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Asian muntjac or barking deer consists six known species;
Muntiacus muntjak, M. reeves, M. rooseveltorum, M. crinifrons, M. feae,
and M. atherodes. The native endangered Formosan muntjac (M. reeves
micrurus) in Taiwan is classified as one of the two subspecies of M.
reeves. In the past, there has been some documentations regarding the
morphology, ecology, behavior, habitat and captivity of this subspecies,
and yet no molecular cytogenetic study has been reported. The present
thesis research therefore is aimed to gather molecular cytogenetic data of
the Formosan muntjac. Based on the G-banding analysis, the
chromosome number of this subspescies is identified as 2 = 46 and in
genera its G-banbed karyotype is resemble to the DAPI-banded
karyotype of the other subspecies, the Chinese muntjac (M. reeves
reeves). Two satellite DNA clones designated as FM sat | and FM 1kb
were generated from PCR amplification of Formosan muntjac genomic
DNA using primer sequences obtained from Chinese muntjac satellite |
(C5) (Lin et ad. 1991) and white talled deer satellite 11 clone (OvDII)
DNA, respectively. Sequence comparison reveded that FM sat | and C5
shared 82% homology. No significant sequence homology was found
between FM 1kb and any reported cervid satellite DNA. However, very
high sequence smilarity was observed between FM 1kb and CM 1kb
(98%) (Li et a. unpublished). Southern hybridization using FM sat | as a
probe on Formosan muntjac genomic DNA digested with several
restriction endonucleases revealed prominent bandsin a 0.75- 0.8 register

confirming the nature of satellite DNA. On the other hand, irregular
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banding patterns were observed using the FM 1kb as a probe FISH study
using either FM sat | and/or FM 1kb as probes on Formosan muntjac
chromosome preparations revealed strong FM sat | hybridization signals
on the centromeric regions of al chromosomes with the exception of a
pair of chromosome 3 and the Y chromosome. Interstitial signals by FM
sat | were also observed in six pars of autosomes. Among those, two
interstitial signals were found in each chromosome of three pairs of the
largest chromosomes in the complement. One interstitial signal was found
in each chromosome in the remaining three pairs of chromosomes with
smaler size. FISH with FM 1kb probe showed hybridization signals on
centromeric regions of al chromosomes except on chromosomes 3 pairs
and the Y chromosome. Interstitial signals were similar to those seen with
FM sat |. Co-hybridization with both satellite DNA probes revealed that
dthough both satellite DNA  sequences located a  the
centromeric/pericentromeric regions, the satellite DNA FM 1kb appeared
located near the distal end of the chromosome, wheress, the FM sat | was
located more proximally. Based on the results of karyotypic anaysis,
satellite DNA sequencing and FISH signals distribution, it is reasonable
to suggest that Formosan muntjac and Chinese muntjac are closdaly

related.
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atherodes (M. reeves micrurus)
M. Reeves
G-banding
2n =46

(M. reeves reeves)

DNA 15kb
1kb FM 1 kb FM st |
DNA (C5) 829 FM1kb DNA
DNA
(CM 1 kb) (98 %)
DNA
FM 1 kb DNA

FMsatl FM 1kb

FM sat |

DNA
DNA (FM sit | )

0.75-0.8kb



FM sat |

FM sat |
1-3 intertitial (FM sat |)
intertitial (FM 1 kb)
Y
FM 1 kb
interdtitial FM sat |
FMsatl FM 1kb
FM 1 kb FM
sat |
DNA DNA

M. reeves



(Muntiacus spp.) barking deer (Cervidae)

(Wadker, 1968)
Muntiacus muntjak, M. reeves, M. rooseveltorum, M. crinifrons, M.
feae, M. atherodes (Nowak, 1991)
(Whitehead, 1972) ( 1) ( ) M. reeves
(M. reeves reeves)
(M. reeves micrurus)
(Whitehead, 1972)
( , 1989)

( , 1991)

(karyotype)

(Bengtsson, 1980)
(M. muntjak vaginals)

2n =6 2n = 7 (Wurster and



Benirschke, 1970) Black muntjac (M.

crinifrons)  Gongshan muntjac (M. gongshanensis)

2n=8 2n = 9(Shi, 1983 ; Shi and Ma, 1988)
Feas muntjac (M. feae) 2n = 14 (Soma € 4.,

1983) Fea smuntjac 2n = 15 (Soma, 1987)
(M. reeves reeves) 2n = 46 (Wurster

and Benirschke, 1967)

(Shi et d., 1980)

G-banding C-banding
(heterochromatin) NOR (nucleolar organizer
regions) Brinkley et 4.
(1984) kinetochore

highly repetitive
DNA (Bogenberger et
d., 1987) DNA
(satellite) DNA a,b gsalite DNA

major, minor-satellite DNA satellite 111,111 DNA



DNA
DNA
DNA
primate a-sequences (Maio et a., 1981)

cervid satellite DNA (Lee et d., 1997)

