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Paternity test in dogs by microsatellite allele analysis
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Abstract : Microsatellite allele analysis has been used for individual identification and
paternity test. In the present study, the biological father of three puppies was determined by using
microsatellite allele amplification analysis. The mother bitch of the litter was a Poongsan dog.
The three stud dogs that could have inseminated the bitch, by being in the same residence, were
a white Poosan dog, a mixed breed, and a white Jindo dog. DNA was obtained from all the re-
levant dogs by buccal swabbing. Four loci of tetranucleotide repeat microsatellite were PCR-
amplified, and analyzed by polyacrylamide gel electrophoresis and silver staining. The results of
genotyping unambigously assigned the Poongsan dog as the biological father. There was no
evidence of superfecundation. Therefore, the present study demonstrated the usefulness of micro-
satellite allele analysis as a simple, efficient method of paternity test in dogs.
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MY, 274 94 M(microsatellite) 24 59| 27}
A WP Eo] gl

o] ¢ A A= variable number of tandem reapeats(VNTR)
ol &1 20 F714 olate] ¥E == DNA g7
AL ojFojA Qlth WA= EAT FAA F
Aol A WHEEE @99 7 gl wet A 2
o7} YEtY® X579 Aw FoAM 7MF & AR
d84 & Ad Ao A Utk FAA YL o]
A A A ] wET Y M EE probel 2 ALE5}
o o] nAAYA FAA FAE FAY AFsE 7
Ho2 DNAE ¥g, A719% 2 blotting 3 ¥ probed}
hybridization A|7|H & 1A YoM 277 & 4
919 probeo] A3l AtriE R4 band7t Ve
t}. o] & & band pattern 7| & ko] 2ol B Ho]n A
Ao =7E o] gd ¢ otk AR AEPL lef
freys et al o] |8} A& 0B WHFAL WA 59
Hojgte] A og HLEHGT o|F AL o]99 o
B FEAxR vAA4A7 A%l ¥ 3 Morton
etal*d) 98] 3 749 A7 E) o] §H YT

HTA e AgE 2 FE29 AANE 2 AaxF
He 3 wmEn 7183 g 0 2 microsatellite £4] Y
o] o] &5 9,115}. Microsatellite:= short tandem repeat
(STR)olgt 1= £ 41 270 WA 47] 2919 9717t 9
&40 NELE F2F 7}4 DNA £ 2.2 049
A AAAR A et HEHE g9 ¢t
g2t AFE 58 OYPELE Rolr offd MELE
Ad o] FAYH wtet FHdr) PCRE o884 mi-
crosatelliteE ZE3ld A7|d58d AAN X2 o
7 UERARE ARAA F 94 (co-dominant) O 2
detded olF 3 didfdAe BANM FuHld R
ol 1 & st FANA FHig Rolth 1822 &
Ao F gz RANA AT A& AYF Y
2 shue BEA] £A Y A3} g g} g 1y
A FE wole AR7t old Ao2 #AHE 4 At o
& ¢ microsatellite®] 4 A2 A R Az 7
Y4P =72 o] &8 F U

¥ AFJME microsatellite s o] &3 HEH A=Az
g 893ty 2 A4S 37 A HEe 4
Astgd. &, Agdda FdFgs FEFEH A
928 FARA) EGA4E A vlely A A aig
o RAFEY ] AAZEE HE microsatellite T

