluiandlelng sin Ay LEnIn1TazaLURIaIAY
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Taslulwalussozmiva ®asannns hybridization smelnsulula
sugnalariusetnnlaiandlolng afin GA s LanInSavaNYIa1ny
wadn GA vlaslalwaves (n) Fnuntharsdus (C jaryjini way ()
AnunUinegamnn (C. doisuthep)

Taslulwalussezmivla wasannis hybridization smelwsulula
sugnalanusetnnlnsionalolng win CGG,y LEnINTTALEUVDIAINY
walwlaswaninalanuulaslulauves (n) fnuntra1gaud (C jarujini)
waz () Anundinesawn (C. doisuthep)

Tasluloalusseziumivla nasainnis hybridization smelnsulule
sugnialariuseinnlasiindlolnalnsu CAG,, WanInN1SasELUDs

(C

(2
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sugnwalarusetnnladlniimalenalngu TTAGGG, wamInIsavas
Yo3dFULUATT TTAGGG U3vias telomeres uulastulesmos (n) fnun

Ur33ud (C. jarujini) wag () dnunUinesgun (C. doisuthep)
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uni 1

UNUI

1.1 fwazanuddyvasiym

fnidennaulududiu Squamata fmnuranuanevesiings dmsnseaneudiusyme
e msdunudniidosrauwdelmilunduiintusgreieiies sausdniidosnaululed
Gekkonidae @na Cyrtodactylus (Bauer waganiy 2002) Feildeansiynwilnefofnunt wad
sﬁ'amai’zgmmé’mqwﬁa bent-toed gecko 911N15815791A8 Zheng Wag Weins (2016)
Fosidosnaulu 298 Gekkonidae ﬁmmumﬂmwmwﬁmqaﬂd’] 1,078 giaialan S918910
ﬂﬁﬁuwué’mﬁgaaﬂmuiuaqa Cyrtodactylus IuﬂizLwﬁl‘maLLaz‘UizLwﬁﬁuqluqﬁﬂWﬂLaL%a
nziupaniBesld W Useinaand dunyn Veauiy (Davit kazamy 2011) n1sd1sialay Ells
uaz Puawels (2012) nudrdifnuniana Cyrtodactylus 11nnd7 20 wile n1sAnwiAfadAnw
Taslulsavesdnuntn 2 viia leun C jarujini uag C. doisuthep %9813 ansiynwilne Leun
Fnuntnangduduazfnuntinosainm muddu uazideansiyniwdangs eun Jarujin bent-
toed gecko waz Doi Suthep bent-toed gecko lag C. jarujini ﬁuWULLazéjﬂ%aIma Ulber Lag
Ay (1993) o lumnwiugdnivng¥a dadadanis dau C doisuthep Aunuuazisdolag
Kunya waganiy (2014) 2 aosgm Seninded Meaessdinfiunniansyareiusfiunndiaiy
Tunanziuoanideunile waznamidevsslsewealng auaAu

nsenulasluleuvesdnsidesraululsemalnednilwgiufnwueslelnd annisdoud
LUUR9LA Y (conventional staining) n1sAnwlastulealuseduluanavesdelidin 4y
N3 ner8unsedduivan aulavulasluleudinadves (Trifonove wazame 2011 )

LY v [

o 6 dy s . [ 1 v ¢ dy 1 ¢l 1 dy
dniideena1uluied Gekkonidae 1unguvasdniidevaaturuinlvg ddningnineglunguil
11 1000 vl dnsAunulasiuleunaludninguiindt 200 vl vieviladnisAnwilasiuley
v/ ! [ = O a 1 2/ = o ' o

w dulvgilunisfnuilaslulauwuudaudy daiunsfinedunu susivedasiuleg wagih
weslelndanmsdesduuusssum

nsanwpsstlidunisdneilastuleuvesdnuntidiuau 1 ana 2 vlia laun C jarujin waz
C. doisuthep Wuasusn Usenaulumenisanwiuaslolndarnnsdeudlasiulanwuun ey
(conventional staining) N151W1ALUS nucleolar organized region (NOR) 21nN15801A28%a
noshunse (silver staining) wazn1sAnwilaslaleuluszdvlitana dingussasAiiofny
sundsvasawuiualulasweminalaidaduasssmnenaiugnssuiaula vulaslulouves

AnunU1ie 2 ¥ila aenad1d tngldmaila Fluorescence in situ Hybridization (FISH) T¥lnsu



Uszenmlalu- lo- 1ns- way Tealndanalelng Teun Ay GAs CGGy, CAGy, Way telomeres il

o w

anuLUd TTAGGG, lulasugvimalas (Microsatellite DNA) %39 short tandem repeats (STR)

<

Jugduvasinuludluneesddiin 1n1gnIdug1u (polymorphism) T AT AT
Faud 2-7 ta Sausuansnsiueenty wariinuduuys sULuuNsnIzateveslulasuening
lavianunsavenaruduiusuasd Tannnsserinedadi@ald venantudeunsaldluniedle
daenmaiAsuntasiiAsd uneluiluniifindusewinenisiiamnsdudefnaufetlagtu

(Abdule-Muneer, 2014)

1.2 nguszaeananvadlasaniside

1. iednwnlastulenvosdnuntn 1 ana 2 viln leud Gnuntrangiud (Cyrtodactylus
kunyai) uazdnuatinesginm (C. doisuthep) ¥iunsTolndainnisdeudlaslulsuuuudafa
(conventional staining technique)

2. Weszysiumia Nucleolar Organize Region (NOR) vulasluluswasfnuntiang us
(C. kunyai) wagdinunUmeeawmn (C. doisuthep) ann1sdeulasiuleumeredaliesiumsn

3. ieAnwdwmislilasuevimalad wazgUuuunsnszevesiiduelulasusvinalasi
wulpstulanvesdnunyn Ineldvelia Fluorescence in situ Hybridization %50 FISH 34A357189

ANNFuRUSTEnielasiulouvesdnunUmng 2 vila

1.3 Ustleviiimadnezldiu

1. mwé’ﬂwmzﬁ’ﬂﬂﬁuaaim‘[uiwﬁ/ugmsuméfﬂLLm'h 2 ¥fim lawn C jarujini wag C.
doisuthep M5 1ustuvia NOR ulesTalsuvesfnuntiais 2 vin

2. ysugtiuunsnsEvestiduelulasuevinalavissquulasluleuvesinuniaaes
yiafanann aunsolinszsienuduiussevindeslulsuvesfnuntiis 2 vin anuduius
Taunisvedastuley nguuuunsnsseveslulasuainalan

3. nyudunddhilasuainalad wasguuuunisnszaievesiwelulasuenivalan v

Iﬂﬂﬂﬁzmeuaﬂéjﬂl,mﬂﬂ Inelgmatla Fluorescence in situ Hybridization

1.4 YdULIRYRIIATINISINY
= 3 dyd v d{y 6V [ J % 6
N13AN®IAT U Anwranwag i ugruveslasiuloud nundaludidy Squamata 194
Gekkonodae 31uau 1 ana 2 ¥fiabawn Cyrtodectylus jarujini Wag C. doisuthep N13AN®1
uaslolndannisdeuduuunaiu (conventional staining) NM15MELMLS nucleolar organized

regions (NORs) vulastuleuvesdinuntng 2 wia nn1sdeumedaviaslumsn (silver staining)



wazAnwisinunysvesiiouelulasugnmalaivulasiulauvesdnunUilagldinaianisdnw
lastuloyluszavluana Aewaila Fluorescence in situ Hybridization 3ainaila FISH lagly
nsuldlaswnmalandseinn Tlu-, la-, 1os waz ledlndimalelng Lo Ay GAxy CGGro CAGy,
uay telomere duivadu TTAGGG, uarinneimauduiusseninalaslulouvesfnun

Uvia 2 3ile ndyeyralnsunusng

1.5 YBULYATLELLIAN
53823A7MUN1TYINNNITY BT UTIINTANYIAAABY NUAITUS W.A. 2563 D19 Lhow

ANAL W.A. 2564



Ui 2

o/

2550UNITULAZITUIWNNYIVDY

2.1 WugAansiwad
laslulaugnAunulag Nageli lul a.a. 1842 wazgnisendlasiulauadausnlag W.

[

Waldeyer Tl a.a. 1888 aflanumungdn d@niidd (Robert, 1989) Tasluleuusnanafidday
dmfunisaneneaiusnssu iesanlaslulemduaisiugnssmio DNA Adauuusaniuy Feaz
Sautusutudedansuvaradiuutlulndauarliledq

38 euALUR RN BUUUSIFUAN (conventional staining) Wunisdendlaslulenlagldd
Giemsa’s Inedazinlaslulauiiours v‘iﬂﬁmmmﬁﬂwgﬂéwLLaza‘hmuéuaa?iQﬁ%%mlé’ (p83na0,
2554)

Colchicine WuansiafifildfunisAnuduiugmansiwadaionsnlul a.e 1950 anslaa
FFuiinaviliwaddudinisaraduloaluia Adnnuddalunsuddaslulealunsudaed
Sowadldsuasil wadimiwuvnead Svgnegiiszeruminadauiussozilasiulouinissn
safuunnian wazdulaslilesildlunsdaueilelnd

lulasuemnalasinie STR (short tandem repeats) @ oa1sULUAT T T AR ULYS
(polymorphism) WEgTALENIR A 2 B9 7 LU MNNE1IYEIENFULUER AL YD
aduvavuAeue mylnngvasulilasianmalaviamisaldlunsdnersuanuduiusuay
WanunsvesdedFiald wuluIlunddPinmlu suddduiluimeuywd