(Fry and Salser, 1977; Lima-de-Faria
et d., 1984; Arnason, 1987; Dod et a., 1989)
DNA copy humber DNA
(Fanning et d., 1988; Modi e d., 1988; Hamilton
et d., 1990; Wichman et d., 1991; Wijers et d., 1993; Modi, 1993)
centromeric satellite DNA

sadlitel (), 0 ( ) WM( )

satellite | Leeetd.
(1997) 10 17  centromeric satellite DNA
satellite |
satellite | DNA 31 bp
31 bp (hierarchical

structure) 0.8 kb



plesiometacarpalia
1kb telemetacarpalia
high order structure

Qureshi and Blake (1995)

(white tailed deer) satellite DNA
0.7 kb satellite Il DNA
satellite Il DNA (OvDII) Li et al. (2000
a) (caribou) OvDlIlI saellite 11 DNA

satellite Il satellite | DNA
satellite DNA
200 ym ( 2x10° kb DNA)

Li et al. (2000 b) satellite DNA

(interstitial hybridization signals)

2n=70
cervid satellite [11 DNA (roeder) DNA
(Buntjer et al., 1998) cervid satellite [11 DNA roe
deer (Capreolus capreolus) PCR cloning

(Chinese water deer) DNA satellite



1l DNA (Li et d., unpublished) DNA

DNA
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— (Primary culture of

fibroblasts)

( x X 0.2 )

[DMEM (Dulbecco's M odified
Eagle Medium) (Gibco/BRL) + 10 % antibiotic-antimycotic
(penicillin-streptomycin- amphotericin) (Gibco/BRL)] 3
(DMEM + 1 %
antibiotic-antimycotic) 4°C 24
1 % antibiotic-antimycotic = DMEM 1-2
0.1-0.2ml
(DMEM + 15 % fetal bovine serum + 1 % penicillin-streptomycin-

neomycin + 1 % glutamine) (Gibco/BRL) T-25
5% CO, 37°C
2mi (

) 3ml 5ml
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10 % glycerol

A (In- Situ culture method)
T-25 05 ml
(0.05 % trypsin-EDTA) (Gibco/BRL) 15 ml
1000 rpm 10 0.3-05 ml
35mm 22X22 mm
1-1.5ml
( ) 20 colcemid (0.1 pg/ml)
(Gibco/BRL) G-banding
(Karyotype)
Harvest
15 ml (00375 M 0.28 % KCI) (partia
hypotonic solution) 5
1.5 ml (full hypotonic
solution) 12 1.5ml

(methanol aceticacid =3 1) (partid fixative solution)
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15ml (full fixative solution) 10

dide making
hot plate 50-55°C
tissue paper
( )
didewarmer 56-60°C 24-48 hrs (RH)

95°C 30-45 min (30 min for 50 % RH, 40 min for 60 % RH,

45 min for 75 % RH)

G-banding

0.3 % Wright' s stock 0.3 g Wright's (Sigma) 100 mi
methanol (Merck)
(125 mm) Gurr buffer (pH = 7.0,
BDH) 1L ddH,O trypsn-EDTA (0.05 %) Wright's dye
working solution (1 ml Wright's stock + 4 ml Gurr buffer)
Wright's dye working solution 5min
2-25 ml aged (95°C 30-45 min)

trypsin-EDTA (0.05 %) (in situ culture method

13



60 sec suspension trypsin
10-15 ) trypsin

Wright's dye working solution 60-80 sec

C-banding

2X SSC[0.3M (17.53g/L)NaCl  0.03M (8.82g/L)

sodium citrate] 60°C 5% Ba(OH), (2.5
g Barium hydroxide 50 ml ddH,O )
50°C aged
0.2N HCI
ddHO 5 % Ba(OH), 50
°C 10 ddH,O
[ Ba(OH), ] 2X SSC
60°C ddH,O
Wright's dye working solution 10-15 (

Dracopoli et al., 2001)
NOR-stain
( aged ) 2% (W)

gdatin (1 m formic acid + 2 g gdlatin + 99 ml ddH,O
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) 50 % dlver nitrate solution (5 g
crysdline slver nitrate 10 ml ddH,O 4°C

) 3% (viv) aceticacid (3ml  acetic acid 97 ml

ddH,0) 3 2 % gdatin 4 50 % dslver nitrate
solution 65°C  didewarmer 2-4 (

) 3% acdticacid

ddH,O Wright's

dye (working solution) 30 (

) (Dracopoli et al., 2001)

B T-25 flask
flask 7 8 2 3
Colcemid (0.1 pg/ml) flask 15ml

Iml 0.05% trypsin-EDTA

15 ml 1000 rpm 10 0.1~0.2
mi 6 ml (0.075 M
0.56 % KCl) 10 1000 rpm
10 6 mi
10

-20°C
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T-25 flask 15 ml

HBSS (Hanks' Balanced Salt Solution) (Gibco/BRL)

flask 051 ml 0.25 %
trypsin (Gibco/BRL)  flask 37 °C 5% CO,
5-10 trypsinization 15ml
flask trypsin
1000 rpm
pellet
10 % glycerol 20 % feta bovine serum @ ml

glycerol + 2 ml fetal bovine serum + 7 ml DMEM)

