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An Improved Method for Isolation of Microsatellite DNA and Application In

Red Panda ( Ailurus fulgens )
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Ahstract; Microsatellite loci have become one of the most popular molecular markers used in many genetics fields. However, it
is crucial that polymorphic microsatellite loci need 1o e selected or isolated for the studied species at first. The task of microsatel-
lite isclation can be quite involving in terms of effort and time because 1t traditionally consists of screening genomic libraries with
appropriate probes. The number of positive clones thal can be obtained by means of this traditional method usually ranges from
14% to less than 0.04% . Several new protocols, based on the “enrichment™ protacol, have appeared in the last few years, which
can increase the number of positive clone, but the high cost and complexily counteract their applicability, Thus, we proposed an
economical and easy protocel, which was a combination and amelioration of different methads, based on “biotin ligated primer”,
“enrichment” and “PCR Screening” protocols. The main step involves: 1) Isolation and Digestion of the Genomic DNA, 2) En-
richment using the “biotin ligated primer”, 3) Clone and Lib construction, 4)  “PCH Screening™, and 5) Primer design and
Variability test. Using this new method, we have isolated and characterized 10 polymorphic {CA )n microsatellite loci in red panda
{ Ailurus fidgens), and these loci of high variability and stability will be useful in population genetic studies of red panda.
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FIE e dric

SR T & KR e, sk o al LLRE
MR T RN S . RER R P REALER
THERIEHEBW, BIHEMERESE H5EE
B 0.04% ~ 14% A F (Toth et al., 2000), 3 H
MR AN IR S EFNDM (ERES
) EF. BRNMESENAER, madratiEn
EMRZEEN, MRFMENEHEHLEES, B4
X ARET RS (—RSTF 7)) Wwalkligs]
WIFHIZ5 R (Benatchez and Duchesne, 2000), {HR
IR EHANETHIEBLEANED, &
ETEMANSEEMERRREZ S, L, Fl
A BREE M T RO SR R R R R
H4E R (Cooper et al., 1997), N TRETEM T
EALAMBE, BILEREMEE BRI T 2R
ik, KA “BEE" MPEFHEA, KKER
THEEM T B SRR E (Kandpal er of., 1994),
{HR BT TR AEE . i R S E AL
EAHRE, HMHBATE. 4SS TILARE
WOEMAHEARBEHER P, BT g
MBI By ¥, PR RS (Ailurus ful-
gens) W ERFE LB TR AT,

1 #MEEF®

1.1 ##

7 RU/NEERE IR SR B A IRBFAE SR,
TEMILENGE - 0CHEAE (Gustafson et al.,
1987). 8 H/NRER A PYRE R R B )1 4 B 4 2
BrEshriE, - 20°CHRTE; 11 RUNRES ) 2 SR
R B AR A EER TR Bk (5 ok
IPRAEE, 1PFRAER), HRRT,

1.2 ik
1.2.1 H:F4 DNA B9

BTG R R H 40 DNA 3958 F % 40 8y— 38 0 3
2 (Sambrook e af., 1989), FFA—~MEHE
A DNA fE AR, Ha DNABGA TSR
1.2.2 FFZH DNA B

A 2~3U Mob 1 if§{b il 42 H4H DNA
#3 pg, IICHRBIE. KRS, ]S R
YA DNA Maker 7€ 1 % BiHE M GERO M T DO
BN B R A B RS B . R AifbidN &
(Promega) &fi{LF 2 BB = LL 2B Mob T,
50 gl ddH, 0 % DNA,

1.2.3 B&
1.2.3.1 HE#E Linker F13:H A DNA BEHIT=H)

200 ng DNA F B INA2 pgi X linker /73, #
T4 Tag R EHPHE _E %, Linker 3% ¥8 Hamilton
(1999) B 7 & FH SAULA (5° - GCGGTACC-
CGGGAAGCTTGG - 3°) Fl SAUIB (5° - GAICC-
CAAGCTTCCCGGGTACCGC - 37) &,
1.2.3.2 EEFYD 1

