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Identification of Meat Species Using Species—Specific
PCR-RFLP Fingerprint of Mitochondrial 12S rRNA Gene
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Division of Animal Science and Resources, College of Life Science and Natural Resources,
Sangji University, Wonju 220-702, Korea

ABSTRACT

In order tc develop a sensitive and reliable method for the species-specific molecular markers, PCR-RFLP assay of the
mitochondrial DNA(mt DNA) 12S rRNA gene was exploited for the identification of the origin of animal meat species
including catle, pig, sheep, goat, horse, deer, chicken, duck and turkey. A specific primer pairs were designed, based on the
nucleotide sequences of mt 12S rRNA gene, for the amplification of the highly conserved region in the gene of the animal
species using PCR-RFLP technique. mt DNA was isolated from meat samples followed by DNA amplification using PCR
with the specific primers. PCR amplification produced an approximately 455 bp fragment in each of these animal meats. To
distinguish meat species, the PCR amplicons were digested with restriction endonucleases Tsp5091 and Mbol, respectively,
which generates distinct RFLP profiles. The DNA profiles digested with Tsp5091 allowed the clear discrimination in the
mammalian meat species and the DNA profiles digested with Mbol in poultry meat species. Therefore, the PCR-RFLP pro-
files of mt 128 rRNA gene could be very useful to identify the origin of the raw materials in the raw meats as well as the
processed meat products.
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LEAo Y o] 7k &3], WRASHHY 5HH
(isoelectric focusing) 7|45, SDS polyacrylamide gel A
71%9% % two-dimensional electrophoresis2D-%7]19%) 5
o] 7IHo] HuA FEFErt e % WIHOE AEH
o]#} $th(Bellagamba er al, 2001). Lt} 0|5 & Eo]
2 @l 7)Zate] Y85 £ 71YS s WUy
& 53] A7 #GLS AX dFESo g AS-
&4 Thld 1l Eolz 3glo] WAooz ZpAo] dF
] Holxle EAHES 2t JATh(Hird er al., 2003).

HT FAAESHE Jlee ddd ot DNA EX55
AX F Eol¥ DNA @7IA4E Fole] 7]x3 PCR
(polymerase chain reaction)”|}H-& Zdjjo] Tzl 4250
A EFE0 AT BARS S8 5 e N2
FSWE Ve 8853 vt 53] PCR 7|HE T4
ZF2] DNAZ in vitro Wl 578 A7 IMEHGS SolF
o7 FEFOA A& o] vl w2 &
FyEHo 2 I FHArslan er al, 2006). L5 PCR
o FAETH 7S &83 STEHOE RAPD-
PCR, species-specific PCR, PCR-RFLP % PCR-DNA
sequencing 5°] EILE v} QITh(Shin er al, 2006). &
7Fe-Hl E3] PCR-RFLP 7|'{2 DNA €74 E<] EA3
HEHHE PCRE FE3la 54 Agasrz dustd]
T A HoldE HEdt FFS WEse e
2 ASA, A € A@Yo] 52 Veelstn & 4 3
CH(Partis et al., 2000).