Microsatellites LuLaT esmangmisiugnssuiiannsaldlunms@nviiugmansuszins
(Population genetics) Conservation Biology wag Evolutionary Biology ULUUY84N13NT218
YDIAIRULUER LD ULB(arrays) UsznaudaedsuLuas(tandem repeats) dafiniasganuuin
wanA9AL Lok mono- di- tri uag Tetranucleotidesﬂizf\]wagﬁaﬁﬂﬁium%aﬂadﬁ%m Tnglanng
AsllFindmanguaslen microsatellites DNA figUnuunisanemeauuy Codominant daaaiu
wUs(Polymorphism) Fedimnudfglunisfnwiiugeansussansiuiivesnnuduiussening
395193 mviin dvulng)ldu non-coding regions FafurumainnanevesEtuLUAR INa 123
Gﬁuagui JUNISARLEDANINETINYR (natural selection) (Abdule-Muneer,2014) uonaNudanUTn
vinadulasuemnalavdiduieduusnadiliianisaenswa (transcription) §slansiumiiad
FaLau (Alberts, 2002)

FISH WuAsmsAnyiusmansvesadluseiuluiana Wlensaaeuiwisesdduiuai

Junrzvulasialay nnsAnwlaeldnada FISH dnunld@nwinsawsnlae Gall way Pardue



(1969) némntufinmsfudeuisnsinuidesin aunseitsldnadafiannsatanldldasdy
Ja9dunarlsid 091 FISH 7 69111910 Fluorescence in situ Hybridization YaqUuldlunns
nveseudiuvaniofuvulaslulenvesivae ieddadelsanisiusnssu (O'Connor, 2008)
wadla FISH fivdnnnsifugiu 3 Usenns Ae Denaturation Hybridization wag Visualization fie
meviliRduefidnwdsanmandiduemegidumeinor Tnserdnnuson ndurhinIsUa
DNA probes fifnaandeasizeuamigeaisaivus uazlufiduomeifeivuiuiuiiduied
Anw ileliiinnsadaiusylalanausswiavagay Sonnszuaunisiidn Hybridization Lin
2INNTLUIUATT renaturation NHUYINNTATIIAEUAYG MBI DNA probes Tnsdasniald

nNaBIansIAUNgoaLsaLYUd

2.2 WugAansianuasfnun

Shibaika wazAe (2009) Anwlaslulsuvesdniidesaaniluana Gekko In1snszanesiug
Tuwaeidoway Oceania Sawiazeinduaslelndfiunndreiu sruaulasluley 2n=38 uneialy
anadfisuanlaslulsud uana1seenly Wy G. siamensis 2n=40 G. lionotum 20=42 s
é’m’SL?:aaﬂmumﬂmﬂuﬁqaﬁdaulm,jﬁaﬁ’mau‘lﬂﬂuiw 2n=38 sgalsfinumsnuadeiiuans
TuisenuuustumsdusuiuvesiaslilyludaiGesrauana Gekko

Kawia wazamy (2009) Anw3Tauinsvedasiuleuvesdniidesaarululssindusida
(Brazilian Lizards) Iuaqa Leposoma Tmzﬁuimaqa laawaila FISH (Fluorescence in situ
Hybridization) efnwsumanladesuulastuley

Gray (1827) usstnednuniziugiu (basic character) vosdnfiiosnaiu Tursd Gekkonidae
ana Cyrtodactylus v3afnunUl

Trifonov kazAuy (2011) Anw1ITauinisvesiaslalnd Tuusiia Homologous regions
Iagldimaila Flow-sorted Chromosome-specific painting vilsinsiuainuainaduunves
Taslulon 9nnsdensaufuvediasiilen (fusion) warnsinvedlastuley (fission)

Hidetoshi wazanz (2014) Anwiunaslelndvesdniidosaaiuluaed Gekkonidae ana
Cyrtodactylus wseanafinunya 91uu 2 vila lawn C. consobrinus wag C. pubisulous WU
srunlasTulonwiniu 2n=48 uaz 2n=42 suadsu wasdmulaslulsumdludnfiosnanuii 2
giln Tudulaslulommaszuu ZW wazdnidu heteromorphic sex chromosome &suLua
GATA tetranucleotide @a3mdu Microsatellites DNA wu3ndudduiuad insazanunuy
Tastulon W adulashileume %adauimgwuiué’mﬁgaaﬂmuﬁi’wmﬂg

Ezaz uasAmy (2010) svuun1ssuunmavesdnidosnaud ey ieswindddinly

nauilfirurannuanadmunalnnisdndawuning (sex determining mechanism) Fautsoenidu



2 5gUv laun 1. TSD #50 Temperature-dependent sex determination Fadumsivuanadn
AT UAINUATuUDId 9hIna ou (environmental influence) GSD %5 ® genotypic sex

determination Faudunisimuaumaniinvuaniedevesansiugnssu (genetics factor)

2.3 mswseulasiulyy

nsfnulasluleniiionsavaeuduiu uazguivedasiulvuiiva1sds udazisazidenion
[wadszazmNG (metaphase) asaniduszesiiflashilaumaduuinfigaifugusslddaay
TunsiAufensadluszesumula 18ldanslaaddu (colchicine) Fuduansadnaniivana
Colchicum wildiit o udanisadrvanslealuia (spindle fiber) vilWiwad fidn1sudedialal

Y & a

aunsaringdsveraula (anaphase) ba 35n1swmssalasiulouwuslaidu 2 35 Ao F5laense

aada A 6 o w A

(direct chromosome preparation) 11357 idanengadluseniefimdadinsutsiunfnw
Taslalwa uwadifigounazsalinsusiegnasanan 1wy wadiindenanlunszgn (bone
marrow) 8n3% e 38lneden (indirect chromosome preparation) agidanivadiugianiesiag
annsathunzdssuemsasasadneuensiene (in vitro) Wheadiimsuveis videldans
N3EAUNTLULTAS

nsneidsamaddatddidu 2 wwu wuinidadunsmizdeasadldinaiuiy (ong
term culture) \umsiwadsnenie wu wadiamls Yen fu wadiunmizidewsiianey
wadlalusuanasi (fibroblast) 73 guuswadunnune wuufides Wumsimizidsagadld
szaznmﬁgu (short term culture) laun mamwuﬁymLsziaa‘t,ﬁmﬁamn (lymphocyte) Tagiin
Fon (whole blood) Mwadiindenvndudumadiuiviongautsiudunnsdul iiwadndu
gindnsnisuuaad (cell cycle) wuululn@a (mitosis) Tud A.a. 1949-1955 Osgood TamILN
mﬂﬁmwwzLgaqLedaél,ﬁmﬁ@mnimLﬁmmiﬂizﬁummmLedaé Ao phytohemagglutinin (PHA)
Juansuszan mitotic stimulating agent Faewdethliadidinidonvningfinssunisuus
waguuulandals szeznanly mawsidsnsad 3 5w wldiadwnnaunisanelu

v

nsanw Faduded lanasiasi madanisvide lasediawisiu Aade wazaldanetos

(%
= a

uanan PHA TlElERfudRT Audeudr desndinsdunuuarldansnszdunisulaeadifiniudn
manevila 11 pokeweed (PW) uaz concanavalin A (Con A) fianunsanszdunsuysdaves
waaladenuuiad (B-lymphocyte) 1ad wavimnzausudniduiivainnia uan1sanuilu
vauztudaiusundaslulealdldwdueunendsldldans hypotonic solution Tiuaddrevh
Teadnasiaunndy dnsnszaredavediasiulend vilfnisesatusiuiuuarsuiedaay

97U (BN AUATIUUN, 2546)



2.4 msfoudlaslulyn

nswssulasluloalnensmnzdswradifindonsn uisuvaduasnonadasuudlas
ihnsdandlesiionisnuingUseasdveans@nel (Halnan, 1989) Fadl

241  msdeudlasluleunuusTsunn

aeldddeniiAnlusiudalau (histone) vulastulen Taeddideuldldun oasdu
(orcein) A33U (carmine) Lazdue (Giemsa’s) nnlaslulguazfndnasnlieeunsauonInuIu
wazilnvodaslulonuszsasdidiniy o 1 wazersvendnvaruisediwedaslulen 1wy see
AOAT il < (primary constriction) S08ADAT 404 (secondary constrictoin) Wag wwninalan
(satellite)

2.4.2  M3YRULAVALUUAT (Q-banding)

F5ddeulasluleanlfiAnuauiin warainadudie 9 raeanueuridaslulsaly
aulanaesganssalngesisawud (fluorescence microscope) Ingldddouwiin Quinacrine
mustard yilanansadunauuanaavedlasialauynuidle

243  n3PRULOVALULT (C- banding)

umadad i ldwaudiduusiad laslulenvadaduwiy (constitutive
heterochromatin) ﬁﬂmauﬁaL“f]uac’ﬂﬁuwaﬁ'éz};ﬂﬁ'umm (highly repetitive DNA sequence) &4
1#uA Usnaueuinades (centromere) woafiouyn 4 Taslulew uonanddmufivinnuviades
(telomere) waslaTiulaguUINLYINDNAY

