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Abstract : DNA hybridization assay using probes prepared from liver was carried out to
identify species characterization of the domestic animals. Gel electrophoresis showed that the
target DNA extracted from raw muscle were 1kb and uniform pattern while fragments size of
heated muscle were irregular. Hybridization was performed by adding 200ng/ml probe in
hybridization solution and incubating for 12 hours at 68T. To obtain good discrimination,
applied washing buffer and washing step differently depending on the species. The probes of pig,
horse and dog formed the specific hybrids with each target DNA respectively. Although cross
reaction was detected in cattle, goat and sheep but signal intensity among these species made the
discrimination possible each other. Such pattern was the same in the cases of chicken, turkey and
duck. The hybridization pattern of heated muscle was similar to that of raw muscle in general,
but the signal intensity was inferior to that of raw muscle. Species identification between closely
related animal species, hybridized using the target DNA of such closely related animal species as
a blocking agent, remarkable increase of discrimination from the evident decrease of non specific
reaction compared with the control group. In addition, in the admixture where certain meat was
included in the beef, pork, chicken meat, we could find whether any unjust meat was admixed or
not. In this case, detection limit of certain meat in admixture was 1%.
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AHAY BE Y34 E4stn /Y 4443 L
AANAA BAAG §49 3] A5 g
FEAT F43 dol& AFdte AdAAE ¢5P
o AR dojA gue {34 Wo|& DNA,
RNA € @93 ¢ 33ld gdYo= ¥ {4
EAL YA 1f9 BHAY FARRE 382 F
ol A& Aolo] @& Y& WEHT Y E=FH
AL FUHHA FYY /%S FE FAALA
= AA G Fe] g} Zholg Hole EYPo] 4
3o ol digyAdol e FHAY HrMFo] Bl
gt w2ty A EF 53] DNAS ¥ojajelo] &3t
AeElE= DNA EAAAE F4EY §F, 3434, 7
AN, AR 3 94 BASY HA B 2 9
& 7t Aol TP

e $310]7} 32 DNA G714 29 Aol
A B EETE F80] AwjHo|n o]o) il DNA £
A2 E 71%2] F 5ol Ty S83HE AR F
Z33 JE FAH o)t 1985\ leffery et al*o] myo-
globin gene8] repetitive sequenced FA| A E genomed)
HEG7)M D Aol & E4 3 DNA fingerprinting 7%
& 73 o] # Burkes} Buford’y ZFE HAoLE
k9] Zol& FHEHAI Alis} Bala'E= 429 TFE F
B3tk @9 FuoldE ol9 Qo] MI3 bacterio-
phage DNAE o] &3t §3} 5 A 9] DNA profileg ¥
393, of B0 AAAE s ed, 9L B2
719 BojAQ EXUAE ALstn dHt 23D
DNAS Aol4g £A37] 48 TOE AZe ARE
A MW} Y (Restriction Fragment Length Polymorphism,
RFLP) 2.2 A#HA7} AR Fe] Agd Gy by
€ B3 7)€, Meyer et al *& growth hormone
gened primer2 APALBAGY I AT Fd-&(Poly-
merase Chain Reaction, PCR)2 ©] 43t 417, "A%n
7l 39 HA 27§ B2 0.7, Tagliavini et al”
& AN HarldA A FFE AT A
FEAFUGY L ATALT AAFE B9 $33
A} FEdde] o g ¥elg FAe WL
2 APELI AR A ZEE FH4A genomed] T
S Wolg rlde AP YA FHYLE

AHgde 5 44340 SudE EAEE ¢a i o}
€% PCRE o] §3d 3= RHYE FE3) H8A
t AR 471G U 22 BRE Fu3
ofgt Z&o) Y4 primer A 0) bt 2y o
Z1Mge] WA G& FAAI HEHA KAA ¥
g g4 B3 fARS G71AE0] WA Ut i
gE 2 FAAVL oF 75§ #eA] BE ok ¥
A@H o Qe A AE 23 wgsic. gy
53 $A4E UFOE 379 Ro& HolE FoF
A BAE F71E o4 ot 2ol FRHE AF
¥ genome DNA G ¥ & &3 /A, EF, & 39
42 4T 2AEE 99%5 303 Y (Random Am-
plified Polymorphism DNAs, RAPD)o] 4 E3 9] t} 34
£ HYde A2E /e AFE T Y. Welsh ef
al'te RAPDE # 9] straing 7931, Chikuni et al
€ $71% ga3719 #eg 2ud% o, Dinesh
et Al 013 EFIAL. EE Gwakisa ef al”'&
Zebu cattled] o}F & T¥8$l 3L, Baileyd} Leart= Thu-
roughbred horse} Arabian horsed] §-4 3 EA & 793
Atk UM E o] Flo] G271 £UH 1) B
& RAPDZ AAJ8] Q) ¢olMat & Fo] W=
¢) HWB(Hanwoo Breed Identification)& 2¢13}5th. 18]
U RAPD A ¢lalE 9ol Mutd DNA g9 9y
A& FAF7] gE F 5o|F< probe Ao B
Ao o AlZHA, AAHA w¥o] HYslojord ¢
g ool 5y HEANH oY FEALHE T
¥+ g