HEZ=glols A XA Stk Av|#e 2 AX Y
NUAE A2 v EZ=gol DNA(mt DNAYE 24|
g Bl o Mgl FEES dgdte Aoz &
224 Qdtl. 2 mtDNAE 9 16.5kb F7)9} 33 o)
FHATZEE 13 F79 @8AE A= FHAANDI-
ND6, CytB, COI-III, ATPase 6, 8), 2712] rRNAZ )43}
= FAAK12S, 16S) 2 22709] tRNA S22 28]3 A
o] K99l D-loop FEo 7 FAE oA tHGardner and
Snustad, 1984). =2 & 7PEdl= & DNA HT} mt DNA
7t & Fold, A5 2 AdA0] & FoE dHA A
“HBranicki et al, 2003). =3 dutxo g B 7)Mg
o] copy 7} w9 @2 3 DNASR= €2 AX & v
ZEgo} &7 B 4 nEZ=goks U4 mt DNA
£zl 3lo] & Bol3 v|EFZEEol DNA E7IMEs
o] &%k PCR #42 SFwhdol v a5 oz
USH A Rodriguez et al., 2005). &5t =) A7A=
of oaf Biie ZF3Hel Bg AFZA Min 5(1996)
& RAPD 7|H& o] &3l 39, AlE, WY 2 Ak 4
=F §79 FITWES B3 3 bl 92y RAPD wHA
© PCR F¥zxzdol di-¢- wizsta d#e] Add 2 =3
o] mihg- w2 Zlo] A SE A Z = o](Yu and Pauls,
1992) @A) o] W2 FFIdol| ALY ARHA &3 9l
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o} FHZl] Shin 5(2006)> mt DNAS] cytochrome b(cyt
b) FAAE )43 PCR-RFLP Ao =w 4% &5
o] ZFWAE B vl ok B AFE s 2 9
559 3 &8 F e R AIsla gt
% 5 o] Z(species-specific) &F T &F #AFE DNA
marker WS EZ 02 mt DNAY 128 rRNA £-3419]
F71ME AR} B AFAEAE ©]83 PCR-RFLP &
FE 7S Ndsiaar gtk
e 2wy

AR

2(Bos taurus), S A|(Sus scrofa domestica), (Ovis
aries), BAx(Capra hireus), A& (Cervus nippon), L (Equus
caballus), S(Gallus gallus), 2.2)(Anas poecilorhyncha) 2
AHZ(Meleagris gallopavo) 5 57 6 2L 7125 3
o % 9% AsAd g 9859 FFaE A}
£ FA ASEA darvle FRUEEA Gur)E £
IMERY WS R TSt ARSI, Hav)
€ 5 vABIERE A8 E AT wlo} o]gsigon 2
271, HRAAY), F437], AEaY], L33y, AHEs
7] 4 garle Al fE5EH e 97 B YES
SERE L HE 679 AFEE 4 A 2 A7
o A5,

HE Uy

1) Z2SXXOERE DNA 22| ¥ X

SAES 7 282202 RE mt DNAE X33k 9l
+ total DNAS] 2 % AA|= Miller 5(1988)9] HHH
= 97 FHstA AABIATE &, 252F 5 g0l 3019
lysis buffer I(155mM NH,CI, 10 mM KHCO,, 1 mM
EDTAYE #7138+ & homogenizerE ©]&314] 13,000 rpm
o2 FAFAZ o 3,000 pmO 2 1087 Y48y )
At ZAAE pelletol] lysis buffer 11(Tris-HCl, pH 8.0,
10mM EDTA, 10mM NaCl, 0.5% SDS) 4 mL%} proteinase
K(500 pg/mL)E A7}l 65°col Al 1587k v kst
RNase(50 ug/mLYS H7Fskar 37°CollA 1A1F Z) st
Sghafekeloll 6 M NaCl 1.5 mL9} chloroform 4 mLE 3
71k 14,000 rpmol| A 1083 DA E-E]3}aL 70% ethanol
2 AA 2 A3tz AxE DNAZS TE buffer(10 mM
Tris-HCI pH 8.0, 1 mM EDTA)ll 833t 4°C R34
T} 353 DNAY FXE+E spectrophotometersS ©]-8-3}e
260nm UV 350l &) &7g3tqict.

2) mt DNA 12S rRNA2| Primer A7
REESzlo} U] 128 RNA #8419 B4 d@7)Nde
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1?—94% Z3Z 3517112} NCBI GenBank database®] —‘iE]OJ

E A(AY526085), HHRI(AMI158316), U(AY858379), &
(AF533441), /\]-——(AY184434) THAY584828), & (AP003323),
2P (AY164517) 2 HAHZMGUS3741)e] =F 128
IRNA 9714E ARE "3l &3} 2L primer
-2 A A2Vt Forward 5'- CAA ACT GGG ATT
AGA TAC CCC ACT AT-3' & Reverse 5-GAG GGT GAC
GGG CGG TGT GI-3'.