244  M3PpULAUALULY (G-banding)
wadadudeniliidewaulneldasieifiawsodeslusiuiiduesussnouves
Tastulay answedifidenld Ao wulwdn3udu (trypsin) wd3oudediudinmuund sevilia
wovdiduaduivnnaiesanauauiansaiulusiasuinavuuislasTuladumeiaideih
fuannitgn mmzlumadaihldie dnuvarveauauiauasi
2.4.5 nsdeauuauduuuens (R-banding)
Duwadafiouavady wazaaduiudufientunouakuui wasuauauuud uw

' [
aa

LOUFNLAATUILATITUAUBAUFLUUAY WAZLAUFLUUI AD kaUNRAFNTULAUELUURAY WazwaU

a a

= = a s
duvvIarAndaraunulunavdiuuuens

246 NMSYDULDUALUUUDS

a v

WWumadavi vinldau nucleolar organizer regions (NORs) A&ty lagn1sldy

v
a aa o (% % 6

a15ara189a19s buln e (silver nitrate) ludnddnszgndundsdrudddudmsudunsiey
ribosomal RNA ila 18s uay 28s 8¢ Ujisenisdeumedaiiesazdnmeiumumiil 1esain

a [ 1 =] IS < 1 a & =) a [ 3 = '
Ushaninaniniswansesnvesgulluegrwin wazusnaduasilusiuiluesnusenounlaly



TUsiugalaunnniusnaduvedasiulen Wsfiumaidsanlfiowavaisunzidosanagld
39 (reduce) Faneslugdlessin (ionic) vilWdanesiuasududd dmumisussanilngazny
vuUsnmsesreai 2 liwuduilmdadunsalindn q Taslulsuiiilsesroniiaasiiondy
wevivalavilasluley (satellite chromosome %5 e SAT-chromosome) @ ¢4 ulasTulay
\3oevung (marker chromosome) 1
247 msdenduulashiluusemeiagesisawuddudyleuslawdu (fluorescence in
situ hybridization %38 FISH)
waila FsH DidunedafivilfiAanadguielouilad (hybridize) szuinglngy

(probe) waz Mdueithnung (target DNA) Taognelulastulay nsudldindufidue wieens

'
=

16 uLo (DNA probe 138 RNA probe) @ sfinaain (label) aaea15.509uas (fluorocein 3o
fluorophore) finaned n1snsiadeuIbiiuEaeduuwrislastulyuivigmiiounisseuied
vulashilen Sedeusonmatia FISH Sneg1awilein “chromosome painting”

nsfeuuavdlasluluuuudng q dfvselovisaglunisduglaslulendmiiou (homologous

chromosome) 18n339aULENanwalvadlasluley Auiaunfveslasiuley weAnssuves

'
a

lasluley wazaaglunisdwundaddinlagndesdsiu n1swWisuiisunanugaanswad

Y

(comparative cytogenetics) §ududoyaniugiuiaiuisagieesuiediauinisvesddidinla

(Rooney, 2001; 8151 AUATIUUY, 2546)



uni 3

AT UIUIY

3.1 mawseulasiulonainlunszan

1. Bnansazanelaadumnudidu 0.1 me/mlL Usinas 5% vesimindvesdnifedns an
Wudnatesies Yaeednieteiald 12 alus ilelfasavanevie

2. ¥hnsmsisanndnisiegne Tasldvaedudonaasuinusessessninsiuazdin
MnurhmshdaeLegdunIEgnYieusMUInALIULAL TR TThaE s

3. dunsegrlifutudnfiaauiiiesyinld teeldnsslnsinda seriamsdunsegnieseglu
asazanelnunafounaslsdanuidudy 0.1% sunseiiansegnazarsazaneiidnuauzadig
ADAADYA

4. reansuanszninnszgnuazarsazargadluluraeagunsiliduuin 15 daddns iy
asavanelnunaidsunaolsdaududy 0.01%aunseialduSuns 7 dadans vuiiald
gumpiivieadunan 1 Halus eliwadiinnszuiunisesaluinden

5. Wl duwiesdl 3000 rpm w6 Wil mﬂﬁguamdaﬂaaaﬂ WEareintenIaad
aclUaunsuitaldu3unms 7 dadans udnhludunissiinudiseuminia nssvuguieniuil
an 2 50U

a

av v a 3 = I ) vl = v &
6. a’]imﬁumlﬂﬁqmqiﬂLG]lIu’]‘EJ'WﬁQL“Uaa LLagiﬂH'{L'}V}E‘]‘m%ﬂM -20 D3ALYALHY A 1@LUU3383

Y

bIATUUY

3.2 nswdsudladiiafnulaslulew

1. venthensswadasuudlad 1-2 nen Wadenszneldide Wevhanuazeindlas

2. thansuauwaduazinemsagasiivly indumissdennuids 3000 rpm w6 wni
nniugedlasen deduiduturensadl fudwhmanaulhdudodeatu

3. veawasasuudlan 12 vea Wissgemvensggeanunualanuszana 2 i iteld
Tnslulounsyanesiuasiiedenisine veatiensagadnuetesinds 1-2 nen

4. dlsusislnethusualadnauusonminaniingudneinumtui gungll 37 eseiwaidea

5. Udowaladliiusi a gaumgiivies Wuszezian 1-2 u wielilshilsufianunssannmeiia
thidhgnimeassudunsusely

newme: nMswssudalaniiefnuilastuleuyuSuuainisnisvesunueaunes (2554)
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3.3 n1sn1sdaudlasialay

3.3.1  N15H0ULUUSTINAN
1. widladfiriunsnenwadaslud Giemsa’s Ussanas 15-20 wndl
2. vdduiusenlaequdladadunieusAdalvhlnadunaennm Jaosdladly
WA
3. asnvaoulasiulsunelindesganssmiliuassssun ldidsvenssin 400X ile
Fumnmadlussozumma wagldmdwenssin 1000X Weosrenmlasuley sroninlastules
U 20 LN a
4. 1lusunsu Adobe Photoshop (CS3) dalastulau waviueslalnd [eoslasiulyy
PITUINIINTLIALEN TUIANEN wagrwialngiauddy nduiFedasTulouniugusnees
Taslulauanlaslulouiuuiniaunsn tastulaguuuuduianiaunsn lasiulouluuinlawunsn
waglaslulonuuueglasigunsn muaau
5. Savunvosnvunnazdwvedlaslulouudazuns lngldadesdo ruler Wsunsy
Adobe Photoshop (CS3) A adevesriie 4 antastulexluszezwmnma 20 sU lneld
TUsIATH Microsoft Excel (2010)
3.3.2 msfouuavduuuuas
Fauatanianis Howell and Black (1980) dsil
1. vepaiiuauudy 50% asuudlandidunisneasas 1-2 veaseniaven
wea
2. MUAFNTAYA18TALIDT LUATAAINUTNTY 50% BAUUNLALIARY
3. Uailuguuiloamagil 60-65°C Wuan 1-2 dalus
4. Fraladadlunvur el waiunaonnan Ydewalasliuis
3. araseulaslulounngldndesganssmilduassssun ldmdaweesm 400X il
Funigadluszozmia wazldmadaenssin 1000X Wedrenmlasluley dronmlaslulsui
U31n4) NORs FnLau
333 sumaunsin FISH
Denaturation Atdutafidne uazlnsu was Hybridization
1. Yrdlasindeul3nounth fuihoendienisusluseanesed 70% 95% waz 100%
Funouay 3wl Udewaladlfurs o gaungiivies
2. vhdladluuni gamgil 60 sarmiwaldea w1y 1 9l
3. uwrdlanlu coupling jar fiddunanves ansazaneudu 1Dl 95 fadans ua

a15arangnsnlalasAansnAINLNTL 0.2 M USUN9S 5 1aaans atnndl 37 asdwswawed (314

9 Y
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[
Y

coupling jar aslu water bath aunszial ”qmwgﬁﬁé?aqmi wiAeeiuansazanaludu) Dy
syyzlian 3 Ui

4. wiansazaneifldunauvesudueen wansazate PBS mnududu 1X unud
Udoeield 5 undl

5. neAans Post-Fixation Usunad 100 lulasans asuudlanuuin 32x60 Jaalums
mniuthusiudlaslasTulsuguithoadUariuadly udmnewriualadiuiduiulnalasiy
Ugoedial3 10 undi

6. wiudndladesn aniuhalaasusly coupling jar filansazane PBS A
WWNTU 1X U 5 U

7. fuheendemsutluneanaged 70% 95% uay 100% Yuneuay 3 unit Uses
alanlyiuia o gaumniivie

8. nupa1Tazans Formamide Usuna 100 lulasdns asuualanaung 32x60
faduns antuudualaslaslilsusuiifivaddaivacil udmmeuiudlasduitiuiuin
dlasitu uddladuusenmangamgd 80 ssrmwaidea um 3 und

9. tuiulindladesn udualadadueniuon 70% 1By -20 ssreadoariuil i
15 3 wiit mniudaheandensudluLeanssed 95% wag 100% tuneuas 3 ud Ydewdlad
Tfusks a1 grumnTivios anedidsiiiean ¥nns Denaturation Probe Taeth Tnsuu3anm 2
1ulasans nawu Denaturating solution Usunas 18 Tulasans sendsdlas Sonansuauiii
Hyb-mix TneldA3as thermocycler é}gﬂqmmﬁ 80 DaFwaLTYE U 8 Ul

10. e Hyb-mix asuugladiiuisain asuuunauifivadognuiuiu Jaseusi
Undlas Tunsddulnsuaiafiaansonis Hybridization msdaveuwiulaalansie semen
rubber