Cryogenic vias (Nagene cryoware) -80°C

37°C
15 ml 3m 10%

1000 rpm 10 35 ml
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(10 % fetal bovine serum + 1 % glutamine + 1 %
penicillin-streptomycin-neomycin) T-25 flask

37°C 5%CO;

DNA

T-25 1 ml 1IX DPBS (Dulbecc's

phosphate Buffered Saline) (Hyclone) 1 ml Lyss

buffer (20 mM Tris HCL pH 8.0, 1200 mM NaCl, 100 mM EDTA pH 8.0,

1% SDS) 10 pl proteinase K (20 mg/ml) 5l trypsin (2ug/ml)
37°C flask 15 mi

1mliddH,O 20l 5M NaCl

phenol/chloroform (1:1) DNA 1/20
( DNA ) 8MNH,OAc 2-25 95 %
DNA
DNA yellow tip 1.5ml 70 %

TE buffer (10 mM Tris—HCI pH 8.0, 1 mM
EDTA pH8.0) DNA DNA
-20°Cor -80°C 3 4500

rom 4°C 30 min DNA pelet 70 %
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TE buffer

PCR DNA
25 ul genomic DNA template 00 ng 200 nM
DNA (primer) [ (sat)l DNA
sat | DNA Cg (forward: 5-ACC AGA AACAGCTTC

GTG-3 reverse: 5-GGT TAT ATT CTC GAG TTA ACG-3)

sat || DNA ODl|I (forward:
5-GAG CTG CCT GAC AGA CTC G3 reverse 5-CAG AGC CGA
CCT AGGATCAC-3)] 200 uM dNTPs 1.5 mM MgCl, 1X Taq buffer
(10 mM Tris-HCI pH 9.0 50 mM KCI 0.1% Triton X-100) 2.5 units
Tag DNA polymerase (Promega) parafin ol Perkin
Elmer 2400 DNA

[ (94°C5min. 94°C30sec. 44°C30sec. 72°C 1min. 30 cycles

72°C10min.) satll (94°C5min. 94°C30sec. 50°C30sc. 72°C

1 min.30cycles 72°C 10 min.) 1-1.5% (agarosegd) 1X
TAE buffer PCR DNA ethidium bromide
DNA ( 256 nm)

satellitel 1l PCR (Gel Extraction Kit /150,GIAEX
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I, Qiagen) DNA

DNA (insert) pPpGEM-T easy vector (Promega)
51 T4 DNA ligase (Promega) 4°C
(ligation) 1 ul XL1-Blue competent cells
0.2cm  pulser’™ cuvette BIO-RAD
Gene pulser 200 OHMS 25V 25 UFD
Ccuvette Gene pulser chamber pulse ( 47
) Cuvette 800 pl 10 mM

MgCL 20 mM glucose LB
37°C 200 rpm 50 pl
100 pl 150 pl 200 pl 70 pl

X-Gal (20 mg/ml) 20 l isopropyl-b-D-thiogalactopyranoside (PTG)

(20%) 90 mm LB agar plate (  ampicillin 1001 g/ml) 37°C
16 ( ) 2 mi
LB ( ampicillin 2001 g/ml) 37°C 200 rpm
34 ( ) 1.5mi (

4°C ) DNA
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DNA

7 ml
LB (Ampicilin 100 ig/ml) (QlAprep
Spin Miniprep Kit, Qiagen) DNA DNA
15 % glycerol/85 % LB/Ap
-80°C
Competent cells
7 ul XL1-Blue (15 % glycerol stock) 7 mi LB
37°C 200 rpm 200 pl
10ml LB 37°C 34 1 ml ODgyo
0.50.6 15
4°C 4500 rpm 10
12 1/5 ddH.,O 4500 rpm 4°C
10 ddH0
1/20 20 % glycerol (glyceral
10 %) 60 Wl competent cell 1.5ml
-80°C



DNA (DNA sequencing)

500ng satellite DNA (sat-1 0.6 kb, 1.5kb; sat 1 kb) 10
pmole M13(M13 forward, reverse ) dideoxy chain
termination kit (United States Biochemical) Perkin-

Elmer ABI DNA sequencer (mode 377)

Southern blot analysis
genomic DNA 21 ug  ddH,O 20 ng/pl
500 pl 3ug genomic DNA (150 pl)
(ApaE, BamHE EcoRE NcoE PstE Pvu
I1) (New England BioLab) 150 U 10X 50ul (
) 5y BSA (10 mg/ml)
parafin oil
16 oil
chloroform  phenol/chloroform (1:1)  chloroform
13000 rpm 10 1/10 3M
NaOAc 0.7-0.8 2-propanoal DNA 70 %
DNA 15 pl TE buffer (pH 8.0)

