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PCR-RFLP Identification of Prohibited Animal-derived DNA in Animal Feeds
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(*lFood and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department,
“Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now Ministry of Agriculture, Forestry and Fisheries of Japan))

In Feed Analysis Standards detection of prohibited animal-derived proteins by PCR is
determined only by amplicon size. = However the determination of only amplicon size may make
a miss judge to determine the same size that is non-specific amplicon, it is necessary to confirm
whether or not the positive result is due to a non-specific reaction. = DNA sequencing is the best
method, but it is not suitable in routine analysis. Restriction enzymatic fragment length
polymorphism (RFLP) is suitable method for identification of amplicon because it is easy and
quick. A method for confirming identification of bovine tissue in animal feed has been
developed on the basis of PCR-RFLP analysis in this study. = Amplicon by mammal-specific
primers was identified by restriction enzyme; Smll and Mbol. = Amplicon by ruminant-specific
primers was identified by Binl. Amplicon by cattle-specific primers was identified by
Hpy188I1l.  This PCR-RFLP method, which ensures identification of prohibited animal species

in feed, is useful for enhancing the reliability of feed inspection for BSE prevention.
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5. 9 LTHEEEMORIERR, —KMICy—7 =2 AKX BV OMREIT> TWDH M, H
WA W TIIFT LR TH 5. WIEED ORE ST XL HEIE, FFRAISZE > TH—
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% 2T, 4 I8 PCR ¥IEFEY) O HIFREEFRGINTIZ X o C, WIEEYOREEIT5> Z £I12 LY RFLP &
(Restriction Fragment Length Polymorphism) % H 72 38GE Tl {# 72 PCR s O HE 7R nit% IMDREE
T2l THET S.

2 EBRAE
2.1 A ¥
1) TAE (tris-acetate, EDTA) #&E K
S50xTAE (=v AR v—r8) 20mL Z/KTAHRL T 1,000 mL & L7-.
2) 25%7 Tu—RAT )L
Agarose L03[TaKaRa] (¥ 517 /31 A 8) 2.5 ¢ % TAE #&fE{Z 100 mL (Zh0 %, INEAL TED
L, VDRI 3~4 mm 2725 X5 F VBRI LiAA, Tl a—AoMIZxian Ab
ROWESEEICT—LEELIAL, BRICKE L CTELIET.
3) 5%T Hu—RT)L
Agarose L03[TaKaRa] (¥ 51 7 /34 A 8) 5 g % TAE #E#E{Z 100 mL 120 %, IEAL T L,
TNDIELZIN 3~4 mm (2725 KO FATBEARUZ R LiAZy, Fv s a— DI NS 720
FIOBEEICa—2EELIAKR, HRIZKE L TELI®T.
4) ESUKEN AR
6xLording dye (& 1 7 /A A #l)
5) TNV
HAb=F Y7 A 10mg Z P L727K 1,000 uL 1IZIEN L CRIb=F U AR =R L, £H
RFIZ Z D JFRIK 50 pL (& TAE #%fff#% 1,000 mL Z 1 2 TRk & L.
6) PCR i B AmpliTaq Gold (Applied Biosystems #)
7) PCR FEFE R 10xPCR Gold buffer (Applied Biosystems )
8) 2 mmol/L dANTP Mix (Applied Biosystems %)
9) 25 mmol/L ¥ift~ 27 v & (Applied Biosystems )
10) 774 ~—HiK FHEWREA T 7 A4 ~—%F (2 pumol/L), KT 5B HT 714~
—xt (2 pmol/L), FHHHT 74 ~—xf (2 umol/L) (\T41H BEX )
11) Bt £ b= FU 7 DNA (BEX )
12) PCR Sk
7K 4.7 uL, PCR #EfE % 2.0 puL, 2 mmol/L dNTP Mix 2.0 pL, 25 mmol/L ¥Efb~ 27 R 7 A 1.2 uL,
2umol/LS 77 A ~—¥# 4.0 uL, 2 umol/L 3> 7" 7 A ~ —¥&#K 4.0 uL 2 N PCR it %R 0.1 pL
(0.5unit) Z PCR 5= —7 1 KH7- Y OXEFEE LT, TNENMERE O &% 8-> TIEK
~Afr7uaFa—7 (FE&15m) M T, ROBEERHLL-.
13) DNA /3y F-R~—»h—
100 bp Ladder (100~1,500 bp (base pair)) K U} 20 bp Ladder (20~1,000 bp) (& 71 7 /N4 A1)
ZREH L.
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14) K BREEMAK (EERRKE (121 °C, 1540) L2k (BXizEE 5.6 pS/m L
T (BT 18 MQ-ecm L 1))
15) HiIBREESR