)

1. dlullugeugamad 37 ssmwaidoa Tianmstulae thaladldlundesdnii
nsvaudentn AelsTway el Probe way Aduedidnw Hybridization

anlnsudiuin uazdouaie DAPI

1. dniudedlanosnainalan waiguadlu coupling jar fiflensazans SSC M
iy 1X figaumindl 60 ssrmiwailea Tag water bath w1y 5 W17l

2. wiansavanely coupling jar Whuie uduiuansazane SSC Aandadu ax finay
Tween aaunuil 1we coupling jar IneldipSosvenans uiu 5 und

ansazaneRueanasy waunuiiseasarans PBS Anududu 1x wiu 1wl

NIDULVEN
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3. A9UeaNMIENITLTIULBANDERA 70% 95% WAy 100% Jumauay 3 W19 Uasy
alanlyiuia o gaumniivie
4. em DABI asuualanusaziiu Unsenszantaalan

5. asyaeunanglandesganssml Fluorescence

3.4 msnsadaulasluley n15iauaslalnl waznsindRlownIUNINTFIY
n1snvaeulasiulen dnviuaslelnd wasdalawnsuunnsgiu dawlaainisnisves
Turpin and Lejeune (1965)
3.4.1  msasaaulasiulay

Benwadnillasluleussezmmmansyaiedilddouriuiu dundenmiasluley
Tnelfiaudingidavets 100X ngldyadienmiinefundesqanssmi vieldndesdanea Lile
asratiusunlastulaunamaielaslulen $1uau 100 wad Audvessiuulasiuleuiiny
wnfign wdudmesiunlaslilsuinsesduesdedindy q mniuivdlaslulendimioudy
(homologous chromosome) wagAnwlaslulaulngn1sniAiAue1Ive LA ILlguT19817
(long arm; LU Ar1ueaveswyulaslalaud1edu (short arm; Ls) wazA1uIGmIALe1998s
Taslulonunagun (total length; LT, LT = LU + Ls) A1u2dA 1 relative length (RL) wag
centromeric index (C) teszyviiauastashilan uazhaildluliuszneulunmsdniueslelnd
wazdAlownsy

3.4.2 nsanviuwaslaind

To5udeflalunisdualashilsuimioudu Tngnsimuaduminsulnsflodves
Taslulguusazuyvisluigas 1nA1ANE1I90ILvUlATINLENT19817 ANAINEIIT0ILYULAT LYY
Fredu thenfildunfuameanusnvedasluleuusazuia smssaeslelnd Wisswmuany
g1aveslasiulynudazAanuniuntes snviulastuleumaaznadugaavineyuandeiaws
diosvonneauesiaslilsuusiargdnuans NeuvidlasTulsaluauinedusgduuy wwuiem
DEYAUAN
Funoumsdnvhuaslelnd

1. donwadluszezunla Afuevedaslileuliormvieduiuly Snsnszaneinly
Fowrtuiu uarifusadlaslulauldasurindusalesiilsuvesddidinsiady denmadi
wonhilngldiaudingindaveny 100X Hanu1dndWIU 20 Lwad

2. MW5udneildlunisduglastulsufimiloutu lnonsimusdumise awulnsidesues

Taslulauwsazhvisiumas 9NTUInA1ANNE1IYBILIULAS IIYUY198717 ANAILEIIVDILYU
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laslulgudedu dhalaundamaiiuevedasiulguuiazirie n5iaA1ANe19v09

lasluleuenvazliismsdnlasiuleueenunanguareniazuvs Mvuavingaulvlasiuleuynum

neunsin Wedarnueiasaudidduelasiulaufifnnuenvesuuudazdns uazaue1IN
1 Y A [ i

wislnalAgaiuanniian

3. MsMUIUMAT relative length (RL) Awanilaaingnsnadl

A1 relative length (RL) = ANeNvedlasiulyllsazuie (LT)

AugIviaviavaslastulauy e (L)

n15lUAn RL ﬁmmimhafl,umﬁugﬂﬂﬂﬂ%ﬂé’wuauﬂ’hmﬂ%’ﬂ'ﬂmmma"uaﬂﬂﬂﬂw WSE
f RL vadlaslulauudazivisazasilunn 9 wad druranuenvestaslulauazunnseiululy
\wasLAaTLaa

4. N1IATUIUNIAN centromeric index (CI) ﬁm’;mléfmﬂqmﬁqﬁ

A1 centromeric index (Cl) = ANE1IYLIULAS I TL19817 (L)

ANNEIVBILATIUlTLwAaT LS (LT)

theh Q1 Alsianssyriiavestesiuley Tneldinast fed
AN Cl 9gsening 0.500-0.599 dandulastuleyvinuniaumsn
AN Cl ag5enine 0.600-0.699 dadulastulauviindumuniaumsn
AN Cl agsewing 0.700-0.899 dandulaslulawviinerlnsiuvsn
A" Cl 8g5ening 0.900-1.000 dandulastulenafinmlawuysn
5. n1siuauInvealasiuley wuavuinveslastulaneandu 3 auin lnaninua i

Taslulaugnennandulasiulongi 1 waslaslulvugidunandulasiuleuganiing

Y 9

Iaslulguuunlng (large=L) Ao TaslulguiiinIue1INInAINATIRTNURINATIN
rnueTidevetlastuleulngjan sudulaslulaugidniian

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

Y

2

lastulguvuianans (medium=M) ae laslulgunidaimnugidseniinsanils
vosnueRtvvedlaslulvulvggn swiulastulaugdniign

MU M < LT 1a8ed?l 1 + LT indgganing

2
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Taslulguuuiaidn (small=S) Toun TaslulaunilninuetesnINASInEavas
AnugIteveslaslulaualvajan

MU S < LT deei 1

2
6. Anssauaslalnd Iseamiuaiueniveddasiuleuusaze anuinlumides sniiy
laslulguineaznaduranrneyuansdne fdeauenmneiauuodlaslulouudas gaiuaIaImm
Taslulsulaudrsduogduun urudrsentegduan uasdounuvidasTulsulimumiasy

nsilsnsanu

3.5 N15YINDALBKNTNNINTFIY

salewnsu Ao laozunsunansuailolndvedlasiulen 1 yauonassd 49Usznaudie
TasTalensrame wazlaslulomne Taglideyarindomiunveddasiuley suswedasiulsy
wazsviagulnsidles daleunsunnnaiianisdondlasiulaunwuusssunaildiwadsseziunna
wipay 20 was dndanestelnd udrinanuenveawsulasluleudiee waswaulasiuloudng
Fuvedlaslulanyngfonedides vemien davinmadalounsusisaeuiiames Tnenisi
Anadsauenveslaslulsausazguasisnsmlagldlusunsa Microsoft Excel XP/2003 14
unusis (v) Wunuemvedlaslulsuuiose uazinuueau () udduredasliulougilugiian
lygdndian snciulaslulsumedaduganving udanhuusugusrwedasiulenlagld

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



uni 4

NaN159¢

4.1 wan1sAnwin1snszaneusvasfnunliansdud (Cyrtodactylus jarujini) wasfnunda

aeeaww (Cyrtodactylus doisuthep) Tuuszwmelne

dniidosnauludfy Gekkonidae $1uau 1 ana lunisfnwiedadsuuneanifu 2 ¥in
audnuarnduguinet 18un C jarujini uay C. doisuthep nsusiazaiindidoaniiny leun
Fruntnangdud uszfnuntinesamm mudidu fnuntis 2 siadnegludiy Squamata 29d
Gekkonidae padnuuzynedugIuivet mnnisdududoyanuindnunti 2 9da fseauns
Funvluszmalnglufiuiiiuandisiu lne@nunU133us (C Jaryjing way dnwnUinagemnm
(C. doisuthep) f51e9unisaunvlunianziussnideauniauazniawile auaIsu auanslu
A9 1 é}jmmﬂﬂﬁy’a 2 ¥il TénwarsdugnAnoiunnsstuduanslunind 1

(3

M13199 1 Feyanaluvesdinunt1a1siud (C Jarujini) wag dnunUneeawim (C. doisuthep)

GHE yiadgnund
C. jarujini C. doisuthep
Foafyyanwlne AnunU19133ud (Jarujin’s Forest Gecko) AnunUineedinn (Took-kai
Doi Suthep)
%amﬁiymmé’&ﬂqw Jarujin bent-toed gecko Doi Suthep bent-toed gecko
N5IATILUN Kingdom: Animalia Kingdom: Animalia
Phylum: Chordata Phylum: Chordata
Order: Squamata Order: Squamata
Family: Gekkonidae Family: Gekkonidae
Genus: Cyytodactylus Genus: Cyytodactylus
Species: Cyytodactylus jarujini Species:

Cyytodactylus doisuthep

N15nTe18Wug lu  lwednwiugdnitig i gnen uazgdui dune aeeaivnn Tandald el
Useindlng e Jmindeniw MangTuseniduanile (Kunya Wazmuy 2014)
( Ulber, 1993)
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2

AW 1 dnwaeilumsdugiuineves (n) dnwnU1a153ud (C jarujini)

waz (1) Anundineeginn (C. doisuthep)

Thailand

) ‘
. Cyrtodactylus janjini \ Cambodia

Cyrodactylus doisuthep /
/

P.

