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Abstract: To.establish an ERIC-PCR molecular typing method for Campylobacter jejuni genotyping, the subtyping effect of ERIC-PCR
and biochemical typing methods were compared. Lis (5% orthogonal text was designed with four factors of M g*, dNTPs, primers, TagDNA
polymerase concentration to explore the suitable reaction conditions in a wide range. Then three factors (except the primers), template
concentration and annealing temperature were further optimized in a small range for final optimization. The optimized ERIC-PCR method was
used to typethe 24 C. jejuni isolates. According to the results of biochemical reactions to biochemical type the strains, the ERIC-PCR molecular
typing method was compared with biochemical typing method. C. jejuni strains were grouped into 22 types. The ERIC-PCR method exhibited
better disciminative results in molecular typing with discrimination index of 0.92. The C. jejuni isolates were classified to 19 biochemical types
by biochemical typing method, which showed the diversity of genes in the strains. The ERIC-PCR subtyping method showed the genetic
diversity of the strains better than biochemical typing method, which was an efficient method for typing and tracking analyses. It was suitable for
genetic diversity analysis of of C. jejuni strains.
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X E N A A — R NSRRI . C. jejuni
AP IRPAPERR . R A (R K2 5%
02+ 10% CO, H185% Na) FIAK F#HE 14 e HA A 5 iy
B, FCPE AR I 2 I B f R L Z5 i BRPIR . C. jejuni
Iz AR AER AT . MERGHT AN AT (M K S HBIX, Hd
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A5 04T PCR, BA PR, fifESL . Bl
ERIC-PCR C 4 ¥ it J1] T~ &Il ¥ I 1% 9 i ( Vibrio
parahaemolyticus ) @, H. 34 2= 3 &F 18 ( Listeria
monocytogenes) Bl Y TIKE (Salmonella spp.) Fl.
K57 I# (Escherichia coli) 5Y4 fizis Fom B 4>
THRINFF . 1994 4 Giesendorf 5B 28 izl N
ERIC-PCR X} C. jejuni #EAT AT 9325 77 THI B 73 BUH 7,
Weijtens 551711997 4EABIE R T ERIC-PCR XI5 B A
BRI 3 HE 70 AR ARSI % 1525 S0 1 ROV
FAT AT RIS AR AR, § GRS 251
72 JEAT IR 800 Hr. 5 8 FLERIC-PCR /N —Ft
BEAL PCR, H =R ZHZmm, Kl PCR K
AR Z P A, PR A v SR E R PCR S50 5
AR Bl b, b RS 25 a2 C. jejuni
[¥] ERIC-PCR 38735, SRJE WA S %77 553 C.
jejuni i FkiEST ERIC-PCR 73 BUFNAE by Y,  ELEC I
By BTV, O A i 7t BIBN E4T A 5 G PR A 43
B C. jejuni. FRRIEAT ML VRE B LR AL RTAT I
%o

1 MRERE

11 AR5 A

C. jejuni B HR(EIE AL 1 B R TY1273 A5
UEF B ARSI 3 B i AR, W i
Skirrow I iR 755708 . APl Campy AL %5 /15,
FHEH PCR k% el JEIEN4] DNA Pt i
EAE BN R AR AR ARAR, Mg (25
mmol/L). dNTPs (each 2.50 mmol/L). TagDNAT# (5
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UluL). 10xTaq Buffer I E KR AEMEHE AR AF
B 7 B AHDCEE TR B AT AR YU A R A R 2
H], FEFRAEE BT RS SR A0 AW E H
ARZZENT], A BIAR DGR A Pk B b
EA AT 514 ERICIR (ATGTAAGCTCCTGGGG
ATTCAC) Fl ERIC2R (AAGTAAGTGACTGGGGT
GAGCG) PIpfE K IR Ak

1.2 #A4% DNA By $2 B

PRI RVE L BOETR . VT, B ERAR, R
Ji 47 Y A T i DT ZH DN PRas S B e 1B S it
HZH, -20 CIRA7% .