Hybridization 7]%]-& whole chromosomal DNAE ¥ %)
AAZ AHE3td £ BolAQ G- EE AHHE A
A71Xge] Q¢ primer §lolk A& JEH £F
o] 7 A2 YZEr™®. DNA hybridization
of 9§ F Bo|A B4 Bauretal o] 3 AL &
M52 e™ Chikuni et al & A8 ¥ 3% 3% NAHSK
3 HFAEFE dALE £33 BEd% D Kirstens}
Thomsen™& 29| genomic DNAS] HAIA 59948
EA 3 probeE o] §3t iy EFE HAA LA
g A2don B &, 94, WY F FAHeE 2
ARA e NHEE dBez £3 ¢ FEHLA §
A9 a8y AAAY AFRAI} FE AR E2F
of Z¥E FEAQY Aoy HI| fAHoT 2dF
Ad Qe $F09Y EHENY Qg A7E NgF 2
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oA & dFAME &, ARAS, A% F AR
2 2340 AAHE $F & IHH 9F 7p3H A
A2&3 dNYSL AL E hybridization 7)Y & &
43to] DNAY §4& FHEH FAld A% - A&
Y& St an 3

nE A e

BAME : 28 v £ F8 715 9% AAE 28
z23¢ AL H =4 §A AHE 18 o] &3
2Z42 probe® AN FAYKLS AH28L
1107, 4083 A3t JutEQ) 7p3 e £33
o EFEE A1), A7) R §327] § AL
5388 22 1%, 5% % 10% ¥ &2 EHE O 9N
&3 Y8 2402 AU

DNA #& : 534 A4, €A% 2 EFZlA
DNA %2£& Maniatis ef ol 9] 43 € HYIAD. 3,
#A8Y Z52F0] extracting buffer(100mM sodium
chloride/SmM EDTA/100mM Tris-HCl/1% SDS/10mM DTT)
£ 78t AR (60T, 1 hi)A]Z] F phenol £ <(phenol/
chloroform/isoamylalcohol, 25:24: 1, Sigma)o.2 &3}
At 3& 92 YA Ee(12,000rpm, 10 min)3te] 3
& 2833 A phenol §4& 7}3to] FEHHE 33
gESg 228 43 Ae-S3 3M sodium acetate
(Sigma)g &3t 70T A DNAE FAA 7)1 thA)
98] DNA pelletd 235315t 348 DNAE 0.1
X TE-buffer(Tris-EDTA buffer, Sigma)o] €88} 2 ¥ &
& Q¢ & target DNAZ AHE 3T

Electrophoresis : &% DNAY| loading buffer(0.25%
bromphenol blue/0.25% xylen cyanol/30% glycerol/1% SDS/
10sM EDTA, pH 80)& 718t £33 T}&, 1.2% agarose
gel(0.5pg/ml ethidium bromide, 120X 100 3mm)o] %83}
o 3719 %(SViem, 2-3h)E AA T A7)& 0 Tris-
borate EDTA buffer(0.089pM Tris-borate/0.089uM boric acid/
0.002uM EDTA, pH 8.0)8 A438129 molecular size
marker(1Kb ladder DNA}E )2 2 UV illuminater(Spectro-
line, USAYAol A T patterng @33t}

Probe X4 : #4¢ 7 23| probe extracting buffer
(10mM sodium chloride/SmM EDTA/100mM Tris-HCl/1%
SDS)E H7h3te} A AZ) th& phenol &4 o2 38