#HAA E4 & AAs

Nz 3 W

AHEE WA 898 2A 1F R AA3FS R
Aoz disE £H 3FE 4Yd FAH
Al o AHEE RE AL EEY BV Qe @
Sigma(ST, Louis, MO, USA)ol| A =& 8o A}4-314 o}
DNA Zd| : DNA &2 A A E @7 98 =
7, 27 3vtg] 2 FAFE 3k U E AER
5~63] &3] phosphate buffered saline(PBS, 0.01M sodium
phosphate, pH 7.0) 3mlo] 210} Z&A]Z] F 10,000 gd]
A 58 ok dAE &g A XE lysis buffer(100mM
EDTA, 10mM Tris-Cl, 1%(w/v) SDS, 100pug/m! proteinase K,
pH 8.0) 200plol 60CAIA 2A1ZF F3F 591 ¥ oA 10,
000x gl A 158 F< AE |22 & AANA
t}, o] B2 o] A AH lysateo]] isopropanol S00u1E 3 7181
DNAE 3 4A7]11 Wizard DNA Clean Up system(Pro-
mega, Madison, WL, USA)& o] &3] A% § PCR vH-¢
o o] &3tk
PCR : Microsatellite 448 £ A48 ZAEL
Francisco et al®o) ¢]3 H 319 tetranucleotide repeate se-
quence(GAAA)nS o] primer pairE Fol A H]E3 po-
lymorphic information content(PIC) to) 3&-& primer 4%-&
Ad, ALEStTh A § primers] @71 EE o4&
Zo.
2004 forward : ctaagtggggagcctectct
reverse : actgtgacctactgaggttgca
2097 forward : caatgtcgaattccatggtc
reverse . atggagcaagatgtgtttgte
2161 forward : tcagcaagaaaccctccagt
reverse : cattcccaacggaggactet
2175 forward : ttcattgattictecattgge
reverse : aggactctaaaaacttgeetee
PCR ¥r§o} ZAL 10mM Tric-HCI(pH 8.3), 50mM
KCl, 1.5mM MgCl,, 0.001% (w/v)gelatin, 0.2mM dNTPs, 0.5
M primer, 0.75 unit Taq polymerase(Takara, Otsu, Japan)o}
2109 template © 2 10~20nge] genomic DNAE A}-43
Ak HheRZ AL 2004, 2161 markers] A& ‘touch-
down' 71’2 annealing X & 62To)A 52C7HA 3
cycleso] 1TH wFuM WEE JYAZT. 209734
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Table 1. Estimated allele sizes (bp) of four different microsatellite markers in mother, three puppies, and three proposed stud

dogs (PS1-PS3).
Marker Mother Puppy 1 Puppy 2 Puppy 3 Ps1 PS2 PS3
2004 242/238 238 242/238 238 238 316 254/242
2097 305,/297 305,297 305,293 305/297 305,/293 289/281 301/281
2161 267/247 267/247 267 /247 267 267/247 251/243 251
2175 271/263 263 263 271/263 263 267/263 259

2175 markere| 3| A = A& 10 cyclese] annealing &
€ 47 57T, S1CA, tg 25 cydest 2 55T,
9TAA & APt ZE B4 AHA dena-
turation 94C ol A4 5%, r]A] 34 cycles} denaturation
2 35% 91, annealing 403, extension 72T 40%, w}X]
o} extension W& S¥ o A A FH)

H7|¥&E % Silver staining : 7195 & 160x240
X0.75mm polyacrylamide native gel& A§-391.21 separat-
ing gel(T: 8%, C: 3%, 1 X TBE) 15cm$} stacking gel(T :
4%, C: 3%, 1 X TBE) 1emE& A YA A A3t th. Cross-
linkerZ += piperazine di-acrylamide(Bio-Rad, Hercules, CA,
USA)E A1431%.25 loading ¥ PCR AHE 9] & 10ng
AL FEE ZAYPT. A/YE buffer2= 1XTBE
(89mM Tris, 89mM boric acid, 2mM EDTA)E A}-£38}d]
250Vl A 4~6A2F A 7|2 7] ¥ Bassam et al®9] ¥ d)
uhe} silver staining 31} band& &<lstgich. A7 F
polyacryl-amide gel GS-670 Imaging Densitometer(Bio-Rad)
£ °]839 scan %25 Multi-Analyst(Bio-Rad) image
analysis computer program(Version 1.1)2 o]-83}o] DNA
9] AVNE A3 Th DNA size marker2 ¥ 20bp DNA
Ladder(Takara)& A48 5t