FHEWRRMAE T T A ~ —BEEY A : Smll, (New England Biolab ), Mbol (¥ 7517 /34
FH)

K5 B A 7 7 A ~ —¥EEEM A « Binl (¥ 51 734 A1)

BRI 77 A4~ —IEEMH : Hpyl188IIl (New England Biolab #)

22 EEMOHRE
1) DNA HihE2# : Applied Biosystems # PE9700 %!
2) ERUKENEEE 7 KN 28 Mupid2
3) ERUK#E)NZ — ~/f$27X7ﬂA 7 h—#  AE-6911CX

2.3 HEBRGE
1) PCR )i
i) PCR )i 18 uL % PCR F=—=7 (% 200 uL) (2 A%L, DNA #EHK 2.0 uL #1 x TR
A L, PCR BUSMIHET 230K & L7z
[RIREI, BRI 2.0 uL 2 & 52> U8 PCR KGR 18 pL & A7z E L5 D PCR F =
— 7NN A CRERICEREL, Bt 2 L=, £72, K2.0uL 2H 522 T PCR X
JGHE 18 uL 2 AN Z N F B D PCR F = — 7N 2 TRARICHERIE L, FErE ik 2 i L
7.
i) EUEHATE, BhE sk FRIE J OV M%) BRI D A - 72 PCR F = — 7 % DNA Hiiig 3 & |2 A4, 95 °C
(9 min £REF) — [92°C (30 s f~fF) —55°C (30s PR¥EF) —72°C B0OstrEF) | @S ¥ A7~
V) —72°C (5 min f£Ff) TPCR KISEIT- 7.
2) EXUKE
i) TAE B 2 AN T2 IKEEIC 2.5 %7 B —AF L& A, 1050 100 V O EEEZ T
TPikEh &4 L7z,
ii) PCR SUGDRE T L2 5 pL 12K 1 pL O BXIKE A AR IREZ N2 TRAL, T0O4
BET AR —ATNDOT = VITEANLTZ.
iii) DNA 43 &~ — % —I%, 100 bp Ladder ¥ 7= /% 20 bp Ladder 2.5 uL 124 1/5 2 D &5 vk E)
BRFRZEMZTHRAL, TOREET IR —AFVOU = VIZIEALT.
iv) 100VODOEEBEEZNT, 707 /) — LT NA—RNT )b 3~4cm BEIT 5 £ TH 20
Sy ERUKE 21T - 7.
V) BRIKBIOKT LieT Ha—RA7 0% 7 VGEIRITHK 30 iR LTt Lz,
vi) BRUKENINNY — AT LA TT Hu— A5V 312 nm QN A B L, DNA 751
BV —H— O/ RALE & LT DNA B3 A X2 3RE LT,
3) PCR BT X % BaiE o) E
b5t i DNA @ PCR ¥R FEY & Al —H A XD PCR MIREY D S 2 & iR L, M
Hi S 4172 PCR HEIE SR % TR O il FREE S8 SO I B30 2 B3R BSOS R & L7z
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4)  HIBREE SR SOG
i) BRSS9 pL K OVE 7 T A ~ —HEIRFEMI SRR T 5 & il %% (Table 1) 1 uL % PCR
Fa—7 (F&E200pul) 2Nz 7=,
ii) i)%Z DNA HAME3EEIZ AXL, 37°C (Smil DA 55°C) T 1 RS &7z,
5) ERIKE
i) TAE #EER 2 AAVIZUKENEIZ 5 %7 e — AR5 V% AL, 1043/ 100V O EE % 23T T
TlwkEI A2 L7,
ii) DNA 77 &~ —7%—I%, 100 bp Ladder, 50 bp Ladder ¥ 7213 20 bp Ladder 2.5 uL {247 1/5
BEOBRIKIAOERKEZMAZTIRAL, TORBEET Ao —RAFLDOY 2 )LIZIEALT.
iii) I BREESRE BS DR T L 72 SOBR K OVHIBREE 32 SO 24T > CTUNVR W EEIE SUGHE 5 pL 129 1
L OBRIKINHOEREZNZTRAL, TOEBEE2THa—2AF V0T = LIZEA L.
iv) 100V OEEBEZNT, 70T T = /) — LT NN—RNT 2D, 5~6cm BEIT 5 £ TH 50
Sy Rk &2 1T 5 7.
V) BRIKEBOK T LieT Hu—A 7 V& F VY HICK 30 43[R LTt Lz,
vi) BRIKEN Y —VIRE VAT ATT Aa—RA7 I 312 nm OSRNRZ BB L, DNA 71
/Y= =D FE L L TDNA WA XZREL, 7 —FX—ATHER LW
HERZEOW R BBRH SN T D0 %GR L7z,