239t &9 & g2 FHA A DNA pellet 3
4831 7)) ribonuclease-IA(1000pg/mi, Sigma)E A 7
8a} RNAE A A& th. TA] phenol 383} @& 3
A& W5 8a DNAE JAH 2 A E DNAE 2
£33 Ae7| 2 ¢u 3§ ¥ pobed DNAZ A3t
Probe2| labeling : Denature ¥ DNAS| hexa-nucleotide
mixture(BMS)S} dNTP labeling mixture(1mM dCTP/1mM
dGTP/ImM dATPO.65SmM dTTP0.35SmM DIG-JUTP, pH 7.5,
BMS) @ Klenow enzyme(2 unit/ul, BMS)E 7184 37C
o4 242 EA ST EA7H $2E F EDTAO2M,
pH 80, Sigma)& 7}3to WH&& FAAI T dEE
2 A7 DNAE 3|43} probe= AHE-3H3TH
Hybridization : Milliblotting kit(Millipore)2. target DNA
& nylon membrane(BMS)o} transferdt T} UV-illuminater
Aol A} 5387} crosslinking 2141 T}, ©] Nylon membraned]
hybridization buffer(0.1% N-lauroylsarcosine/0.02% SDS/5 X
SSC/1% blocking solution)& 718t} 68T A ¢ 143t
B8 ¢ ¥ prober} A7HE A 2 & hybridization buffero]]
Al 838 AAAF) 1 68T A 12413 hybridization 3}
4 c}. Hybridizationo] ¥ nylon membrane-2 washing buffer
1(2xSSC/0.1% SDS)Z 134 AHdPon 23 My e
220 me}A washing buffer T (0.1xS8SC/0.1% SDS &
£ 04x8SC/0.1% SDS E+ 2x88CH0.1% SDS)E A%
22314t} 413 F nylone membrane2 5pl anti-digoxigenin-
alkaline phosphotase conjugate(BMS)$} 302+ w3471
T} NBT(Nitroblue Tetrazolium, BMS) 45p18} X-phosphate
solution(BMS) 35u18 7| A2 Ao A WA st ot

i

Target DNAS] HI|FE4 : AT 2KA F2
3t DNAE o 1kb 7}%¢] 79 ¥ DNA Q¥ Eo] &¢
bandE HAEAoH ALY A G 279
Adgdo zdgos EFAF EXE B X9
u}& DNAS ¥4 & #0184 AUATH(Fig 1).

HEUYE AR hybridization =2 : 2FqE &
$1% hybridizatione] &A= #-& Table 13} Zt}. Probe 5
£ RE 2344 200ngmlE 68T 4 12412} hybri-
dization 3}91 31 A3 24L& washing buffer 1 & 7] 2 A
Yooz HLojA S5EH 23] AHsiglon 23 AL
2342 ¥ 9¢ 23y H Bl gE AARKT
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Table 1. Hybridization conditions for specics identification

Species
Hybridization condition
Cattle, Goat, Sheep Pig, Horse, Dog Chicken, Duck, Turkey
Probe concentration(ng/ml) 200 200 200
DNA concentration(ng/mi) 5,000 5,000 5,000
Washing buffer 1 0.1x8SC 0.4x $SC 2xS85C
Detection time(min) 30 20 40

Z A, At 2 WYL 0.1x85C/0.1% SDS, A=, ¥
2 JiE 04xS8SCO0.1% SDS, &, Az 2 28+ 2x
SSC/0.1% SDSE Z2 3§34t}

DNA hybridization® 0|8% £3&Y : &% 715
o AAgoz BE 3% DNAE +23 ¢ chromoso-
mal DNAE 24§ probes} hybridization 3§ 233744
< ANERY v HA, T L A probes FL HAR
7], &37) R 7}27)¢] DNAS Eo|H 02 hybrids& ¥
Aste] FaF TARS JFYE £ JAden AR
+ target DNAY] £ o] v] 3351t} 4 probe 337
E EE AAAYY nrlg dgnrlqME 24EEE
2Q v HAAEE JarldAM 7 st uE
olut-g-o] @AYol FF3 o] AEdH. oA
FAe WG AH4FS pobed HE FAFEIG 2H
g, 28z % 229 probed] M A3 wapgkgo] &2l
Ao HRE Aojd wg FFhdel Mt
(Fig 2, 3). %4 probest @41 2]-%-¢] DNA hybridization
FAe AR AAET FYde A @AY
9% 228 FEY & AoH i FAZREE A
§of 3 vl Fg FFo U

DNA hybridizationZ 0|88 2 #Ftel 2 :
FANCE 2EBAQ 29 Y L ARNF FF 2
dz 2 ozt wANEE AAGE 29 #3L #
¥5& $AANFInA blocking agent® H7M3ke prehy-
bridizationg A A § ¥ hybridization %42 <13}
Wora} A ej A+ target DNA(100ng)E blocking agent
A3 A% FH Az wste A probed) 29
227 hd%ol FAHA oM WG ARG v E
ojut-g-& FA S P3G HFig 4). EF H probeE
olg3ld Ru71& 2dEFY AUR Y, 2B
2y 2N g dox A9zar], 2 n7]9 DNA

£ bloking agentZ Al&-3to] T & MAE & AU
(Fig 5).