0.8% 30 4 45
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3 ethidium bromide 100

10
marker 0.25 N HCI
2.5 DNA (depurination) 05 N
NaOH/1.5 M NaCl 15 DNA 0.5
M Tris (pH 8.0)/2.5 M NaCl 15 20X
SSC DNA nylon membrane (Biodyne)

UV-256 nm (0.150 Jcn) membrane DNA
membrane cross-link 6X SSC membrane
membrane sonicated salmon sperm DNA (100 pg/mi)
pre-hybridization (5M NaCl 500 mM EDTA 1M Tris-HCI pH 8.0
50X Denhardt'ssolution 10 % SDS yeast RNA 100 pg/ml sonicated
salmon testis DNA) 56°C DNA
probe satellite DNA clone ( sat 1.5kb

sat 1kb CM 0.7) Nick trandation system kit (Gibco/BRL)

a-*P-dCTP (Iable) 1 m  Sephadex G-50
colume Colume

1ml 0.2cm (siliconized glass
wood) TE buffer (pH 8.0) Sephadex G50



1ml (Himaccentrifuge, Hitachi) 1000
rpm 30 0.91 ml Sephadex G50
column Nick trandation  probe column
1000 rpm 1 ( ) 95°C
5 prehybridization
solution 56°C 16-20
wash solution (0.1X
SSC/0.4% SDS) 50°C
membrane wash solution
50 °C 510
2-5 cps (counts per second) /

10 membrane 3MM

X-ray film (BIOMAX-MS, Kodark)

(Fluorescence in-situ hybridization) (Li et

al., 2000)
Chromosome preparation

-20 °C
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) T-25 flask
harvesting 2-3 colcemid (0.1
ug/mi 37°C 5% CO, colcemid
(0.05 % trypsn-EDTA) 0.5 ml
15 ml 1000 rpm
pellet 10 m (0.075
M KCl 0.56 %) 2-3  fix
solution (Methanol : Acetic acid = 3:1)
1000 rpm pellet
fix solution 10 ml
1000 rpm
fix solution

-20°C 16 (

DNA probelabeling by nick trandation

DNA
DNA [sat | DNA (1.5 kb) sat DNA 1 kb] st |
DNA (C5; Linet ., 1991) sat 11 DNA (0.7Kb)

nick trandation biotin digoxigenin

24



DNA

500 ng reagents
10x NT buffer 25u
dNTPmix (0.5mM A, C, G) 1.9 ul
biotin-16-dUTP* 0.7 W
DNase | (diluted) 1.0
DNA polymerase | (SU/W) 0.5 ul
* nucleotides (e.g., DIG-11-dUTP) 5:1dNTP
SC (T)-2 sample cooler (Boeco) 15°C 75 DNA
200 bp-600 bp 1/10 DNA 05M EDTA
DNA 65°C 10
1/10 DNA 3M NaOAC (pH 5.2) 25
95 %-100 % ethanol -20°C
DNA ( 6 ) 13000 rpm 4°C
10 70 % ethanol DNA pdlet

13000 rpm 10
DNA pellet 40-50°C  heat block DNA
pellet 15ul  Huorescence in-gitu hybridization

(FISH)buffer
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Solution

10X NT buffer:

1 M TrisHCI (pH 7.5)

500 pl (C;= 0.5 M)

1 M MgSO, 100 W (C; = 0.1 M)
IMDTT 1 (C=1mM)
BSA 50 Yl (C; =0.5 mg/ml)
Sterile ddH,O 349 ul

Totd 1ml

FISH hybridization buffer:

Deaonized formamide

250 ml (C; = 56%)

50 % dextran sulphate 10.0ml (C; = 11 %)
20X SSC 50ml (C; =2 %)
0.5M NaHPO, 2.3 ml (C;=0.03M)
0.5M NaH,PO, 1.7 ml (C; = 0.02M)
50 X Denhardt's solution 10ml (C;="1x)
Totd 45.0 ml

dNTP mix (0.5mM A, C, G):

100 mM dATP 25U (C;=05mM)
100 mM dCTP 25l (C; =05 mM)
100 mM dGTP 25ul (C; =05 mM)
1M Tris-HCI 2500 W (C;=05M)
Sterile ddH,O 242.5

Total 500.0

DNase | (Sgma):

DNase (10 U/ul) 1l
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Sterile ddH,O 999 ul
Totdl 1ml
5:1 dNTP mix:

100 mM dATP (C; = 0.5 mM)
100 mM dCTP (C; = 0.5 mM)
100 mM dGTP (C; = 0.5 mM)
100 mM dTTP (C; = 0.5 mM)
M Tris-HCI (PH 7.5)

25 (C; = 05 mM)
25 (C; = 05 mM)
25 (C; = 05 mM)
25 (C; = 05 mM)
250.0 W (C; = 0.5 M)

Sterile ddH,O 242.0 W

Totd 500.0 p
3 M sodium acetate (pH 5.2):

Sodium acetates 3H,O 40.8 ¢

ddH,O 80.0 mi

Adjust pH to 5.2 with glacia acetic acid and then adjust the final

volume to 100 ml.