KEDAH KEL \NTAN
/

Google PENANG TERENGGANU

a (3

AN 2 uRUTkanINsAUNUANENUIR153UA (C. jarujing) wazAnunUinegamn (C.

doisuthep) Tuuszmealne
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4.2 uamsAnensfnelaslalauvasinuniiangdud (Cyrtodactylus jarujini) wagdinunya
neeEwN (Cyrtodactylus doisuthep)
4.2.1 unslelndanlasluleudigonduuusssun (Conventional Staining Technique)
nsdaunslelndvelaslulenvesdnunt annmlashilusudisiunsdondlaslulen
LWUUSTIUAN (conventional staining) wuindnundusazyiiaidnuiulastalauwiniu 40 wag 34
W4 ANUAIRU LLazﬁﬁwuauIﬂiiuI%uﬁugﬂu (Fundamental number, NF) 171AU 66 wag 61
audfu 91nn1sTanneadsvesastuleuanamigadsseslunmas w20 wna
Tneia3asile ruler TUsuATH Adobe Photoshop (CS3) u&aduanmAsealdin Mean length
of short arm chromosome (Ls), length of long arm chromosome (L), length of total
chromosomes (LT), relative length (RL), centromeric index (Cl) iag standart deviation (SD)
dieszyrnanazgus1svestaslulen Tngldlusunsu Microsoft Excel (2010) 910 20 wmialy
uiazviln Mauandlunised 2 wae 3 awnsadougnsunslelndssyrunauazyiavedlasiulen
anunUudazviinla 2n (diploid) 40 = L™ + L™, + L' + M™; + MY + S+ S%+ S wag 2n
(diploid) 34 = L5 + L™+ L+ M™+ M, + S™p+ S+ St auandu anlaslulaulussegium
wanazueslelnduandlunnd 3-6
Fnuntrangdud (C jaryin) f9rurulaslulsuieonuaiviady 40 uis Usznaudas
laslulguuwuuunigun3nouialng YuIANA19 wagIUIALEN 318U 1, 1, 2 A AIUEIAY
lastulguuuuduiaumiguninvuinivg 31w 2 ¢ laslulsuivumlawunsnvuintng vuin
NANY WAZTWIALEN 911U 3, 4, 5 ¢ auanu wazlaslulvunuuezlasiuysnuuiadn 91w 2
A gﬂmwm@mmwmﬁa Fauandlunind 3-4
fnunthmesainm (C. doisuthep) S1uaulasluleufianuawinty 30 wis Usznaudae
laslulgauwuuunigun3nouialng YuIANAI9 KagIUIALEN T1UIU 2, 1, 4 A AIUEIAY
laslulgunuuduiaumisunsnvuin vy 31w 3 @ laslulsuuuumlauninuinalg u1e
NANY WAZIWIALEN 911U 3, 2, 1 ¢ nuaau wazlaslulunuueslaswuyisnuuindn 91uau 1

A alumagiazinade daanslunmi 5-6
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M99 2 M3InANNeIkvRTadlasiulendnunUIgiIud (C jarujini) Mean length of short

arm chromosome (Ls), length of long arm chromosome (L), length of total

chromosomes (LT), relative length (RL), centromeric index (Cl) wag standart

deviation (SD) 2n = (diploid) 40

pairs Ls LU LT Cl+SD RL+SD Size Type

1 4.690 5915 [ 10.605 | 0.557+0.012 | 0.097+0.003 Large Metacentric
2 2.641 5.986 8.627 | 0.695+0.017 | 0.078+0.002 Large submetacentric
3 2.525 5.626 8.151 0.692+0.022 | 0.074+0.001 Large submetacentric

a4 0.000 8.234 8.234 | 1.000+£0.000 | 0.075+0.002 Large telocentric
5 0.000 7.981 7.981 [ 1.000+0.000 | 0.073+0.002 Large telocentric
6 0.000 7.669 7.669 | 1.000+0.000 | 0.070+0.003 Large telocentric
7 0.000 6.410 6.410 [ 1.000+0.000 | 0.058+0.002 | Medium telocentric
2.299 3.263 5562 | 0.590+0.033 | 0.051+£0.003 | Medium metacentric
9 0.000 5.834 5.834 | 1.000+0.000 | 0.053+0.003 | Medium telocentric
10 0.000 5737 5737 | 1.000+0.000 | 0.052+0.001 | Medium telocentric
11 0.000 5.551 5,551 | 1.000+0.000 | 0.051+0.002 | Medium telocentric
12 1.425 3.014 4.439 | 0.679+0.032 | 0.041+£0.000 [ Small acrocentric
13* 1.187 2976 4.163 | 0.712+0.030 | 0.038+0.001 Small acrocentric
14* 1.591 2.306 3.898 | 0.593+0.057 | 0.036+0.002 Small metacentric
15 0.000 3.337 3.337 | 1.000+0.000 | 0.030+0.002 [ Small telocentric
16 0.000 2.967 2967 | 1.000+0.000 | 0.027+0.002 Small telocentric
17 0.000 2.836 2.836 | 1.000+0.000 | 0.026+0.002 | Small telocentric
18 1.215 1.591 2.806 [ 0.569+0.020 | 0.026+0.000 Small metacentric
19 0.000 2.367 2.367 | 1.000+0.000 | 0.022+0.002 | Small telocentric
20 0.000 2.290 2.290 | 1.000+0.000 | 0.021+0.001 Small telocentric

N8R : ¥ NORs bearing chromosomes (satellite chromosome)
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M1319% 3 nsinanueuvwvedlaslulaudnunlinesgn (C doisuthep) Mean length of short

arm chromosome (Ls), length of long arm chromosome (LU), length of total

chromosomes (LT), relative length (RL), centromeric index (Cl) wa¢ standart deviation

(SD) 2n(diploid) = 34

Pairs Ls LL LT CIxSD RL+SD Size Type
1 4395 | 7.059 | 11.454 0.616+0.016 0.104+0.002 Large Submetacentric
2 3.668 | 6.177 9.846 0.628+0.020 0.089+0.004 Large Submetacentric
3 3.321 | 5.551 8.872 0.626+0.021 0.080+0.003 Large Submetacentric
a4 3.492 | 5.078 8.570 0.593+0.013 0.077+0.003 Large Metacentric
5 3.222 | 4.768 7.991 0.598+0.020 0.072+0.004 Large Metacentric
6 0.000 | 8.227 8.227 1.000+0.000 0.075+0.004 Large Telocentric
7 0.000 | 8.035 8.035 1.000+0.000 0.073+0.002 Large Telocentric
8 0.000 | 7.951 7.951 1.000+0.000 0.072+0.003 Large Telocentric
9% 2.823 | 3911 6.735 0.579+0.032 0.061+0.003 Medium Metacentric
10 0.000 | 6.321 6.321 1.000+0.000 0.057+0.002 Medium Telocentric
11 0.000 | 5.908 5.908 1.000+0.000 0.053+0.002 Medium Telocentric
12 2.008 | 3.422 5.430 0.629+0.052 0.049+0.003 Small Acrocentric
13* 1.471 ] 2.158 3.629 0.597+0.035 0.033+0.003 Small Metacentric
14 0.000 | 3.236 3.236 1.000+0.000 0.029+0.003 Small Telocentric
15 1.336 | 1.740 3.076 0.567+0.015 0.028+0.001 Small Metacentric
16 1.160 | 1.599 2.760 0.583+0.027 0.025+0.001 Small Metacentric
17 1.067 | 1.375 2.443 0.565+0.018 0.022+0.002 Small Metacentric

N8R : * NORs bearing chromosomes (satellite chromosome)
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ns@nwlaslulesluszilinana neltinada FisH 1ilnsululasusninalavifidnaain
shoasiosuas nsuilisznoulumelnsuussiamlalu-, la-, las- uazledlniandlelng 1Ju
Lﬂ%@ﬂ%ﬂ?ﬂ%ﬂﬂﬁﬁlﬁqﬂﬁm 1WA Agg, GArs. CGGyg, CAGy, Hhaz telomere fiflgwuiuane TTAGGG,
Iinauansnsazanvesdduuaslulasusnnalavifuandatuvulaslilswvednundme 2
wiln LLazﬁg‘ULL‘U‘Uﬁ‘mmﬂwmmm%ﬁmiwauﬁiﬂumi hybridization

n1snaasdlagldlngu Ay hybridization Aulaslulanvesdnundl wudrdinsasaudinu
wadh A wnuulasTulenunsuis euulasTalsamesinuntnansdud (C. jaruing uazlasluley
vaagnunUIneeann (C. doisuthep) wivsngdaaranduuulasiulousnuiany uavaguu
fwntefiuaneaty Funaldandyaiadnsudy (strong signals) finsaataldnieldndes
JanssAungeaLsawud nelaslulouved C jarujini UsINaa1an15i3uaaadlnsuiduuy
dhutaedudu (p-arm) veslesluluugd 4 wasUaediuem (g-arm) veslaslulendii 9 uas 18
drulaslulonves C doisuthep UIN& 104N 15LT09AIYBIINTY Fuuudunaudedu (-
arm) veslaslilougi 4 sevihaeulnadlesuasmlades Aeulumadueulngifles vuuvudis
81787 (grarm) vedlasliluugi 8 sevinaeulnaidiesuazlades deulumsnumladies vu
waut19817871 (grarm) vulastaleugdl 10 mssdrmvaglnduinansulnsidles wasuunwudng
813817 (g-arm) Uﬂﬂﬂﬂ%ﬁjﬁ 14 pssduUmelnduinaeulnaded fyaralnsuiivsing