3) PCR 7|'"HE 0|&St 128 rRNA |TX} &=

12S rRNA 82 E4 71X E 999 PCR $F&
23k Wkl F/4L- template DNA 50 ng, primer ZF 0.1
uM, dNTP Z} 250 uM, 10 x PCR buffer 2 uL 18]3 Tag
DNA polymerase lunit2 F7}sle] ZF BHE 20 L=
ZA8HTE PCR %8 9§ ¥ Perkin-Elmer
thermal cycler(GeneAmp PCR system 9700, PE Biosystem,
Foster City, CAYE ©|-83Jc 94°CollA] 587 o€ 3, 94°C
ol 187 WA, 60°CollA 187 = 28] 72°Co)| 4]

F-7F ANRS-S & 353 REESE U vpxEle g 72°C
oA sEIF 7kE % PCR ¥h3-& FH3IUT. PCR A&
9] FZoH 2 DNA ©He| A7|= 2% agarose gel A
71952 e

4) DNA ¥7|4%

12S rRNA -§-71z}e] RFLP B0)) 714 Agst B A
FELE %“—E urEdty] 98l 24 58 128 1RNA F-3
Aol =ZEAE-S ABI prism 310 DNA sequencer(Perkin-
Elmer)E ©]83t 7|4 E-& 4313 bioedit program
(Iris Pharmaceuticals, Inc., version 7.0.1) 2.2 %% 3+ ¢

71E-E Bl 8T £ 3 €714 F HlaES A4
Hof| oAzt Aol A Z'ﬂ"c‘)_E]T: T R A¥E
4 & = Z 7 (http://insilico.ehu.es/restriction/one_seq/
S} http://www.restrictionmapper.org/y2 &8sl I {Fe
Z Z4¥0] 7153 Tsp5091(New England Biolabs, Beverly,
MA, USA) Algtaiel 715979 F 7dol 713
Mbol(Fermentas, Hanover, MA, USA) A|3&4AE 22z A
I e =

SA ol HEtEs A

5) 125 1RNA RTIXf| RFLP £
PCR 8 % 12S rRNA §34te] RFLP 542 93|

DNA FEAEE A AEe Tips091 2 Mbol A4
& 747} o] g8t Attt ZF AgkE A 5 unite]] DNA
FELNE 5 uLE E8t HF Bt 10ulE 2%
Th3- DNA Z-2 £18l 37°C incubatoroll 4] 5A17F HH§-A]

At WHSAFE-E 3% agarose gelol]l A 7]9F 35l DNA
@H-E 283 o2 ethidium bromide® M3} UV %
ALZ BEE DNA profile2 AZ313HT 2 DNA T2