i o

Yl 7FA 9] microsatellite marker§ PCRE $ 3o A
71958 4= Fig1,2,3 9 49 2k £ 1 allele
size® ¥A ¥ A& Table 16 A A)85ic}. Microsatel-
litt marker 2004¢] E4(Fig 1) 23 2L 238bpst
242bp9] ¥ YFAAE HAZ Ak A 134 38
238bpe] alleleo] FFHFLZ YebGn A7 2& 2383
12 % allele2 X 7% $YHch RAFR 12 2389

alleled FFHFLE, FAFH 2& 3169 allele 54
Aoz, BAFH 38 2429 2549 F allele )83
oz B4d Ao 2852 marker 20048 EA
°0F B o 2A7F 13 32 BF 2AS RA0SHY E
A 238 alleles 22 Wgtodw A FH BAF 3y
1ghe] AR2A Y alleled 7} 3 glo] T8 29 38 A
gt A7 2% 2387 242 allele® T} 74X 1 gom B
29 $AAYE FYSEE RASZEE oL alleled
Wotea] & ¢ 1 g FACERE 238 32 242
allele o = Zo]E2] UL F5A 0] Yk =
2 238 alleled 7HA 1 Qe BAFH 15 242 allele E 7}
A3 Qe FAFE 3 Foulgr) B 189 7454
o] Aok 28y ¥ ALK 2 316 alleleH FHHFGO
E 71231 glo] ol A9 ARE F & gt o)y
Wl o2 o 71219 microsatellite markerE 4% A
9] #§Ao] Table 29 £95 o] Qith. 1822 marker

Table 2. Inclusion of proposed stud dogs for each puppy by
genotyping of individual marker

Marker Puppy 1 Puppy 2 Puppy 3
2004 Psl1 Psl, 3 PS1
2097 PS1 PS1 PS1
2161 PS1 Ps1 PS1
2175 Psl, 2 PSl, 2 Ps1, 2

PS : proposed stud dogs.

21759 £4d 98t RE AAEC] £AFH 13 29
AAYG & 312y marker 2097, 2161 £40) ol3}o] 2 A
¥529 32 A1 gt FAFH 1% AFAL
A FAAY) YA ge FRE GA Bt
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B d7E 2AFEY 7H5A0 QA BE A8 F
Ao giate] slgong Bol d £ gl HEL A
ANA Ui A5A0E Brol AAHE Aot ©
B BATE nig FolAN FAALE AZ4HE 72
Fy 10) RE A4 ARA0T AU 99 o
@7} microsatellite markere] EA{¢} 2l&] 34 A (super-
fecundation)d 7Hs4 Al @A WAHAT 2y
2AY 7H5Aol Uk RE FEY ARE FIA X%
A& A% FHEAY alleled] A9 allelest 25 UA|
gz el BACE GAX G $E ot oH# 7
o Ztzhe] microsatellite H$jo] thsjA HA el
A dPfARE] Y NEE Z2AEIE JA5d
54 B8 L Astdel fh ol & Ha A ol &
&3 9l markerS e HPAAR HES AY 4 FF
HE o9 2EseXd g FPUT 2AL 48
am g ol2i g Aje] AAF At

DNAd| 7128 AAztd 2 AANEL E4 A
E2oA 4N yping & A Az A
Microsatellite 2 ©) 4§ HHH-S microsatellite T HA-E
AR Qe oE FolE H8E & gk ol E WY
o] o] A& o} A %] DNA sample?t ol % 40 7}
w87 Wi gL EE vy B2, F3U
swab 5 DNAZ @€ & & AW o= Ro|E o]§
o] 7hgdtte Aolth. B¥ £49) o] 85 microsatellite
9 #49| Fo) mat A 100%) 717 GEE A
g % AR o] HHe sttt