WAASLY AW 11

il 11 Tasluleulussagiunia wa991nns hybridization aaelwsululasuamnalan

Uszianlalufiimalelng aiia A, wansnsazauvasanuuan A vulasiulauves (n)

a (3

AnunUn3ud (C. jaruini) wag (v) Anunuaeeginn (C. doisuthep)
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nsnaaedlagldlngy GAs hybridization fiulastulauvesdnunin wuirdimsasauaau
wadn GA snnuulasTalsuveafnuninangdus (C. jaruini) warfnuntinesamm (C. doisuthep)
lnsUsingdyaaduvadinsudainand vulasiuleuvesdnunUlagaud (C. jarujing vuwaudng
& (p-arm) drulaneindumilades Guaaimiuiszm@'ﬁ 2 UULBUT19877 (g-arm) Aouluniaieu
Tnsufles uasuuuutedy (p-arm) drutasindumlades vedlasluleued 3 vuwoudiedy
(p-arm) dhutaneinduieulnsidfiofvedaslulongd 8 uazuunauinewn (g-arm) voslasluluug
7t 17 dulaslulauvesdnuniinesgmn (C. doisuthep) Usingdaaranduvestnsusanaiuy
WuT19817 (g-arm) ahu*dmaﬁmﬁ’um‘laLﬁaﬁ‘suaqiﬂﬂﬂezmdﬁ 2 W8y 4 WaguukIudIe (o-

arm) vedlaslulouai 14 dyaalnsununnguanddy ami 12

awd 12 Tasluleuluszesiununa ®a931nns hybridization saglnsululasugninala
Usznnladamdlalng sfin GA s wansnIsavauvasanuLuayn GA vulaslulauveg

(M) FinunU1a153ud (C jarujing uag (V) dnuntneesmn (C. doisuthep)

n1snaaedlagldlnsy CGG,, hybridization Aulaslulwuvesdnundn wudndnisasay
Srduiuadh C6G suuuuiiuandatuuulaslulanvesfnuntnangdud (C jaruin) wasfnunt
aagmn (C. doisuthep) lnedyaantuvasinsuusnguulastulouvesdnunUiangiud (C.
jarujini) USIaLUD19817 (g-arm) Asulunisaueulnsides Guaﬂﬂﬁiuiszmgjﬁ 12 uazuulay

1198173 (g-arm) duvanglnawulnsidiesvedlasiuloudi 15 dnlaslulanvasinundineeginm
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(C. doisuthep) &y aalnsuazauuINUEUIHALAEY WidUwuun1snsEatevvielasiuley

ad
Ty alnsunusnguandluning 13

il 13 lasluleulussegsiunia wasa1nns hybridization arelnsululasuemnalan
Usennlesiiandlelng afin CGG,, wanIn1savauvasainuivatulasuanimnalanuu
lastulauvas (n) AnwnU19153ud (C jarying wag (v) dnundinesginn  (C

doisuthep)

nsnaaedlagldlngy CAGy, hybridization fulaslulauvassnundi wudrusingdayao

Fuvadnsusananuilaslulsusneuviety wansmsazauvasdduluas CAG uulaslulenves
AnunUITINA (C. jaryjing wazdnundineeginn (C. doisuthep) lnglasluleuvasfnunuiang
ud (C. jarujini) U'ﬁ’]ﬂgé’fgfgflmvﬁmuuLLsuwﬁwgu (p-arm) @ulanefniumlaiiivsveslasiuly
a7 3 uazuunaudneen (gam) dulaeiatumladesveslaslulougi 14 dlaslulsuves
AnunUnmeeginn (C. doisuthep) UsINAUIaduuukuud9en3 (g-arm) suaﬂﬂ'ﬂuiszm@ﬁ 17
d

yeulnsunusinguandly nmia 14
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il 14 Tasluleulussegsiununa wa991nns hybridization aaglusululasuemnalan
Useinnlesardlalnalnsu CAG,, wansnsazauvasainuiudlalasuenmalanuu
laslulauves (n) dnund13ansdud (C jaryjing wag (v) dnundinsgainn (C

doisuthep)

nsnaasslagldlnsu TTAGGG, Tudulnsudunsiey hybridization Aulasiuleuves
anunUn wunusngdyarandureslnsusenanaauudiudatenseiunianlades ves
lastulguynnuia avulasiulauved (n) AnunUlag3ud (C jaruyind wag (1) fnunUineeginm

[

(C. doisuthep) dyanalnsuiivsinguandunmi 15
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awdl 15 Tasluleulussagiununa waea1nns hybridization aaglusululasuemnalan
Uszinnledlniamdlelnalnsu TTAGGG, WanIN1SaLauvaIa1nuLluUds TTAGGG
Ushad telomeres vulastalauvas (n) Anwnt1a15aud (C jaryjini wag (U) §AwnUl

novgwn (C. doisuthep)
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A150iNAN15IY

FnunUn9153ud (C.jaruini wagdnuniinesgum (C.doisuthep) fuailalndfiunnsis
fiu laedduau 2n(diploid) LLagijﬁiIﬁﬂiJIs?mﬁLLG]ﬂGiNﬁu laun 2n (diploid) 40 = L™, + L™, +
L'+ M™; + Ml + S™+ S+ S's wag 2n (diploid) 34 = L™ + L™+ LS+ M™+ MY + S™g+ S+
S' muaau tagdiuwnus Nucleolar Organized Regions 38 NORs uulasluleusinauieiy lng
fnunthangiud (C jarujini) suvtis NORs eguulaslaluugil 13 uag 14 dufnuniinesgmm
(C.doisuthep) fumtis NORs aguulaslulengil 9 uay 13 nmsAnwAeumntnisssLnng
Aunulaslalganalug nunUiuievila Awdun1s@neived Hidetoshi wagamy (2014) Wy
Tashlanmaludnunta 2 wile léun C consobrinus wag C. pubisulous Faudulaslulaaina
seUU ZW wazdadiu heteromorphic sex chromosome @17 ULUa GATA tetranucleotide @4
daudu Microsatellites DNA wuindudduiuaifinisazasusnuulasiuley w dadulaslale
i ustegslsfnulunsdnuassilivsngmsilastulemnaludnuniiangdud (€ jarying
wagdnunUnesginn (C.doisuthep)

sUsuumInszevasdduivatlalasusnmalarifizuuuuiunnsstuuulasiulouves
Fnunvana 2 vin Fuegfuvssaniasadavesinsuiilélunis hybridization a1nA1sAneA
Tnslalesmasfnuntiangdusd (C jaruin) wasdnuninesainm (C.doisuthep) Tuadsil wui
TasTulouvasinuatavia 2 siin orafiauduiudiu Tnsdussnygusintu dunseuiuns
Fwurnis Geluseninsilaslalenorainnisin (fission) wagnsidausau (fusion) 91013
AR inanisfne Ul alUSouiie udanalnsy Ay 7ikanesunisdduiuagn A
TasTalew wuprmiditussevindaslulonafl 14 uaz A7 13 vosfinunthangaus (C. jaruini B9
BulasTulesmnadnuuusmieunin waveslasiounin sudwiu AulasTulengd 4 vesfnun
Uneeginn (C.doisuthep) G‘hmeﬁé’aﬁymiwwLﬁi’fuuuLLéum’msmmaﬂmiuiszmvjﬁ 4 YDIANWN
Unaoggum (C.doisuthep) Sifumisasafuiuuaeiafumladoveauyuiaenfifadyna
Insuiuulestulenvosdinuntnansiud (C. jaruin) 471 14 uaz a7l 13 Jannain Taslulougd
14 uay A7 13 vesdnunthangiud (C jaruing violaslulsuvesusmnygefnuntredad Fienis
vinuazieudeiu nanoilulaslilsuai 4 vesfnuntnesgini (C doisuthep) vizelashiluumes
vssnyguinuatviail uenandudynnalngy CAG,, atfuayuarmduiussevindasTuloug
7 14 uaz @'17’{ 13 993 C. jaryini Fadulpslulaurumdnuuummnsunin waseslasiwunsn

muddiu inansinuaswesiudulastuleugi 4 vea C doisuthep
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amguilashilsuaunsafinnisinuazidensiniuld osnluanavesfiduleiile
AnnI59N (fission) U3naduUanefiiianisinenaiinUatawnden (sticky end) Feanunsaiin
n1568 ousau (fusion) AulasluleuwrsduiliAnnisnuiendu fugdunis@nwinouniiid
seunsinsasidensniuredasiilen wandlidunuduiudsenindasiilaudaimaaia
fiu Trifonov WagAny (2011) Anw1 Chromosomal rearrangements vaslaslulaudnunluseu
Tuiana ana Hemidactylus wuinusswyswvesdnilungudenaniidiu 2n(diploid) = 38 G
wirduduulasiulauvead nun wila Gekko japonicas, G. gecko, G. ulikovskii Afis1uu
2n(diploid) = 38 Aiwulutlagiu seninenszurumsiiaunnisiAanisinueslastulew (fission)
narerduussnygevesdnunluana Hemidactylus laun H. frenatus, H. platyulus waz H.

turcicus Tl 2n(diploid) = 40, 46 Wag 44 MmUAIAY
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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
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- 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
lngandienan Stock Giemsa’s Solution 111 5 {addns azanglu Sorensen buffer 45 fadans
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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5) uwusldrin vinae 100 $adanT (aseptic technique) Liufl 2-8 Barn
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2.10 Mswseuasavany AgNO,
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Abstract