{81F SAULA 2 SAULB #E 4514, Linker FIEH
1 DNA Rl = e R BEA TP 18, RN R
#: 10 x Buffer 5 pd, 4 pd dNTP (10 mM), 4 1 MgCl
(0nM), Tag B (TKaRa -7, 5U/pd) 1.25ul,
SAULA E{ SAUIB (10mM) 2, BSA (10 mg/ml)
0.5, 1~5 B4 DNA, A ddH,0 ¥R IR R Fh
B0 . EF KM H: 2T Sming SCHEHDs,
67CIEK30 s, T2CEEM2 min, 35 TIEFG 2CHF
5 min, FEHENEARAWEXTE, KPR A#EK
DNA, HERFHE, PCR ZMEEEIS WA
7 1% SRR BRG]

1.2.4 KB
BB 4 PCR P47 2 % B iR R e ik, 0

© T 400 ~ 1000 bp Y B, AT B B i R &

(Promega) [EW DNA, 50 gl ddH,0 % ( Kandpal
et al., 1994),

1.2.5  (CA)n BEFFIFIEEE

1.2.5.1 PCR P4 549 Fmomi R R

# PCR =N ALS mlE .08, BER%10 minld
A, ZEEEKESE, AS e A T AEY
F R DR 5 - biotin — ATAGAATAT {CA) s -
3" (Kandpal e al., 1994), HNBEBMAR MK E
500 plo 7E SOCFRIGEDN 5~ 18 hie3L,
1.2.5.2 HAERRMRSE

(1) ¥ 50 mg =¥ E WM (Vecex-Avidin)
TIALS mEL.CEF, FMAS ml Buffer A (150 mM
NaCl, 100 mM Tns, pH 7.5), % iR #R % 30 min,
3000 r/minfg.0>2 min, F_ &, 10 ml Buffer A &
BEME R K (Hammond et ol ., 1998),

(2) EMEBKFIFBPIMAZZ =Y. %18
BEB130~40 min, B -HFEFEE. 3000 o/minf
02 min, /GIFEER, FRBEIED.
1.2.5.3 PEHE (CAn EHERF4

(1) 4 ml 0.1 x Buffer A R ILIEY, 55C
30 min, BLHF BF, BIDA4m ddH,0 EETT
BE, 65°C 30 min, 65°C & TH 4 Tm 10C, £ B45
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BENH DNA MY ERMA P&, HEHSE

YERHFIG S (Hammond et al., 1998),

(2) 12000 g&.L5mn, BE EFEREHH
2.0 mE O, ¥ LEWES A (Promeea) .
FRS50 pl ddH,0 7.

(3) THEE DNA 4T PCRY™IE, RRIAEN:
10 x Buffer 5 pl, 4 pl dNTP (10 mM ), 4 ] MgCl,
(20 mM), Tagq B8 (TaKaRa 24 5], SU/pl) 1.25 ul,
SAULA % SAULB (10 mM) 2 pl, BSA (10 mg/ml)
0.5 pl, 1~5 plEH DNA, fFH ddH,0 ¥ RAE SR
FESO pl, MEHFRMAEHR: 95STAHYES ming 95CAE
P30 s, 67CIBA30s, T2CHEMHS min, 35 PEH
J& 72°C#H5FS min,
1.2.6 WMTEFFIRERE., ks Wikt
1.2.6.1 T

fER] p-GEM-T 7L A& (Promega) ¥ & —
# PCREY mkE, HEETHIERENEEE
B KIHFTE ( Escherichia coli) JM109 ¥k, T
BESFES 3708 ho BB SH AMP, ITPG,
X~ GAL B F-ME ek b, TEREFM P 37CHHF
8he KRB AEE (FHMRE), 8171 ml LB
BRIEFFEPIHS b
1.2.6.2 PCR FEEMHE TR

fEF p-GEM-T 81k R AL A A MI3 5| %
M TEFRE TP (CA) AT E. B THH%
FRERIEETT 2 K PCR M. FRiRE BN A)
200 nM dNTPs, 100 pM M13 IE[15|45, 100 pM M13
RE 5145, 100 pM (CA)ig, 1.5 oM MgCL, 0.6 U
Tag &8 (Promega), 1x PCR Buffer, 1.0 pIF3%,
I ddH,0 #hEE25 1; B)200 nM dNTPs, 100 pM M13 IE
15|44 ,100 pM M13 K 165]47,1.5 nM MgCL, , 0.6 U
Tog HRONE (Promega), 1 x PCR Buffer, 1.0 ;A%W,
H ddHO #8325 pl; REE R Ay 95T RS ming
95CAE 30 s, S5CIB K30 s, 729C HEN2 min, 35
MEF G 72°C 775 min, X F—FERE, B KA
I PCR 714 > 300 bp, BEHASTEEMZT, N3 A
BLRETE B SN A EER E 22— &4 A PCR =4,
A TEEEE (CA)nHEFD (Lunt e o,
1999),
1.2.6.3 5l#ikit