71 100 bp DNA £} v}# (Takara, Japan)S ©]-8-3}e]
FAsA

S5 FUMNE 2 SAE U g g wet 2
+ B d55o] v thgslE L AEEEI o] o]
£ 7 A 5% 9 8% E U] 89
3 St &7 7% 2 SAF 7 AgEelA Ak 1
77y 27k /72 28 FEEAY 7 SRS ¢8
2 AREE A9 ol HEFeE AEHE & e Ve
‘%01 %ﬁo}‘:‘r E3), 4, 08 2 Az 5
FATAV} =& 29T ]/\1 frefd +Er
0134-4 7Y FF rEE A% AEs 7
o] 83¥. B dAye U]E%EFAO} 128 rRNA %ﬂz}
oA % Eo]& PCR-RFLP markerg 7|U3}i o] 25
A& 2 7L SAE 9859 SFWES 913 DNA
EARIAZ &gz ]’TEEO]'S&E]' EHF 6E(E, 94,
HA], & ARE ) R IR 3FE, 2 7““’41)«] =
9Z9] 29 A} O 2 GenBank databaseoﬂ SE2d g =
Z9] 128 rRNA @7)XE(SF 950 bp) ARE 7|2 3}
T FFEHE HEHY Y E7IMYE 9 Jhed oF
445 bp 37]9’1 HAE FE37] Y8 primers AAIBIL
o] primer & TSI F2] Aoldk S5 AR E i
o2 54 128 rRNA 34 49L& PCRE 553 27
Fig. 194 Bz uie} o] o3 d =7]9] 125 rRNA
DNA ©Ho| FAg 9F RHFoi FFHoz FFHS
ok E3, 5% 7ol 12S RNA F32F] G7IME Aol
& 793l F 7+ 5o]& RFLP profileS W=3}7] 93}
o] 9%9] PCR ampliconsdl] TH3F DNA @74 E-S E4
3t F GUIME AfolE Bt F7IM BN B
ATtol] o83 Txp50919t Mbol F E52] AkEA H7)
AME AAFHE Ul 2= Fig. 29 2T
A7IME HlmEA HR At EfFo
% 7P80] 7s% TopsS09l Algtasd 2 7ia/Y & 7hE
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Fig. 1. PCR amplification of mitochondrial 12S rRNA gene
in nine animal meat species. DNA amplicons were
analyzed by 2% agarose gel electrophoresis. M: size
marker (100 bp DNA ladder).
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Fig. 2. DNA sequences alignment and restriction enzyme recognition sites of mitochondrial 12S rRNA gene among nine different
animal meat species. Closed boxes indicate recognition sites of restriction enzymes.

0] 7F5% Mbol AIZEAE 27} AWale] 9F3be) RFLP
profileS H|WEASATE HA Tips091 AFFEAE o]&
3t 9%2] DNA S5ES 742 dadgle o 65(%
A, HAL % AR, 29 ERFAM 4 £ 5ol
RFLP o] Batso] &F o] 7Fe3l9a 3% 7}
e BT BT $YT RFLP band7} HEH F7h
o] Brbsdtth(Fig. 3). 283 Mbol A|FEAE o]
&3t 9% DNA SEZES 247 AYst 29 o, &

AUzx 359 7tERM T8 5olH<Q RFLP

2 @
orofile] ZFEE o] 322] 712F 7ol AWo] 71sEua

B2 9% X{-FollA = Y3 DNA profileo] 3215
o ¥+ o] BrbsslthFig. 4). ¥4, TH47FY £

b 7o) 7hed Tpsodl AFELE A B¢ F3t
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Fig. 3. RFLP profiles of PCR amplicons of 12S rRNA gene
digested with T5p5091 enzyme in nine animals meat
species. M: 100 bp DNA ladder.

Table 19} 20} 18y} DNA ©H 7130 Ex13Fe] =27]
7F A2 dHES 49 AwbEQl 1-2% agarose gel Aol
] DNA band’} 50| ZAEEHA] ko) 100bp o1
of ¥z}#o] Bl Z DNA band FHo.82% 371 7o)
7Fsdt & 5olA%] band WIS B F3 7ol

3 Fssgnt =9 HER
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9] F3t o] 7Fsd Mbol

ARase AR A3 A oledos dusis #Y
DNA €2 2719 8 Tube 19] ANBISE 5, she

64 B 380 bp =L71¢] %34 270, &= 7, 155 2 277 bp
A719] & 3l 283 AWEE 67, 161 2 217bp =
719l &8 NE 44 Jello] olF 34 7iERte F
7h80) 7Fsstatth. 22298 mt DNA 12S rRNA -3
A& ©]4g PCR-RFLP 24Wie} 54 Alghas Tsp5091
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Fig. 4. RFLP profiles of PCR amplicons of 12S rRNA gene
digested with Mbol enzyme in nine animal meat spe-
cies. M: 100 bp DNA ladder.
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Table 1. Inferred number and size of restriction fragments
following PCR-RFLP analysis of the 12S rRNA gene
with two restriction enzymes (75pS091 and Mbol)

T5p5091 fragment size Mbol fragment size

Speices (bp) (bp)
Chicken 444 64, 380
Duck 439 7,155,277
Turkey 445 67,161,217
Horse 19, 45, 185, 202 451