Studies of chromosomes of Cyrtodactylus jarujini Ulber, 1993 and C. doisuthep Kunya et al., 2014 to com-
pare microsatellite and TTAGGG sequences by classical and molecular techniques were conducted in Thai-
land. Karyological typing from a conventional staining technique of C. jarujini and C. doisuthep showed
diploid chromosome numbers of 40 and 34 while the Fundamental Numbers (NF) were 56 in both species.
In addition, we created the chromosome formula of the chromosomes of C. jarujini showing that 2n (40) =
L+ L+ LS+ M™ + MY + 87+ 8 + S while that of C. doisuthep was 2n (34) = L™, + L™ + L', + M™,
+ M + 5", + 8 + 8. Ag-NOR staining revealed NOR-bearing chromosomes in chromosome pairs 13 and
14 in C. jarujini, and in chromosome pairs 9 and 13 in C. doisuthep. This molecular study used the FISH
2 (TA),, (CGG),, (CGG),, (GAA),, (TA) , and
TTAGGG repeats. The signals showed that the different patterns in each chromosome of the Gekkonids

technique, as well as microsatellite probes including (A)

depended on probe types. TTAGGG repeats showed high distribution on centromere and telomere regions,
while (A),, (TA),, (CGG),;, (CGG),,

including chromosomes and some had strong signals on only a pair of homologous chromosomes. These

(GAA),, and (TA) ; bearing dispersed over the whole genomes

results suggest that the genetic linkages have been highly differentiated between the two species.

Copyright Weera Thongnetr et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Bent-toed geckos (genus Cyrtodactylus Gray, 1827) in Thailand have been classified
into approximately 24 species (Chuaynkern and Chuaynkern 2012). Cyrtodactylus
Jjarujini ranges from Nong kai, Bueng Kan and Nakhon Phanom Provinces, Thailand.
More recently, Sumontha et al. (2008), found it in two caves on two sandstone hills,
Phu Sing and Phu Thok, where it remained by day on the walls and crevices and
emerged from the caves at night. Both in Phu Sing and Phu Thok, syntropy was found
with the cave-dwelling agamid Mantheyus phuwuanensis (Manthey and Nabhitabhata
1991). It has also been recorded from central and northern Laos (Stuart 1999), but
the exact identity of the Lao populations has to be re-evaluated (Fig. 1A). In contrast
C. doisuthep is known only from Doisuthep in the Doi Suthep-Pui Range, Mueang
District, Chiang Mai Province, northern Thailand (Fig. 1B).

Only 13% of gekkonid species have been karyotyped (Olmo and Signorino 2005)
and were studied with conventional cytogenetic methods, including routine staining, as
well as R-, NOR- and C-banding (Moritz 1983; Olmo and Signorino 2005; Shibaike
etal. 2009). However, a small number of species were studied by molecular cytogenetic
techniques (Kawai et al. 2009). The diploid number amongst gekkonid lizards ranges
from 2n = 28 to 46 with most of the karyotypes composed of 28-46 chromosomes
(Gorman 1973; Olmo 1986; Schmid et al. 1994). There are five karyotyped Cyrrodac-
tylus species: C. consobrinus 2n = 48, NF = 50, C. pubisulcus 2n = 42, NF = 44 (Ota et
al. 1992); C. interdigitalis 2n = 42, NF = 52 and C. kunyai 2n = 40, NF = 52 (Thong-
netr et al. 2019a); C. saiyok 2n = 42, NF = 42 (Thongnetr et al. 2019b). The typical
karyotype consists of a gradual series of telocentric chromosomes (sometimes with a
few metacentric) and there is no distinction between macro- and microchromosomes,
the centromere often being subterminal (Gorman 1973). Karyotype evolution within
the group is accompanied by fissions and fusions and pericentric inversions (Gorman
1973; Olmo and Signorino 2005). This information on chromosomes is considered
important along with other information for identification of the species (Campiranont
2003), especially the identification of related species, because of similarity of shape, ap-
pearance and other phenotypic expressions that are presumed to be associated with the
genotype. Information from sequences of DNA allows us to understand the creation of
a phylogenetic tree (dendrogram), because these characteristics often have a particular
pattern. Information on chromosomes can be used to identify the phylogenetic rela-
tionship between species and population of animals (Lauhajinda and Taksintum 2006).
Therefore, it is necessary to study the karyology of this group. In addition, geckos could
be affected by the actions of humans in their use of household objects and agricultural
chemicals. Thus, the gecko is one of the important groups of animals that can serve as a
model for studying the environmental impact from human actions in the future.
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Material and methods

The samples of C. jarujini and C. doisuthep were collected from the Phu Wua, Ban
Phaeng District, Nakhonphanom Province and Doi Suthep-Pui Range, Mueang Dis-
trict, Chiang Mai Province, Thailand, (permission from an ethical committee ID
U1-04498-2559). Chromosomes were directly prepared iz vivo (Orta et al. 1990) by
0.1% colchicine were injected into the animals’ intramuscular and abdominal cav-
ity and left for 8-10 hours. Bone marrow, liver and testis (male) were cut into small
pieces and then mixed with 0.075 M potassium chloride (KCI). After discarding all
large cell pieces, 15 ml of cell suspension was transferred to a centrifuge tube and
incubated 3040 minutes, then centrifuged at 3,000 rpm for 8 minutes. Cells were
fixed in fresh cool fixative of methanol:glacial acetic acid (3:1) and gradually made
up to 8 ml before centrifuging again at 3,000 rpm for 8 minutes, whereupon the
supernatant was discarded. Fixation was repeated until the supernatant was clear and
the pellet was mixed with 1 ml fixative. Using conventional Giemsa staining, a drop
of the mixture was added to a clean and cold slide by micropipette followed by the
air-dry technique. The slide was conventionally stained with 20% Giemsa solution
for 30 minutes (Patawang et al. 2014). Then, the slides were rinsed thoroughly with
running tap water to remove excess stain. Afterwards, the slides were allowed to air-
dry at room temperature. Ag-NOR banding was analysed following the method of
Howell and Black (1980). Two drops each of 50% silver nitrate and 2% gelatine
solutions were added to slides, respectively. Then, they were sealed with cover glasses
and incubated at 60 °C for 5-10 minutes. Afterwards, they were then soaked in
distilled water until the cover glasses were separated. Finally, the slides were allowed
to air-dry at room temperature and observed under microscope. Metaphase figures
were analysed according to the chromosome classification of Chaiyasut (1989) and
Turpin and Lejeune (1965). Chromosomes were classified as metacentric (m), sub-
metacentric (sm), acrocentric (a) and telocentric (t). The Fundamental Number (NF:
number of chromosome arms) is obtained by assigning a value of two to metacentric,
submetacentric and acrocentric chromosomes and one to acrocentric chromosomes.
The use of microsatellite probes described by Kubat et al. (2008) was followed here
with slight modifications. These sequences were directly labelled with Cy3 at the
5’-terminal during synthesis by Sigma (St. Louis, MO, USA). Fluorescence /n Situ
Hybridization (FISH) was performed under highly stringent conditions on mitotic
chromosome spreads (Pinkel et al. 1986). After denaturation of chromosomal DNA
in 70% formamide/ 2xSSC at 70 °C, spreads were incubated in 2xSSC for 4 min at
70 °C. The hybridization mixture (2.5 ng/pL probes, 2 pg/pL salmon sperm DNA,
50% deionized formamide, 10% dextran sulphate) was dropped on the slides, and
the hybridization was performed overnight at 37 °C in a moist chamber containing
2xSSC. The post hybridization wash was carried out with 1xSSC for 5 min at 65 °C.
A final wash was performed at room temperature in 4xSSCT for 5 min. Finally, the
chromosomes were counterstained with DAPI (1.2 pg/mL), mounted in antifading

solution (Vector, Burlingame, CA, USA), and analyzed in fluorescence microscope
Nikon ECLIPSE.
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Results
The diploid chromosome number and fundamental number

The diploid numbers in C. jarujini and C. doisuthep, were 40 and 34, respectively
(Fig. 1C, E), whereas NF was 56 in both species (Fig. 1G, I). The type chromo-
somes of metacentric, submetacentric, acrocentric and telocentric were 8-4-4-24
and 14-6-2-12. There are no sex-related chromosomal heteromorphisms in the two
species here studied.

The karyological characteristics

The karyotype of C. jarujini consists of two large metacentric, four large submetacen-
tric, six large telocentric, two medium metacentric, eight medium telocentric, four
small metacentric, four small acrocentric and ten small telocentric chromosomes. The
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Figure 1. The C. jarujini specimen (A), metaphase chromosome plate and karyotypes (A-=G) by con-
ventional technique, (D-H) by Ag-NOR banding technique. The C. doisuthep specimen (B), metaphase
chromosome plate and karyotypes (E-l) by conventional technique, (F-J) by Ag-NOR banding tech-
nique. Arrows indicated Ag-NORs regions. Scale Bar: 5 pm.
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+ 87+ S + S or 2n (40) = 8m + 4sm + 4a + 24t. The karyotype of C. doisuthep
comprises four large metacentric, six large submetacentric, six large telocentric, two
medium metacentric, four medium telocentric, eight small metacentric, two small ac-
rocentric and two small telocentric chromosomes. The karyotype formula for C. do-
isuthep is as follows: 2n (34) = L™, + L™ + L', + M™ +M", + §” + §* + §' or 2n (34)
=14m + 6sm + 2a + 12t.