/Aol A microsatellite & ©] & ¥ Az Ed] #F K1
= dFAd AQAP 2 a2y o]EL EF oA
DNAE #3231 WA 591449} sequencing gel&
ALEE 5 2 sample A AR B HA o] EFE
o] glo.w & dinucleotide repeat microsatelliteE AH-§
3o M ‘stutter band7t YEHGE EAHE 7HA I AU
t}. Automatic sequencerd ©|-&3§F microsatellite BAT
THssut 2 fAL Y G4 S 12 ¥ 9 micro-
satellite® o] & AANEQ, AxEgo] AelM 24
57 98dEs o BAd 208 vgo] AYd
A s $98 & glojor & Hojth. & AYelA ¥
A 87}t obd 77 o AWM T E DNA 9202 o

B =
oW

o2 ANaAd 33L& TAHHAD. 2T tetranu-
cleotide repeat sequence® 7HAlE microsatellite F 9 & o
430 2 M sequencing gelo] ol 3¢ polyacrylamide
gel2 allele 24 & ¥ & Aoy EF silver staining &
Aggozd dAES FHY4Y AHEE HIEA
ethidium bromide staining Bt} & #ZE #A¥ + &
9\ t}. t} 2o} tetranucleotide repeat sequence® AlEHOE
dinuclestide repeat sequence® PCR % Z 3o} #7195 d
9 &3] Y} ‘stutter band @S I & YA
'Stutter' band:= =¥ band ©} 9]¢ & 7)2] minor band7}
A Ao YEl: #8402 DNA polymerases] 'slippage’
4 g8 Hog 2@ oY 4L A79
¥ 279 Yo EFE MAE F A0

FYAA T ojZc] g BAE7T F7HetEM €32
o BEAY YEH UE oyl Avtzn e o
2 dHME Y AAAAE 9A &P ast
t}. U] American Kennel Club(AKC)ol A & 1998\ %€
N7t B3 ¢4 dile 97322 DNA
AAE AT Qo ol P AAlY g W7t
o3t FEH Z79 o 12%7 TEUW LT A4
2] @trhn B 315 ¢ oHhtp:/fwww.ake.org/dnawhite.htm).
sy £F A9 e o8 AP 7
o] ¥ty Qo $EUF daNT A 9
Bo] A7HE A$7t deng old gy AR
DNA BAMo] 388 98¢ & & & Aot 2 4
£ microsatellite allele A0 2 7o AR E S 4
A F98 5 Y€ vd Fom ¢o2 4 mi-
crosateltite 98 FAo 248 4 9]+ multiplex PCR
zo W e fEFes d& WL AYY v &L
2§32 AAE ANE £ YEE =0 WRY JL
2 Bztd.

L A
L

i E

2o ojgAd tiF Balol Atz ol FHAA
% HelAe Azzhgelut AAE A RE 877 A
A 218 Ao AP & dgdAe A o
A0 et ARBA 2R A vl #AF
w7t 2A%E A ARE By A FHA
AAE ANGRh 24, A2 A e, FAFE A 7
2¢ FATHEc)A DNAE F&3% T W 7MY
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A2 OE microsatellite #$}¢] §AA4 & PCRE 3%, APde wzZa 3asy & YL Az e
A719%F ¢ silver staining 3}o] 2A G A3} A vigly AoE FAHUD Fo= Fu £FAY ¥FHAI
BAXEZF @ vhEtte] 4 A4 EF9 ARQo] Y o] WiEe o] 7idfET

H itk 1822 microsatellite 410 2] 3 fA AW, R

Legends for fiures

Fig 1. Genotyping of microsatellite locus 2004 in mother (Mo), three puppies (P1-P3) and three putative fathers (51-83). M, molecular
size markers (bp).

Fig 2. Genotyping of microsatellite locus 2097 in mother (Mo), three puppies (P1-P3) and three putative fathers (81-S3). M, molecular
size markers (bp).

Fig 3. Genotyping of microsatellite locus 2161 in mother (Mo), threc puppies (P1-P3) and three putative fathers (81-83). M, molecular
size markers (bp).

Fig 4. Genotyping of microsatellite locus 2175 in mother (Mo), three puppies (P1-P3) and three putative fathers (S1-83). M, molecular
size markers (bp).
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