EetRo|M KHKe| 2t : DNA hybridization 3§
gel H37), A7l @ gnyl o T¢E 5349
2Z24¥ g NEFHA Huri&d EAE HAL], &
7], 2317 R Anr g Heel rbsEe s
(Fig 6). £8 SR 2715 X¢e ga7], 2271 2 A
1719 EYARE AEE + AU d1|F TV
2 A% el Aeduey AEAE 47 1%
FE ol AH(Fig 7, 8).

I @

Hybridization& DNAS] A A3 % nucletide ¥7]% 2]
AuAd gstd E438 B §AHE e &8
§ FAZY /1 YA Holn WFAH Jleeltt o
WA o2 o]% 7be DNAE 1ol ZUslesd 2
HEZANA gHeg Fesn oA AYAFE AA
HA gole hybridsE HAS Hee Yejz K44
t}. 57 DNA(probe)7} ©]F DNA(target DNA)SH E3}-d
ASole 4749 JRA B4 w2} hybrid molecule
€ YA m ojd 9 hybrids Y=Y FHPL B}
9 $AHY FIRAE BHIsA ok g4 DNA
hybridizationo] 2§ genomes} FA ¥4 o] 7} Bt
ohle} F ol U F& AU +Ed
o vig H 48 Ao2 AZEn

2 QoA probeZ A}E-¥ whole chromosomal DNA
£ F2 uHE 97| (repetitive sequence)E 74 HEZ probe
¢} target DNAY EAEE probed] ¥WHE@V]o) of 3t
target DNAY] g7]18E0] o] AE9 AL Ro&
Ao et gFA. 34 FABA RE 01FT
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At ARAQY 449 vt FUFez Fidy
mismatched base pair®] #¥WT & &} webA hybrids
£ u$ #H8A SEu”™ mismatched base pair 1%0]
Tmo] 1T Addhe A2 ¢ A U} Meinkoths}
Wahi’& hybrids 34 E&3 Fol4dol 9%& e
OgE 8089 JBUAE BAHSS Uy gL €
Aoz gorggch

Tm = 815C + 166 logM+041(% G-+C)-500m-061(% formamide).

Z, hybrids®] ¢+ = 2491 Tm(Melting Temperature}>
uhg-g gl ol FTM), 47124(%, guanine+cy-
tocine), hybridsZ- HG# 9 Zdoj(n) L formamides} 7o
helix9] AATE Afsie 239 5= F EFHU ¢
Ao oste] AFHE Aoz YZETh & A7 FA
¥ 9% 9 7H% & 74 97124 (%, G+0O)o] AojFteR
ojB9 F Bol4& ¥4 s dRvxE 2
e AFdg AgFggen o g dge P¥o)
A540) Be FFLNE AQGAA, AEA ] ¥
Z2Z0d e 1990 A3 Aol wigA st A
A% el dx)3Geh Hybrids: ©U7behe] o]% DNA
7t A 5o Ar1%4E gAY o £4§ FA
o2 g ¥9% F sldez YAE wehA probed]
HHEG 7)o B target DNAS] AR o] S35 ¥rE
t}¥ hybridse] ¥4]-& target DNA ¥ xof ]33t F7}
o 2 AP E 39 4% target DNAY dotting
Fo] & E WAZEE B

8 A%E 110CHA 4023 A F DA SN
E hybridizationo] 93] FUE F EojHg 7Y
F ey gM §71FAEY FFPEAE hy-
bridization 71 & #-&& o2 Bt Y YK
Hge] BAZRE7} wgy AL GAHJHF target
DNAS9] annealing ability7} A 8He Ao 48 22
Z gegg*™

Buckland™e]| ¢j3}d Q29 WYL DNA 971449
83%, A2 WFL 70%7} FEHEZ $4H 2 §@
AZ geiA ok & A7 29 3709 v 5o
i8-8 Zolaa 29 %9 DNAE 7134 probes}
AR wgANgozA ANE A8 =&Y 4
Ak Y 29 309 AL E 9HFH e
AAS7] A E FAET 128 F 5oy 9714
d& XHP3E probe FAo] AEHoY Zde Y¥