Autoclave and store at room temperature for up to 6 months.

0.5M EDTA:

disodium ethylene-
diaminetetraacetates 2H,0O
ddH,0O

18619

80.00 mi

Stir vigoroudy with a magnetic stirrer and adjust pH to 8.0 with ~2

g of NaOH pellets.

(Note: EDTA will not dissolve completely until pH ~ 8.0)
Add H,0 to adjust the final volume to 100 ml.
Autoclave and store at room temperature for up to 6 months.



Probe hybridization
60-65 °C  dide warmer

3 2
-20 °C 70 % ethanol 95 % ethanol
95 % ethanol 2
ar dry 1 15l FSH hybridization
buffer ( ) 75°C  water bath 10
35

rubber cement

probe/dlide 75°C dide warmer 2 ( )
140 mm
dide parafilm
37°C 16
Solution
20X SSC:
NaCl 17539
Sodium citrate 88.29
ddH,O 800.0 ml

Adjust pH to 7.0 with afew drops of 10N NaOH.
Add enough ddH,O to adjust final volumeto 1 L.

Autoclave and store at room temperature.
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Signal detection

FISH wash solution (50 % formamide/2X SSC) 2X
SSC 45°C 4AXT (4X SSC/0.05 % Tween 20)
37°C

FISH wash solution 5 (

1-2 ) FISH wash solution

5 2X SSC 5 ( )

4XT solution 37°C 20
AXT anti-dig-FITC-
AXT (1:200)  cy3-avidin AXT (1:400) AXT

100 pl
humid chamber 37°C 30
AXT

37°C 37°C AXT

3 5

(100 pl/dlide) 10 yl DAPI-containing
Vectashield mounting solution 24x50 mm
2 DAPI mounting

solution



-20°C
cooled charge-coupled device (CCD)
(Photometrics KAF 1400) MacProbe

v4.0 (Perceptive Scientific Instruments)

Solution

2X SSC:

20X SSC 100 ml

Total 1000 mi

AXT:

20X SSC 200 ml (C; = 4X)
ddH,O 800 ml (C; = 0.005 %)
Tween 20 500 pl

Total 1L

Store all solutions (2X SSC, 4XT) at room tempture for up to 1 month.

FISH wash solution:

Formamide 50 ml (C; = 50 %)
20X SSC 10 ml (C; = 2X)
ddH,O 40 ml

Total 100 ml

Store at 4° C and protected from light for up to 3 months.
FISH wash solution can be reused up to 5 times and then discarded.



20  G-band metaphase spreads

2n =46
Yang et d.(1995) DAPI (Idiogram)
telocentric/acrocentric (sex
chromosome) X chromosome telocentric Y chromosome
acrocentric/submetacentric
X Y
G-banding
G-banding ( )
Idiogram
G-banding ( ) constitutive heterochromatin banding
(C-banding) centromeric heterochromatin
heterochromatin Y
telocentric ( ) heterochromatin

1-3

X heterochromatin
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NOR (Nucleolar Organizer Region) (

ribosoma RNA )
secondary constriction NOR NOR
()
DNA
| DNA (C5) (primer)
PCR DNA
1391 bp GCcontent  52.7 % 82 %

| DNA clone (C5) (Linetd., 1991) ( )

| DNA (FM sat 1) white tailed deer

[1 DNA (OvDII) primer DNA

1kb DNA 1103 bp GC content
43.6 %

(Li et a., unpublished)
DNA(CM 1 kb) (98

%) 1kb DNA DNA (FM 1 kb)
( ) DNA clones

(FMsal FM 1kb) DNA
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| DNA (FM s 1)

DNA (FM 1kb) (Apa |1, Bam HI,
Eco RI, Nco I, Pst 1, Pwu I1) DNA
FM sat | DNA

(Bam HI, ECORI, Pst1  Pwu Il)

0.75-0.8 kb
A FM sat | DNA
FM 1 kb DNA
B 1l DNA
Il DNA (CM 0.7) (Li et 4.,
unpublished) ¥p DNA
Il DNA
Il DNA (CM 0.7)
0.75kb Apal,Ncol Pwull

I DNA

(CM 0.7)



( © Il DNA (CM 0.7)

DNA
(Apa I, Bam HI, Eco RI,
Nco |, Pst I, Pvu 1) DNA
IDNA (C5 (  A) CM 1kb (Li et a, unpublished) (
B) IIDNA(CM07)(  C) p

DNA

DNA
1. sat | sat ||
sat | DNA sa || DNA

biotin st | DNA (FM sat 1) (

avidin ) digoxigenin  sat I DNA (CM 0.7) (

anti-digoxigenin )

( ) sl 3
Y 1 2

3 interstitial



interstitial sat
1 DNA Y
sat || DNA
X
sat || DNA sat | DNA
(sat |-sat 11-telomere)
2.FMsatl FM 1kb
biotin  sat | DNA (FM sat |) digoxigenin
sat DNA (FM 1kb) (
) sat DNA FM sat |
3 Y
FM 1kb 3 Y
FM 1kb FM 1kb
interdtitial FM sat |



(Nowak et d., 1991 Whitehead,.