3 HBRRUEE
3.1 FFRMEORES
vy, T4, eV, bR, v, Uw, UHF, vUX, Jy PAROIZVIOI a7
DNA (UA'F TmtDNAJ &\ 5. ) IZOWT, 774 ~— THIIE S 1L 58514 Genbank (http://ww
w.ncbi.nlm.nih.gov/genbank/) X ¥ f#% L, CLUSTAL W (http://clustalw.ddbj.nig.ac.jp/top-j.html) Tkt
£ L, MIKENORA RESearch version 4.0 (5 —{b53 0 T3E) 2 W TR bl 22 hilBREE SR 2 /sg L7z,
2l BRI 32 U S 4L 2 PRI R O YA XL, Table 11278 L7z,
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Table 1  Predicted fragment sizes of the sequences to be amplified
by each primer set based on sequence map analysis

. restriction template DNA undigested PCR digested PCR
primet enzyme cmplate product size (bp)  product size (bp)
mammals  Sml1 cattle, .deer, sheep, 176 142,34
horse, pig, rat, mouse
goat 173 139, 34
rabbit 176 117,59
whale 176 -
Mbol cattle 176 148,28
deer, sheep, goat,
horse, pig, rat, 176 -
mouse, rabbit, whale
ruminants Bl 1 cattle, deer, 201 116, 85
sheep, goat
cattle  Hpy 188111 cattle 126 58,47, 21

[FIIRFIZ, PCR SR ZATVY, AR SR 3580 H L7z & OIZBI U TE 2 H SR BT il BRI 08 2 17
vy, ROBMEE TR (Fig.1~4).

Fig. 1 1%, I ZHEWHREH T 7 A ~ —%F CHEME L 72 PCR FEWIZxET 5 Smll DU CTH 5. AL
HRAER, BIX SmIZT55°C, 1 FELEE A2 L-bDThHD. vy, VI, eV, ¥¥, U,
75, Ty MU= 7 A2 mtDNA 13k O PCR EMIZ DWW TRIBRDO IR 2558 S 41, Table 1 IZ/R S 4
RS E VR L CRESNLAIM A X —F L. —F, UHF mDNAIZHOWTIE, o)
WL OGN R 203, ZH0bBESNTYA RAOWFETH-72. 7 YT mtDNA T2 T
%, B OEE® Y OO bhveiro T,