Goat 14,23, 40, 46, 54, 262 439

Pig 183, 256 440

Sheep 14, 24, 46, 94, 262 440

Deer 39, 54, 346 440

Cattle 14, 40, 46, 68, 114,158 440

3 Qag % A8 5 0 8% o) S f8
% DNA ¥4} v1AZ A58 5 98 Reg Ages.

n E

3N¢

T FAHE 71 ARY dgd] ot ds 2 A
o th AH|ARe] BAle] FHEHI e Aels, &
2359 FEA AEIA] ti3E TL48 AF 5ol T8
ol477} =31 AQuk(Hird et al, 2003). AEFo T ZE
5 2 ST AIE) A S8 A8y S5 Ve
22 HPLCY 1A% A Z=ZvtET# ], SDS-PAGE
2 IEF 59 A7]9EH 283l ELISAS] HYaL £4
H 5ol AHE-HA gtHKnuutinen and Harjula, 1998).
gt o] VlEEL 25 9d 24 9 F2A zlold

£ F 5ol AL AEded B3HE T 3o,
7FsAE HA 2 55 i F 5ol ol
< o]&ste FFEo] JhsdtAT o)F EfSolY 7t
& SAF tsiMe P FFAEe] oA A
o] 3] At} o] L2 o|FRe v T did
profileS )¢~ B3} banding patternS WYERJO] O E F
ozRE fHE L7 duidolgte F FolF dud
bands} £3] FHE G s|Ho] ojHa, 53] EA
g FAolA Tl W\ 9 e84 A profile®] 2}
& do7|7] wEoltkHird er al., 2003). 12t} DNA
= 7heelvt 82183 SAIFAMARE HEe] Theste &
BEwTh JoiFoz HgE EAjola 4 o B2 A
4 FARRE AU o] F33 ZEHAV TPk
ZF Qo o] hsdt EAESE 7 o8
g DNA &4 B} A% ggsla A & S50
¥ 7lgolgtal & 4= QltH(Aida et al, 2005).

1Eet FEFY SEE % EANETE e
= DNA hybridization(Chikuni ef al, 1994), PCR assay
(Calvo et al, 2001), RAPD fingerprinting(Koh er al,
1998) @ DNA sequencing(Colombo et al, 2002) 5°] &

o o dr

o

2 AFAEC] 2d) RuEfoy ol EAuE 747}
o] AAHE 23 ki & 4= Stk PCR-RFLP %y
A AAS IHERD AFAT 0] Eof H8F
ol 71&= 4HA AthMeyer er al, 1995; Partis et al.,
2000; Girish er al, 2005). Y& o] Chikuni 5(1994)&
Apal A|FEALE 0145 PCR-RFLP Y22 ZARA7}
- e % G4 VE FEHEHUR Yobrt Chung T
(20002 MCIR EA4d §-#2ke] PCR-RFLP W} E o]
3l g A E Y HJur|ERE EHE F
U= i) FZ4E 7EE B g b Qlth

nEF =20} DNA(mt DNAYE 3] DNAJ] v]s)] A|E
% copy 7t BREE HAE G HT oF 800-1000 1E
Z=glo} &A1) @rIAEEo] oF s-108] = e} 7
Mg HolAo] w1 B3|, TATAY} i LA F7
o] &I Ho)oj A (Kocher et al, 1989) 7|&2] &)
DNA(nuclear DNA) #40]] Hl3] Ho} o] & FolZH &
AL Ad 783 BAEA D & 5 ATk (Martin ef al,
2007). Zt mt DNAE ¢F 16,500 bpe] Y o|FEAT
22 1289} 16S F 25 rRNAS}F 227)] t(RNA 18l 3
Fako] Fag a2 cytochrome b(Cyt )} ¢
23k 2 ATP §A4EA T 137 eud 453 fHxk
2 FA=E %] tH(Gardner and Snustad, 1984). “1E<t
HEZ=gol DNAE 743k F32 7ked] F2 mt
DNA Cyt b FAA} HE34ES 93 § 5ol8 EA%
A2 dd] o] 8% o] Yrh(Bellagamba et al., 2001; Aida
et al, 2005; Shin et al, 2006). L&}, mt DNA 12S
RNA K& 16S rRNA 222 0|83 5o B3l
A7AT= @AZMA ol vEe AAelth A Girish
=(2005)°] A2 % mt DNA 12S rRNA §-7A2}2} PCR-
RFLP 82192 Alul, Hhal, Apol & BstTI 4%52] A3k
BEAE 77 ol g3l B3 1 2ABAVT R &
7|9} Buffalo & 18]31 F317]9} 2ES9] 457 552
Ao s 3 SF Y-S B3GRl At gl
< Hojt}. &7 o] 128 RNA 39 F FolF
t}AE 0|83l Lopez-Calleja 5(2004) k310 2 HE]
HAa3E AZ3YI, Martin S(2007) vigAE W F
B4 dESd U 9EEE T EE FYsth =
3, Abdulmawjood®} Buelte(2001)2 12S rRNAS] PCR-
RFLEACZ A4S, 71ES B B2F g¥0] JolA vj
T AT QWAL e F @ o] ol (Helix pomatia
o} Helix luconum){tS B53F vt itk