1993 Donetd., 1993)

(morphology) (paleontology) (ecology)
G-banding DAPI banding
G-banding
band DAPI band

DAPI positive band band  G-banding

band G-banding

C-banding

NOR C-band pattern NOR
(Shi et d., 1980)
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DNA

sadlite] DNA (FM sat 1) satellite | DNA
(C5 DNA 82 %
sadlitel
DNA DNA high order organization
concerted evolution (Dover, 1986)  monomer 95 %
(Leeet a., 1997) DNA
82 %
sat | DNA sat
| DNA (Li et a., 2000b)
satdlite DNA FISH
sadlitell
DNA satdlite Il DNA

st 11 DNA (CM 0.7)

st 11 DNA (Li

et al., 2000b)

FM 1kb DNA

FM 1 kb DNA clone (OvDII)
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PCR

FM 1kb

FM 1kb DNA

DNA

DNA

DNA

satellite DNA

DNA

interstitia

kb

fiber FISH

FM 1 kb

DNA

DNA

DNA cervid satdlite I, 11 [l
1 kb satellite DNA

FM1kb FMsatl

FM 1
FM sat | DNA
DNA (copy number)

FM 1kb FM sat |

(Li et dl., 20008)
Il DNA (CM 0.7)

(OvDII) sat DNA



1kb

FM 1kb

interstitia

1 DNA

FM 1 kb

DNA

|1 DNA

1

FM

DNA
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MUNTJAC. Muntiacus muntjak

1. M. m. vaginalis
2. M. m. aureus
3. M. m. malabaricus
4. M. m. arandicornis
5. M. m. curvostylis
6. M. m. annamensis
7. M. m. niaripes
8. M. m. peninsulae
9. M. m. robinsoni
10. M. m. rubidus
11. M. m. pleiharicus
12. M. m. montanus
13. M. m. bancanus
14. M. m. muntijak
15. M. m. nainggolani

FEA SMUNTJAC. Muntiacusfeae

16. Muntiacus feae

ROOSEVELT’' SMUNTJAC. Muntiacus rooseveltorum
17. M. rooseveltorum

ROOSEVELT’ SMUNTJAK. Muntiacus reevesi

18. M. r. reevesi

19. M. r. micrurus

BLACK MUNTJAK. Muntiacuscrinifrons

20. M. crinifrons

Whitehead G. K. 1972, Deger of the world
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Northern Indiato south-west China
Peninsular India

Southern Indiaand Cevlon
Burma

Thailand

Indo-China

Vietnam and Hainan Island
Malava

Rhio-Linga archipelago
North Borneo

South Borneo

Sumatra

Billiton and Bankaisland
Java and South Sumatra
Bali and Lombok island

Tenasserim and Thailand

Indo-China

South-east China
Formosa

East China



Cervid satdllite | variants described previousy

_ Sadlite
Species Reference
DNA
Muntjac Muntiacus muntjak MMVsalA Bogenberger et d. (1982)
Bogenberger et d. (1985)
Bogenberger et d. (1987)
MMVsatlB  Bogenberger et d. (1982)
Yuetd. (1986)
Benedum et d. (1986)
Muntiacusreeves reeves C5 Lineta. (1991)
Roe deer Capreolus capreolus CCsatl Scherthan (1991)
Red deer Cervus elaphus Ce-Pstl Leeand Lin (1996)
Reindeer Rangifer tarandus Rt-Pst3 Leeet d. (1994)
Moose Alces alces AaMsp Blakeet d. (1997)
Leeetd. (1997)
White tailed Odocoileus virginianus Ov-Msp Leeetd. (1997)
deer
Mule deer Odocoileus hemionus Oh-Msp Leeetd. (1997)
Falow deer Dama dama Dd-Pstl Leeetd. (1997)

Buntjer et d. (1998)

a4



Cervid satdlite 11 variants described previoudy

Satellite

Species DNA Reference
Whitetailed deer  Odocoileus virginianus OvDlI Qureshi and Blake (1995)
Indian Muntjac Muntiacus muntjak vaginalis Mmv-0.7  Li, et d. (2000)

Caribou Rangifer tarandus caribou Rt-0.5 Li, et d. (2000)
Rt-0.7 Li, et d. (2000)

Cervid satdllite 111 variants described previoudy

Species Sadlite DNA Reference
Roe deer Capreolus capreolus CCasatlll Buntjer et a. (1998)
Water deer Hydropotesinermis HI- 111 Li et d. (unpublished)
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10 20 30 40 50 60 70