Fig2 1%, EHEHRHEH T 7 A4 ~—%HZx3 5 Mbol DU ToH 5. A XKML, BT Mbol
\ZT37°C, | FFELEEZ L7 DO THDH. U TIIUIMBMRE S, AL VBRBEL THESIND
Wrhth A Xe—%KL. ¥Hh, eV, ¥¥, v~, 74, vUX, UHFROT7 T mtDNA H
K®D PCR EMIZHOWTIE, BLAIN 6 OEEE Y YW S oz,

Fig3 1%, KT 28R HT 7 A ~—*%HZkT 2 Bnl OO TH 5. A IJRLER, B I Binl
2T 37°C, 1 A2 L7-bDTHD. v, ¥, BV YK X mtDNA H KO PCR EWIC
DOWTCRAERDUIW 3 HER S 4L, ZAUTBAN L VBB L TIRES DM A X & —&H L T
Fig.d 1X, FMMHH 7 7 A ~—xHZxt9 2 Hpyl8SII OUIWH#E TH 5. A IIARLEE, B IX Hpyl88III
2T 37°C, 1 BMLEEZ L72b D THD. 7 mtDNA KD PCR FEY CUIN AR S, Zhi

BLA X VBB L CTHEESNAIW A X —F LT,

UED LS, EOBRIZBNTHEIIVHRR L THEISNLIMA O A XL =KLz

LoT, ZOHEIZPCRBIEEYORIEIZAEH TH DL Z L WRE S, BifHk DNA REDE
FEZRODLZENARETHDL EB 2 BRI,
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cattle deer sheep goat horse pig rat mouse rabbit whale

MABABABABABABABABABAB

176-bp_
142-bp—,
117-bp—

Fig.1  Agarose gel electrophoresis of the fragments produced by Smll digestion of the PCR
product generated with the mammal-specific primers.
(A): undigested PCR products, (B): digested PCR products, M: DNA size markers (100 bp ladder)

cattle deer sheep goat horse pig rat mouse rabbit whale

MABABABABAB AB ABABABAB

176-bp _,
148-bp —

Fig.2 Agarose gel electrophoresis of the fragments produced by Mbol digestion of the PCR
product generated with the mammal-specific primers.
(A): undigested PCR products, (B): digested PCR products, M: DNA size markers (100 bp ladder)

cattle deer sheep goat
MABABABARB

201-bp—

116-bp—
85-bp—

Fig.3 Agarose gel electrophoresis of the fragments produced by Binl digestion of the PCR product
generated with the ruminant-specific primers.
(A): undigested PCR products, (B): digested PCR products, M: DNA size markers (100 bp ladder)
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cattle
M A B

126-hp —

58-bp _,
47-bp —

Fig.4 Agarose gel electrophoresis of the fragments produced by Hpy188lll digestion of the PCR
product generated with the cattle-specific primers.
(A): undigested PCR products, (B): digested PCR products, M: DNA size markers (100 bp ladder)

3.2 JL[EEAER

RFLP JEIC X D iR ARBRIE O BB E A AT 5720, H@EEHT X 2 LA 4 i L 7.

BLA e, BKAE R R OB FRE D Z 1 %I L7230 L0 Hhii L 72 mtDNA 3 QN2 K K& Y
% mtDNA (BEX #)DF 5 FidEH O mtDNA % N, STATENE N ERMOKFEN & 22t ¥ —jEfHE
Bl 2, RfLge 2 —, Ailatr 2 —, A4 HRE % —, RE 22 ¥ — K OFEEM
X —0 6 i BrE CIHFERBRZ I L 7.

EATREHE, FREHEZ 1 %I LB AR, BKAE R &K ORBIZOWTIE, SR AT K UEC
Peo THIH L7z mtDNA Z37E L, 2200 7 X A L7z 5 o7 iconC, BEMEOM
B AT OB MR L%, FRBR=EICEAM L. K&K OE mtDNA 12OV IR O Bk
ay b=V ESELT, [FERICEEMEAZ MR L%, SRBREICEMm Lz,

Table 2 [Z/R L7 X 912, £ TORBREIZHB VT, PCR EIEEMMAHIIREEFIC L > Tilbsns &
HEINDHOIZHOWNWT, R THESNDIMA YA B EonTz. £, UBahz2ntBEIR
HHDITONTIE, ETU SN IERD bNRhoT-.