BEA (CA)n BHEFFIMREHTNT, B
(CA )n EE B RFMETD, i Oligg™
6.08A4F (Molecular Biology Insights) #EFT7 (#istit.
1.2.7 ZAMKN S55R 51

i R BEEEE 1 4 6 AN /N REAS  (A i 2EE
£ DNA #ATH 3, RERFRA: 10 x Buffer 5 4,
4 uldNTP (10 mM), 4 pIMgCl, (20 mM), Tag B
(TaKaRa A @, 5 U/ul) 1.25p, § 3351 4
(10 mM) 41 pl, BSA (10 mg/ml) 0.5, 1~5pl
A DNA, 0 ddH,0 % 2 50 pl. K RY 8 [0 -
O5CAFHES miny 95CEH30 s, 55~ 58CIB K30 s,
72CEEARS min, 35 MEFE 72°CHFT15 min,

181 ROX 500 PIARTE ARI PRISM 3100 HI{FE#L( Ap-
plied Biosystems )2 CARICHT PCR P it 17 55 418
(GENESCAN ), #X J5 F] GeneScan version 2.0 { Applied
Biosystems ) ER{4 X 2L Fr Wi Rl T BB ST,

2 HXR

H E—E i, 83 24 MM ERPpRENA
DNA, MEH SRR EA DNA BB, B
TEEE (B D, DARESAEKESHEEYS
DNA A M (B 2).

2000 bp — F

1000 bp —s
750 bp —
500 bp —> i
250 bp — b
100 bp — B

Bl /BRI AR 4R DNA Bk
A: DL 2000 Marker; B: M¥EEEFAZE DNA
Fig.1 [lectrophoresis mean for Genomic DINA from blood of Aifurus fidgens
A: DL 2000 Marker: B: Genomic DNA from blood

F C H

bp
750 hp
500 bp
250 bp

100 bp

2 NEEREULPY A0 AL HEREC DNA Ik E
A~K: WIBEMATERAT DNA: L: DI 2000 Marker
Fig.2 Electrophoresis map for genomic DNA from muscles and skins of
Adlurus fulgens. A — K: Genomic DNA from muscles and skins; L:
DL 2000 Marker
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BRI iR A i L B 4H DNA BB 745 nIDNA
Maker 7E 1% SXAR SRR P LK, UMD F B
A BHEEEE (83),

B3 JEHIA DNA A A-Ami ki
A: {H4EM™#); B: DL 2000 Marker
Fig.3 Digested genomic DNA alongside DNA murker
A; TDhigested Genomic DNA; B: DL 2000 Maker

W B A PCR 18, B3| T M
HF DNA F i, BUS 1] PCR RIF~17E 2% 3 HE
SRR ek, BN ESEE, BAMERE
HEA (F4).

<2000 bp
< 1000 bp
<« 750 |)p
< 500 |)p
<— 250 bp
<«— 100 bp

4 IEETWPCREEE
A: EEFY PCREF: B: DL 2000 Markers C: [
Fig.4  Electrophoresis map for PCR resull of ligated DNA
A: PCR result of ligated DNA; B; DI 2000 Marker; C: Control sample

ZAPERMKIE. FUCH DNA B85
PCR 45, K5 pl PCR R I FEHITE 2% SR G R &
Bk, B EI5r = TE 400 ~ 1 000 bplHy B 5235
AR (B 5). K PCR &1 E S TR A .
BR PR R Ay H o

HS pl PCR TR R0 ™= WD TE 2% BB eI
Pk, WRiEmkEEAHEPERSA (CA)n
BEEITH. :