AGTCCGGAAEMI'CCTGCA GT EA CTTGA GT(EAAGCT GGAT ?TCATCTCA CEAGATGAAGGEATGTCTGAAE 70

C5 ct--a-tg-...--t . a. a 64
80 90 100 110 120 130 140
CCCCTGGGG@(/BIGCACTAGA EAATGCCCTAECA CA CTGCC%TTTCTCGA CE GTCGGCCTCECATCCATTCE 140
C5 a a t-c-----t-a--a--g--g------------ a---- 134
150 160 170 180 190 200
FM-sat-1
ACAGCTCGAGAGG. AACACGEAGTTCAATGQT GCCAAAGGEGAAGATGCC? GACTCCTCT EGAAAATGGA 209
C5 -0 o) t c 204
210 220 230 240 250 260 270
EAGGAATCCC%GGATCCAAG? GGCAACAGGEACGGGAACC? GGGTCTTCAECCTCACCTC EAGAGGAGT 278
c ta----taa------- gtc--------- tt----a-tt- 274
280 290 300 310 320 330 340

T%CTATGGACd TCAAGCCGEGAGGAGACT EOCGAGGGGT %CCTCGCAAA%TAGACAGGA ET CCTGACG 348
C5 C C smmm——- &--C..~@-=-m=mmmmmnn- c 341
350 360 370 380 390 400 410

T%GCTGAACAC?:ZCC GTGTAT EGAAGGGCCAF CCCCGACGTQACTCGAGAA?ATACCCCAGET TCCCTC 417

C5 C----.-t tegt a-a.----- g- 407
420 430 440 450 460 470 480
CT EAACTCGAGASQAAAACCATGQGACTCCCGCETCGCCGCGA EATTAAGCCT EATTCCCCT(EACTGCGA 487
C5 B -Q---t----ac a a-g---C a-at 475
490 500 510 520 530 540 550

GCEAAGAAATAC% GTGCTCCCCET AAAACC. GAEAGGAGCCTTEA TTTTCTTGQT GGCACTCCEGAGAA 555

C5 ---g--C---tgc---t----aa-C-----CQ-----a----------- ~C-----...-—-ac----. 540
560 570 580 590 600 610 620
FM-sat-1
AGTCQAGGAACACT ETCTCAAGTA?AGAGGGATCET GAGCTCAC? GCAGGAACCEGAAAGAGCT ECGTGT 625
¢ -C-g--Cg-.--C--.-C-tgt------- a-ag-----t--tc--------- C----t----- 601
630 640 650 660 670 680 690
FM-sat- \8
ACCCECAATCATCT GAGGTGAGA ECGGATTTAC? GGCTTCAAAqI CAAGAGGAA? GCCAACTGT QCA CAA 695
C5 -ttt-a--a-t------- C---=-- at----- C a 671
700 710 720 730 740 750 760
FM-sat-1
GCAC%ACAAGAGGA EGCCTCTCGCE GCTGTACGT QTGGGAGAAGEACGTTGAAT q TATGGCTTCEACTGG 765
C5 t C---tt--g---g--------- oc---c----g--- 741
77 780 790 @
FM-sat-I  AAT CCCCGAGAQ GCCCTGACT GAAATCAGG%CGGAATTCT 809
0L T a 783
| DNA (FM sat 1) | DNA (C5)
(92p)