E AFoME 7120 B9 mt DNA Gy b -FAAE
o] g3 &% hEY v B} tefsln A2 &%
Y LR SEEY] 484, AT A8A4E Al
13}7) 8l 4 SAEY YR80 2 P g 20]
= ZRF 633 ZFER 359 SFE25E mt DNA 128
RNA G718 B4t} 183l ol & 959 §5 7
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H7IME XS vlwg A el SR AFEA TR
H Tps09lS E55F 182l Mbole 71EFHol14 DNA
profilec] F3F Solda ApEYS B ol F 7FA Al
FELE 247} o]&3) PCR-RFLP 7[Ho2 75 o
g §F1PE0] Jhssithe AlEe AMS TS &
3], mt DNA 12S rRNA 737 & Eo|3 ExEA
Ay TS AX £F 7ESAF T O A
A5 59 FEAR HHox v a9z AMEE
JE Bojnt.

olate] A7 ATZRE] mt DNA 128 rRNA f-&7}9)
% 1+ 97148 WolE ©]83h= PCR-RFLP #4171
2 mt DNA Cyt b F72e} 37 F Sold ERAFEAZE
A A5AE 2 A SEAERY $F 2 S3ES
AT A, W, AEAH 4 A L WEVER
A-&37F 7Fed 3o ZIEn. 53], mt DNA 128
rRNA #77}e] PCR-RFLP ¥ARA= 2T /314 <
JdEAY ABAE Zhe 5F F3 2ol 783 W
Hoz A% 9 f7FeAdoM et d88 3 Soh
AFe] AEBAC e YA HAF ol anHoz &
§% F US FHo=E AR

e e 4

o of
|

ra

7= mt DNA 12S rRNA -##}2] PCR-RFLP &
183le] Tk 4549 2 A% A1 SAE
@ A AR ¥ 55 L 5% 7

N rfe

o x
ﬁ%ﬂ
ilfed
.

B7)es Eslr] Aste FREHAT FdA FEH
T ke 9FF 2@, 94, % U, T AR H 2
‘E] m x)

2 AW z)o] SFZHE] 12S RNA F3A1e] B4 ¢
71EE £33 primerE A7) A|2Fste] PCR-RFLP
A& AAEET ZF FAIEY] 2/ 02 HE genomic
DNAZ F&3)3 PCR F ¥M3-& =331 & ozl PCR
ZZEAE(SF 455 bp)yS TspS0919t Mbol Atasrz 24zt
A3t 43 Tpso9l Agtaie THF 65004 18
I Mbol AFEAE 7VEF 350N HE3 Aol B
o] % Eo]2Ql PCR-RFLP profiles 7A&3dlc). what
A B dAFoA sREEE 128 rRRNA FAAe] & Sol3
DNA BAEAE 25 98F 9 /18 SAF] 55 ¢
=Z o ol-¢- 583 & £ 772 DNA markerZ ©]
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