1k 57 — biotin - ATAGAATAT (CA);s—3" (Kand-
pal et ol ., 1994) HEEEF, X/NERHBTHOESR

R, 8T 458 15k, Hd 68 2
H, BHEEXRT 14.8%, BALRENRE, &
HAPEFEREKMN (CA)n BEEREF (nz8; —
BEEFIIME, 2088 30X 21 4 FF)
WIS 4, IR 24 A/ NEESE R R E 4
B, HF 10 M BEAE2EE, HFFEEER
ZZ GenBank, FF#I% %5 J AY685403 ~ AY685412,
HEREEHERLE 1 (L et ol., 2005),

2000 bp —>
1000 bp —s
750 bp— B
500 bp—> §
200 bp— B
100 bp— ¥

5 s ¥ PCR &5 R ik
A: DL 2000 Marker; B: PCR P=#1; C: FIHERTHE
Fig.5 PCR resulis of enriched DNA. A: DL 2000 Marker; B: PCR
result of cnriched DNA; C: Control sample

1A 2A 3A 4A 5A M IB 2B 3B 4B 5B M

<«— 2000 bp

———1000 bp
g < 750 hp
§ < 500 bp
<— 250 hp
«—— 100 hp

6 PCRFRIGENE AR R A 1 SREEH (CAnE
HiFF)

Fig.6 PCR screening of clones. No,1 clone indicatcsa microsatellite

IATE M GENEPOP (3.40) #4473 7 T # B
BE R (Raymond and Reusset, 1995), f&-~{i
RSN ER 3~ 2 MA%E, 71 EEE 7
PLE (70 BEAAER; RISy o p e
FAEM0.50 B 1.00, HIEASEM 0.60 £]0.90
A%, HHHEERSENESEE, FESIMIEZ
HBH R ERESREE (P>0.05, Fisher &),
AEH &G AT R R AT
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1 MEERTEASSNE
Teble 1  Characterization of rad panda microsateltite locus
fig EHEFT FEAS SRR BAEE WEASE PHERSH Povalie GenBank FF7]S
Locus Array Size {bp) No. of alleles Ta (C) Hy He GenBank Accession no.
RP-1 (GT);AT (G 159 - 207 11 58 0.84 0.86 0.240 AY685403
RP-11 (AC) 2 131 - 135 3 58 1.00 0.60 ¢.000 AY685404
RP - 20 (AC);AA (AC) g 225 - 245 10 55 0.88 0.85 0.636 AY685405
RP - 101 {(AG)zp 156 - 176 10 58 0,89 0.80 0.038 AY685406
RP - 102 (CG)s (TG)yg 199 - 211 4 58 0.68 0.61 0.814 AY685407
RP-108 {TG); {CA),CTTA (CA}y 226-264 12 55 0.89 0.90 0.195 AY685408
RP- 133 (AC) 205 - 225 11 58 0.85 0.84 0.003 AY685409
RP - 137 {AC)s (AG) 147 - 159 7 55 0.60 0.78 0.035 AY685410
RP -215 (TG) i 371-375 3 58 0.50 0.60 1.000 AY685411
RP - 219 (GC)io (AC)y 194 -228 10 58 0.77 0.38 0.018 AY685412
3 b . PCRIY, B# TS, HAASEFIEHNYT

Y DNA BEOEMHEARRER: 1) B
e EEAMRBRA R EL; 2) BIfRETHNE
£ 03) XEMME; 4) TE; 5) BTEMAS
Wit RESERN, FHENEERERA A
VWERICHH TEFSHS, 3 TFEXRNEEN
DNA T T 238, SHM L2 RN s
B, SUGHEERRE) DNA R T PCR U LI 4,
FEREEYFEOAN . RIBRETHEETEF
TRERBEBEA L &2, BRIELE
TGS T aAT T i . B TR E R
TRMTTEHRAEREM, NERSERE, 5—58
B TIEMMER, RFENEERE 4.8%,
RERTFRAETEEESEN LR, FHETERE
F/MES 000 WEARER B 2B, 1A
HIETET 458 P IREEIR R 1 10 B TE A,
i R IE AR B B Bt s AT TN