10 20 30 40 50 60

Fé\i-mt-lkb
GAGCTGCCT GACAGACTCGEGAAAGTTGA CTGATTTCCT GGGTTAAGAGCCAATTTTTAR 60
CM-sat-1kb 60
70 80 0 100 110 120
FM-sai-1kb AGTTTCAAGRCAAAGAAAAT TCCTACTGGAAGGTTGATAT TAGGTGATTOGGTGAGGTAT
120
CM-sat-1kb a 120
130 140 150 1 170 . 180
FM-sat-1kb CATAGGGTGI TTACTGGAGT GGGCATCCT T GCCTGGTAGEGAGTCAGGAAGCTCATTACE
180
CM-sat-1kb 180
190 200 210 220 230 240
GFé\_/Ir-sﬂ-lkb
GATGATCAGETGCTTTTGGCAACGGTTGCAAAGGGGGCOCAGTCCGATTCACAGGTGACE 240
CM-sat-1kb a . C— 239
250 260 270 2 200 _ 300
FM-sat-1kb TTGGTTCTARGGCCCACTTCTATGGCCTTEGTGTGA GGACTCCCAGTTGT GROCTTGREE
300
CM-sat-1kb 299
310 320 330 340 35 360
FM-sat-1kb
AAGGAGTCACCTCAACAAGACTGACCCTCLTTCAGAGTARAAGTTCCAT CAAGTTTTCCE 360
CM-st-1Kb t- 358
370 380 390 400 410 420
FM-sat-1kb
TGCAGGAGAGATCTAGTGAT CCTAGATCT BTTTGGAAAAGTCTTGGACACTGCAGGGACA 420
CM-sat-1kb 419
430 440 450 46 470, 480
FM-sai-1kb CATACTGAGT GTGAAACTACATATTGAACCTTGTTGGCARAACTCACCT TTTCTCTCTGT
480
CM-sat-1kb t- 479
490 500 510 5 530 _ 540
FM-sat-1kb TGGCATTAAAAGGGTGTGGCECTGACAGCT ACCTGAGAAT CCATNCAATTCACAATTTCCT
540
CM-sat-1kb c - 538
550 560 570 58 590 _ 600
FM-sat-1kb ATTTACAACATTAATGAAT TTGGTCAAAT TATTTCTATTTCTATGCAAACAGGCANCTTE
600
CM-sat-1Kb  ~-ecememeev Breeengmae. 9 & 596
610 620 630 64 650 _ 660
FM-sai-1kb CAACAACCT T GTGGCATGAT CATTTCCAATAGATTGTCAACTAATCAAGETACCAACCT T
660
CM-sat-1kb  ----- . g c-a- 655
670 680 690 70 710
FM-sat-1kb ATGACACTTAACACATTTAGATATAATTTCCTAAGCCTTTT.CTTGAGGGACAGACOCAA
719
CM-sat-1kb c t a 715
720 730 740 750 760 770
FM-sat-1kb
T ATGAGCTAGEAATGTGTTONAAAGGCTCAGAAAGTGCAGRAAAATACACT GGCTATGAC 779
CM-sat-1kb 9 a 775
80 790 800 810 82 830
FM-sai-1kb T GGAAATTAGEGTCTCTGTCCAAACCAGGA GTTCTGACAT CITACAATCTAGACAGTTCC
839
CM-sat-1kb t 835
40 850 860 870 88 890
FM-sat-1kb T GATAGACAGATGCATGAAARACACTCTACT TTTATGTTTITCTTTCATOWAAGGAACAT
899
CM-sat-1kb 895
00 910 920 930 94% 950
FM-sat-1kb @GATTTCCTAECATTCTGT&GCTCAGAGT ACTCACTGCT CTAAAATGCTTGCTTGGAC
959
CM-sat-1kb 9 955
ge0 970 980 9 1000 1010
FM-sat-1kb TTCATTTTTCAGTAAGAACT T CCCCTGACT GTGTTACAGT CAGGACGGTAICACACTCAC
1019
CM-sat-1kb 1015
1020 1030 1040 1050 1060 1070
FM-sat-1kb
AGGGAAAAAGCAAACTAACAT CCAAACGTTT GTTCCATCAGGTTTTCTCT GTAGGAGAGA 1079
CM-sit-1kb --a 1075

1080 1090 1100
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FM-sai-1kb T CCAGTGATATAGGTCGGCTCTG 1103
OM -5t -1KD  ~-cmsemmmrmmmememememe 1099

1kb DNA (FM 1kb) 1kb DNA (CM
1 kb)



st )

| DNA

3.00—
225—
1.50—
0.75—
| DNA
DNA Apal, Bam HI, Eco RI, Nco |, Pst |, Pvu I
NC filter 32p | DNA (FM

BamHI, EcoRI, Pst1  Pvull

0.75-0.8 kb
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2036—
1636 —

1018 —

506-517T—

B 1 kb DNA Apa |,
BamHI, Eco RI, Nco |, Pst I, Pvu Il DNA
NC filter 2p FM 1 kb DNA

1 kb DNA
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C Il DNA (CM 0.7)

(Apal, BamHI, Eco RI, Nco |, Pst I, Pvu
1) NC filter 32p CM-0.7 DNA
Apal, Ncol Pvull [ DNA

0.75kb



3.00—

25—

1.50—

0.75—

A | DNA
Apa |, BamHI, EcoRI, Nco I, Pst I, Pvu Il
NC filter 2p C5
BamHI, EcoRI, Pst|  Pvull | DNA

0.75-08 kb



8144——

6108 —
5090 —

4072 —

3054 —

2036—

1636 —— ’

1018 —
-
506-517— .

B 1 kb DNA Apa |,
BamHlI, Eco RI, Nco |, Pst I, Pvu i DNA
NC filter 2p CM 1 kb DNA
1 kb DNA



Kb

225—

C Il DNA
(Apal, BamHI, Eco RI, Nco I, Pst I, Pvu Il)
NC filter 32p CM-0.7 DNA

Apal, Nco | Pvull 1 DNA 0.75 kb



ad metaphase IDNA (FM satl)  biotin Il DNA

(CM0.7)  digoxigenin €)
| DNA (FM st 1) (o) I
DNA (CM 0.7) ©) IDNA (FM satl)  biotin(
) IIDNA (CM 0.7)  digoxigenin( )

(d) DAPI G-banding
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ad metaphase | DNA (FM sat 1) biotin 1kb
DNA (FM 1 kb) digoxigenin

(@ | DNA (FM sat ) (b)
1 kb DNA (FM 1 kb) (© | DNA (FM st 1)
biotin( ) 1 kb DNA (FM 1 kb) digoxigenin( )

(d) DAPI G-banding
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