3394 % 8049 EAUAE ALSAE N7
AY 3 A

g A7dAE 4327 5 A% T4 HA7),
w27, A7) % $271# 1% $271R 49E 4 9
o o2t 32 v Fo] & uf hybridization 7] &
%4%9 AAARE ROHAY 2HFAFA T
$44¢ 4L 5 4439 2YANE 1 $47}
A7 §& AS2 d&Wch ©ehAl DNA bybridization
¥ Se 283} N L5 cloning FA4
o= 43 A& FHE /YT 4 o 43
29 F Solie FHN 33¢ U 480
$yoz B,

a4 2

A8 HEY 9%Y F8 1E5E dBeE %%
DNA B4 & 7931 A& - AW FEY L e
§nA AN 47 A 4ol 229 DNAE 230
2 F¥ 24 ¥ probed} hybridizationd A A3t F 5o
A& EASG AN 28oA 43 DNAE ¢
1kb 7}Fe] 49U DNA GHEo| &9 bandE FA 3
qom dA & S g 271 AEBH] &
dgos EEY EXE BHT) Probe FXFE 200ng/
ml2 68TolA 12A|7+ hybridizationg HA8t1 &34
Z DNA B4 met A3 2 AR 5488
A3, 92, & 9 /9 probes 2 R 27], T3]
9 /Anrlel A &Y DNASH §o|H 02 hybridsE ¥
A3t F Bold& AAY £ AN A, AHAY
g AYE 43 2AgE HYoy £33 d4ZE
Aol7t F8idte o] Medych £E &, WX R
LM E e FYT Gl XKL
HE 2% 9% DNAE 2% probed} hybridization
¥ dde dAZ JA43 FAE AP et 4
e A& vgto vgE FEAST. FHHL
2 249 #4Q 3¢ gdtax dgY 539 tar
get DNAE blocking agentZ Alg-3le] FHJ} J2RER
o | Solutgg BA3 29 & UM FEFL §
AE 8 J17), 127 € gur)d 474 53
£& ERY EHFAME EALY TAARE ¥
F ANy A 1% FEoIA
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Legends for figures

Fig 1. Agarose gel electrophoresis of the DNA extracted from heated muscles(A) and raw muscles(B) of various species. Lane No. 1,
cattle : 2, pig: 3, chicken: 4, horse : 5, duck : 6, turkey : 7, sheep: 8, goat: 9, dog : M, molecular size marker(1kb ladder DNA).

Fig 2. Dot blot hybridization of catle probe(1), pig probe(2), chicken probe(3), horse probe(4), duck probe(5) with DNA extracted
from muscles of various species. B, cattle : P, pig : C, chicken: H, horse: D, duck: T, turkey : S, sheep: N, dog: G, goat. The
first well of the upper contained 500ng DNA and 2 fold dilute in a row. The all lower wells contained 500ng DNA of various
animals, respectively.

Fig 3. Dot blot hybridizations of turkey probe(6), sheep probe(7), goat probe(8), dog probe (9) with DNA extracted from muscles of
various species. B, cattle : P, pig: C, chicken: H, horse: D, duck: T, turkey : S, sheep: N, dog: G, goat. The first well of upp-
er contained 500ng DNA and 2 fold dilute in a row. The all lower wells contained 500ng DNA of various animals, respectively.

Fig 4. The two identical dot blot filters hybridized of cattle probe with DNA extracted from closely related species. Used no blocking
agent(1), 100ng of sheep and goat DNAs used as blocking agent(2). B, cattle : S, sheep: G, goat.

Fig 5. The two identical dot blot filters hybridized of chicken probe with DNA extracted from closely related species. Used no block-
ing agent(1), 100ng of duck and turkey DNASs used as blocking agent. C, chicken : D, duck: T, turkey.

Fig 6. Detection of various meats in admixture to beef by dot blot analysis. B, cattle : P, pig: C, chicken: H, horse : N, dog : PBM, ad-
mixture of pork to beef: CBM, admixture of chicken meat to beef: HBM, admixture of horse meat to beef: NBM, admixture
of dog meat to beef. 1, 5 and 10% are proportions of the unjust meat in admixture.

Fig 7. Detection of various meats in admixture to pork by dot blot analysis. P, pig: C, chicken: H, horse: N, dog: CPM, admixture
of chicken meat to pork : HPM, admixture of horse meat to pork : NPM, admixture of dog meat to pork. 1, 5 and 10% are pro-
portions of unjust meat in admixture.

Fig 8. Detection of various meats in admixture to chicken meat by dot blot analysis. C, chicken : H, homse : N, dog : HCM, admixture
of horse meat to chicken meat : NCM, admixture of dog meat to chicken meat. 1, 5 and 10% are proportions of unjust meat in
admixture.
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