YL EDRIFRBR O RS D, RFLP % W 72 fesB il BRiE O R BLE 3 sl S v 7.
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Table 2  Collaborative study results of PCR-RFLP

mammal-specific primers

Lab. N Smil1 Mbol
ab. No.
1% bovine meat meal added no bovine meat meal 1% bovine meat meal added no bovine meat meal
Formula feed Porkmeal  Fish meal pig sheep Formula feed Porkmeal  Fish meal pig sheep
I 1 (@] O O (@] (@] (@] ©) ©) x x
2 (@] O O (@] (@] (@] @) @) x x
) 1 (@] O O (@] (@] (@] @) @) x x
2 (@] O O (@] (@] (@] @) @) x x
3 1 (@] O O (@] (@] (@] O O x x
2 (@] O O (@] (@] (@] O O x x
4 1 (@] O O (@] (@] (@] O O x x
2 (@] O O (@] (@] (@] @) @) x x
s 1 (@] O O (@] (@] (@] @) @) x x
2 (@] O O (@] (@] (@] @) @) x x
p 1 (@] O O (@] (@] (@] @) @) x x
2 (@] O O (@] (@] (@] ©) ©) X X
ruminat-specific primers cattle-specific primers
Binl Hpy 188111
Lab. No.
1% bovine meat meal added no bovine meat meal 1% bovine meat meal added no bovine meat meal
Formula feed Pork meal  Fish meal pig sheep Formula feed Pork meal  Fish meal pig sheep
] 1 (@] O O (@] (@] O O
2 (@] O O (@] (@] O O
) 1 (@] O O (@] (@] @) @)
2 (@] O O (@] (@] @) @)
3 1 (@] O O (@] (@] @) @)
2 (@] O O (@] (@] @) @)
4 1 (@] O O (@] (@] O O
2 (@] O O (@] (@] O O
5 1 (@] O O (@] (@] O O
2 (@] O O (@] (@] ©) ©)
6 1 (@] O O (@] (@] @) @)
2 @] O O @] @] ©) ©)

o :Amplicon was detected and predicted size fragment is detected.

x :Amplicon was detected but predicted siza fragment is not detected/
— :Amplicon was not detected

4 F&EOH
R B O B ok DNA I3 17 % RFLP & H W2 iERRRBRIC DWW THF L7z & 24, kD
FER AT
1) R RMEOE Y H K DNA RIHIEICEA SN TWE 7T A ~—IC L 0 EE I h 2 KB
IZDWNWT, T—HR—=RZTEOHIBEEY ORI Z L, T OHIEEY % Yl rlE T &b 5 Hil R
BERERBLIZEZA, BB T 7 A ~—I22WTIE, Mbol XU Smil, X3 2 B~
FTA~—IZOWTIL, Binl, ‘FHF DNA BRHH T T A ~—I22\TIX Hpy188III 233 rl HE T b
o7z
2) F—HR—RALVBBTELHIREZICONT, EBEICONTEITo-EE, MELBY ORESE
Y CASY (Wl
3) 6 RBEBICLDLFERBREITo-ER, 2B=ECclESN/BREE 8L, RBRoOFIRMEN
el S 7=,
4) LLEOFERNG, FHLEBWMEAE T 7 A ~—0 PCR HEIEEMICOWTIX, HIREESE Mbol K Y
Smil, KT H2EMH T 7 A ~—O PCR BEEEMIZOWTIE, Binl, FHKEDNAKRHEHET 7 A ~
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— @ PCR ¥R PEWZ DN TId Hpyl188IIL 78, flEsdilBRICE AT 2 DI+ BELZ/ALTNnD &
ZZ b,

X B
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