Ag-NOR banding

This technique highlighted active NORs on pairs 13 and 14 of C. jarujini (Fig. 1D, H)
and pairs 9 and 13 of C. doisuthep (Fig. 1E J).

Microsatellite pattern

Microsatellites (A),, (TA)IS, (CAG),,, (CGG),,, (GAA),, and (TA)15 abundantly dis-
tributed in some chromosomes, usually in telomeric regions of both species studied.
FISH with the telomeric probe TTAGGG revealed hybridization signals on each tel-
omere of all chromosomes (Fig. 2).

Discussion

Karyological data of the genus Cyrtodactylus

The species in the Cyrtodactylus exhibited a variable chromosome number, ranging
from 34 to 42, however, the most frequent numbers were 40 and 42. The present study
showed that the chromosome numbers of C. jarujini and C. doisuthep were 40 and 34,
respectively. The fundamental number was 56 in both species. These results showed
difference and accordance with others Cyrtodactylus that have been reported (Table 1).
The karyological characteristics of C. jarujini and C. doisuthep obtained in the present
study are the first report of chromosome sizes and the chromosome types in these
species. In different species of Cyrtodactylus, different karyological characteristics can
be found. However, overall, of these karyotypes of C. jarujini and C. doisuthep resem-
ble those of other Cyrtodactylus species and other gekkonids, which comprised many
mono-armed (telocentric) and few bi-armed chromosomes (meta- or submetacentric).
For those gekkonid chromosomes which have been reported previously, most species
showed that the karyotype comprises of many mono-armed chromosomes and few
bi-armed chromosomes. The present results of C. jarujini and C. doisuthep agreed with
the chromosomal evolution line hypothesis within the gekkonid group (Trifonov et al.
2011). The karyotype of C. jarujini and C. doisuthep showed the gradient of most telo-
centrics, while comprising of a few bi-armed chromosomes. These features conform to
the hypothesis of re-arrangement from ancestral karyotype by Robertsonian fissions,
fusions or pericentric inversions (Gorman 1973; King 1987).
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Figure 2. Karyotypes of two geckos presenting the patterns of microsatellite (A),, (CAG),, (CGG)

(GAA),, (TA) ; and TTAGGG; C. jarujini (A=F), C. doisuthep (G=L). Scale Bars: 10 pm.
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Active NOR sites

Nucleolus organiser regions (NORs) are chromosome sites which contain the 18S and
28S ribosomal RNA genes. If these regions were active during the interphase prior to
mitosis, they can be detected by silver nitrate staining (Howell and Black 1980). In the
present study, the chromosome markers of both Cyrtodactylus are determined by using
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Table I. Karyotype reviews in the genera Cyrtodactylus, Gekko Laurenti, 1768 and Hemidactylus Gold-
fuss, 1820 (Gekkonidae, Squamata).

Species 2n NF Karyotype formula NORs Location Reference
Cyrrodactylus consobrinus 48 50 2bi-arm+46t - Malaysia Ota etal. (1992)
(Peters, 1871)

C. doisuthep Kunya et al., 2014 34 56 14m+6sm+2a+12t P9,13 Thailand Present study
C. interdigitalis Ulber, 1993 42 52 4m+2sm+4a+32t P12 Thailand  Thongnetr et al. (2019a)
C. jarujini Ulber, 1993 40 56 8m+4sm+4a+24t P13, 14 Thailand Present study
C. kunyai Pauwels et al., 2014 40 52 8m+4sm+6a+22t P12 Thailand  Thongnetr et al. (2019a)
C. pubisulcus Inger, 1958 42 44 2bi-arm+40t - Malaysia Otaetal. (1992)
C. saiyok Panitvong, 2014 42 42 42t P15  Thailand  Thongnetr et al. (2019b)
Gekko chinensis Gray 1842 40 46 6bi-armed+34uni-armed - China Lau et al. (1997)
G. gecko (Linnaeus, 1758) 38 50 12bi-armed+26uni-armed - - Cohen et al. (1967)
38 50 Lm2+Lsm4+Lt4+Mt6+Sm4+Sa2+Stl16 P4 Thailand Patawang et al. (2014)
G. hokouensis Pope, 1928 38 56 4m+6sm+20t+8bi-armed P(L)19  China Chen et al. (1986)
G. monarchus (Schlegel, 1836) 38 46 - - Malaysia Ota et al. (1990)
G. petricolus Taylor, 1962 38 54 — — — Ota (1989)
G. shibatai Toda et al., 2008 38 58 4m+8sm+18t+8bi-armed P(L)19  Japan Shibaike et al. (2009)
G. tawaensis Okada, 1956 38 58 4m+8sm+18t+8bi-armed P(L)19  Japan Shibaike et al. (2009)
G. taylori 42 - - - Thailand Ota and Nabhitabhata
Grossmann et Ulber, 1990 (1991)
G. vertebralis Toda et al., 2008 38 62 4m+14sm+14t+6bi-armed P(L)19  Japan Shibaike et al. (2009)
Hemidactylus brookii 40 44 4bi-armed+36t - - Bhatnagar (1962)
Gray, 1854
H. flaviviridis Rippell, 1835 40 60 20bi-armed+20t - - Asana and Mahabale (1941)
46 46 46t - - Makino and Momma (1949)
40 52 12bi-armed+28t - - Branch (1980)
H. frenatus Schlegel, 1836 46 46 46t - - Makino and Momma (1949)
40 54 14bi-armed+26t P3 - King (1978)
40 46 6bi-armed+34t - - Darevsky et al. (1984)
H. mabouia 42 56 14bi-armed+28t - - Becak et al. (1972)
(Moreau de Jonnés, 1818) 42 54 12bi-armed+30t - - McBee et al. (1987)

Remarks: 2n = diploid chromosome number, NORs = nucleolus organiser regions, SCR = subcentromeric regions, NF = fundamental
number (number of chromosome arms), bi-arm = bi-armed chromosome, m = metacentric, sm = submetacentric, a = acrocentric, t =
telocentric chromosome, L = large, S = small, P = chromosome pair and — = not available.

the Ag-NOR banding technique as shown in Table 1. C. jarujini had the acrocentric
chromosome pair 13 and metacentric chromosome pair 14, which were the NOR-
bearing chromosome. Pair 13 NORs were located on the short arm near the telomere
(telomeric NOR) and the pair 14 NORs were located on the short arm near the cen-
tromere (centromeric NOR). C. doisuthep had the metacentric, two chromosome pair
9 and pair 13 which were the NOR-bearing chromosomes. Pair 9 NORs were located
on the arm near the telomere (telomeric NOR) on both sides and the pair 13 NORs
were located on the arm near the telomere (telomeric NOR).

The NORs in both species of genus Cyrrodactylus exhibited at the telomeric region
on the long arm and short arm and are similar to the previous reports of the gekkonids
for the Gekkonidae family by King (1978) and Moritz and King (1985). The NORs of
Dixonius siamensis (Boulenger, 1898), G. gecko, G. hokouensis, G. shibatai, G. tawaensis,
G. vertebralis, H. frenatus and H. platyurus were found at all regions on the short arm
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Figure 3. Idiograms represent the (A),, (CAG),, (CGG),, (GAA),,, (TA) 4 and TTAGGG mapping on
the chromosomes of C. jarujini (A) and C. doisuthep (B).

and that agrees with those previous reported (Asana and Mahabale 1941; Makino and
Momma 1949; Bhatnagar 1962; Cohen et al. 1967; Becak et al. 1972; King 1978;
Branch 1980; Darevsky et al. 1984; Chen et al. 1986; McBee et al. 1987; Ota 1989;
Otaetal. 1990; Ota and Nabhitabhata 1991; Lau et al. 1997; Ota et al. 2001; Shibaike
et al. 2009; Patawang et al. 2014; Trifonov et al. 2011; Trifonov et al. 2015).

Microsatellite pattern

Microsatellites or simple sequence repeats (SSRs) are oligonucleotides of 1-6 base
pairs in length, forming excessive tandem repeats of usually 4 to 40 units (Tautz and
Renz 1984; Ellegren 2004; Chistiakov et al. 2006). They show abundant distribution
throughout eukaryotic genomes, being dispersed or clustered both in euchromatin
or heterochromatin. They are highly polymorphic regarding copy number variations
(Ellegren 2004). In our present study both species exhibited the same general hybridi-
sation pattern for some applied probes with the motif TAAGGG repeat showing abun-
dance at the telomeric ends of all chromosomes (Fig. 3), corroborating findings from
other gekko groups studied to date (Srikulnath 2015). Otherwise, the dinucleotides
(A),,s (CAG),;, (CGG),,, (GAA),, and (TA),, accumulated exclusively in telomeric
and subtelomeric chromosomal regions. However, the results clearly indicate that the
microsatellite repeats are in high copy number on some chromosome pairs, according
to previous reports on reptile groups (Pokornd et al. 2011; Matsubara et al. 2013).
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Conclusions

In this study, the comparison of the cytogenetic maps of two Cyrtodactylus species
(C. jarujini and C. doisuthep) enabled us to delineate the process of chromosomal re-
organisation in this group. This is the first report in Thailand for the study of cytoge-
netics of both species. Therefore, the cytogenetic data obtained can be used to benefit
cytotaxonomy and the study of evolution of geckos, as well as being an essential pre-
requisite for future genome projects of gecko groups.
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