At h g SR ML EE NG 2 b
AL FILA A8

$—, EMEFICHM D EWEF MR . LE
it 1L B 7 e — A R AT A T R A
FENE . M BB EEARIEEMNH
M. R HEAHENTREZL., BIEEMK
BRNEHETRISEBREMEN DNA T &, &
FHEES I AR, FEREIRERENS
SRR E N AR RS MER. AURFICHH
PEFEHARERE THRANKSEE. RERIIL
HR PR A B E S U E A7 S DNA K
B, AAEBEASMEIRAART DNA 2. &
B, Wik, PCR. RS, BIAEMSTEWEN
B, @HRAIMNESE FESSHEELH. HRKE

W8, PRt ER . X RN 2G & — o
TR SRR . FIEA—RAE, &
i1 F PCR % 8 J o T 4 9 (80 PR f5 G B IR ST R )
gL, BETIZERE, fE TR,
A s T AR A SRR A R BER
F, BAEHEPEBY A BEMREMT linker,
HH 8RR E R B A B 1T PCR 871,
ATTFRAD T4 S He i DNA R Bef ik, RIE
T A REK DNA AT TRE .

¥, BEVIE A DNA FBF A/ R R, wkE
B IR SRS 5/ F W SR DNA 856 Bl
BEMERRM T E Wi rT el FFIR
HfLERsIY. AT REEMERELE, BT
TERFEIE X DNA TR/ N T8, RikE
300 ~ 1000 bplT H 7, HERRT /D TR &L
B,

B, TR . BRI T2
SV AT B T MR AT R 2R, BN R — % MI3 5
P00 DR BB M T % PCR. HA MI3
St S G R i R A IR DNA TR
A, TR RSIHEIERREUESNE DNA BB
FRESEB DRSS, L5k R s
EF R TRIE, AT ER AT .. R
HRER, BB RESEYRMER, 2F--EM
fakt:; BEEERKENE, BAZKFEAE
bR ASCREMFFESX_FHLL, BEAER
L

Fhh, ERFE LY B, FRARME
g, ol LSS MR R B )i R A S T30
8, 40 (AT )n, (AAC)n, (AAAG)n%, Mlit
ATFEHEWEWRICES [5° - biotin - ATA-
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GAATAT (CA)js -3"] iy (CA) M E TR
A, FMNEREE (o) HHANKE, HFHBESR
ERTHMDERS, n=15, FlandcHd A
{5’ - biotin — ATAGAATAT (CA);s -3 ], TE =M
AERTHM LERHESHFF P n=8, #lm [5° -
biotin - ATAGAATAT (AAC); -3"]; PUBKERE &
TR TBEZELHRFIR n=6, #I0 [5 - biotin -

ATAGAATAT (AAAG)s - 3" ] (Vignieri, 2003; Fokidis
et al ., 2003), ZHYFERR, HEFNATEEE
MRS PICRBMAR, EHTERRITE, B
A ERA P SERNEENET LE
B, LDMRIEREAREEROR, AU HIF)% TR
REH, Wk B U EEAEIL RS s
I EE (R2) (Zane et ol ., 2002),

£2 RKAB, WEE. B WASMIRNELHNIREROEY LTEY
Table 2 Best score repeated sequences of Primates, Rodentia, Mammalia and Vertebrata

RE W MEE RIUITFFER Best score repeated soquences

ol NREEH =HREE MBEER
Dinucleotides Trinueleotides Tetranucleotides
FRKE Primates AC AT AG AAT AAC AGG AAAC AAAT AAAG
05 %2 Rxdentia AC AG AT AGG AGC AAC AAAC AGAT AAAT
ELEDH Mammalia AC AG AT AGC AGG ccG AAAT AAAG ACAG
HHEZY Veriebrata AC AT AG AAT AGG AGC AGAT AAAT ACAG

Bz kA HERE. BASREMEEH
DNAXT FHEM PR CFEIEREE (Kaagyouwv e
al., 1993), AHTEERGXBAFHME (£
2 ml) BRALARER . B T8 AL 5 sh i o]
/M, {BEX THERIPYRSA BB YR, 3K
MRE N TR s A A, MRS T
ERERRE. AR o EEFEH DNA $18,
HERIEMOBAEEN AR (KWK, BEF)
WM TR SRR E, RS meH
AT 1] :

B2 30Hk:
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