1.3 ERIC-PCR R.Jv 1k % # 203 I

X6 S NiAA 22 HTK) Mgt~ dNTPs . 5| 41411 TagDNA
REWE 4 PR, S Lig(5HIEATR AT 4 KK 4K
I (R 1, 84D, AT 3WESR, &Nk
HH S DNASO ng, KAt 20517 3 IRE K
BRI 145 B AR B IR0 2 B H TR .
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Table 1 Factors and lewels of orthogonal experiment

K M P dNTPs rTaq Primers
/(nmol/25 pL) /(nmol/25 uL)  /(U/25 uL) /(pmol/25 uL)
1 25 2.50 1.00 10
2 50 5.00 2.00 20
3 75 7.50 3.00 30
4 100 10.00 4.00 40

1.4 ERIC-PCR Z& fH 4t fik e

1 25 pL Ak &, BBt R 73l 08 8. 24, 40,
80. 120. 160. 200. 240. 400 f1560 ng, 241
PREF—2, RERRE TR B MoP R FE A
1.50. 2.00. 2.50. 3.00. 3.50. 4.00. 5.00. 6.00. 7.00.
8.00 f119.00 mmol/L, F & 2&MIRkF—3, X Mg? itk
FEBEATIRAL; K TagDNA F &3 7% 4 050, 1.00+
1.50. 2.00. 3.00. 3.50. 4.00 fl14.50 U, Mg &A%
FF—2 X TagDNA g st AT A K dNTPs ¥R 7
¥ A 0.05. 0.10. 0.15. 0.20. 0.25. 0.30. 0.35. 0.40.
0.50. 0.60 Al 0.70 mmol/L, & &M {REF—5, Xt
dNTPs W HEHTOAL; KB K IR 231l 26 C.
28.4°C. 31.2°C. 343°C. 356 °C. 36.8°C. 38C.
40 C. 42.4°C. 452 ‘C. 46.8 ‘CF1482 'C, H'E%
PR —2, WHR KR FEFATIA. PCRY IR
2% B IEWE eI r K fa S FH BRI R ARAN 3 BT W %2
DNA FR4U &L .
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Fig.1 Report of API Campy biochemical identification
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¥ 1.3 W TR 20 TR AS ik Iadh Rt TR il (&l
2). HE 27 A, A5 9. 15 ¥ RS, %%,
#H A0 AR R 155 46 3 IR I b fRFE R 4T (1)
FREME. RS ARIL MoP ik BE AR (VR II H B B2E 7
Mg? iR FE i A3 8RB s T Mg? IR EEAR ),
H2 M5k B AR 1t 22 . W RFRI A 75 3 IRE R

I R L A B AT AL AR IR 4.
R AT RIH G 1578 HE WG h HL B 2 H B 26 4K
%, NITREAEEAE R, Ftdue et
A ARG EREAT HE B R A

®2 THEHES BT

Table 2 Sources of C. jejuni strains

Wik RR REHT B

Clo1 E#%GM 6711144 Campylobacter jejuni subsp jejuni
CJ02 L#%8M 6711004 Campylobacter jejuni subsp jejuni
CJ03 L#B A 4701104 Campylobacter jejunisubsp doylei
Clo4 E#HBP 4711144 Campylobacter jejuni subsp jejuni
CJo5 L#THA 4711004 Campylobacter jejuni.subsp doylei
CJo6 L#THA 4711004 Campylobacter jejuni subsp doylei
Clo7 AfETS M 4511144 Campylobacter jejuni subsp jejuni
CJ08 & el 6511144 Campylobacter-jejuni subsp jejuni
Cl09 4 fETS M. 6101144 Campylobacter jejuni subsp jejuni
ClJ10 & &% 6511746 / Campylobacter jejuni subsp jejuni
Cill R ¥4 6531104 Campylobacter jejuni subsp jejuni
Cl12 &% 4100004  Campylobacter jejuni subsp doylei
CJ13" 228/, 4501004 Campylobacter jejuni subsp doylei
Cl14 =981 4501004 Campylobacter jejuni subsp doylei
Cl15 =M B 4501004 Campylobacter jejuni subsp doylei
Clie =M P 6731304 Campylobacter jejuni subsp jejuni
CJ17 =M A 6721706 Campylobacter jejuni subsp jejuni
Cl18 X/B%GM 6721547 Campylobacter jejuni subsp jejuni
CJ19 XK/ZR%MH 6510744 Campylobacter jejuni subsp jejuni
Cl20 X/RT™ 6511106 Campylobacter jejuni subsp jejuni
Cl21 XK/R™H 6501706 Campylobacter jejuni subsp jejuni
CJ22 XK/R™J% 6501706 Campylobacter jejuni subsp jejuni

Cl23 X/RT™P 6501704 Campylobacter jejuni subsp jejuni
CJ24 X /7P 6501706 Campylobacter jejuni subsp jejuni

% 3 API Campy KRR
Table 3 Results of APl Campy biochemical reaction

ik Y952 e Y952 Dl Y952
b . vl OBk O BR ARAE TR
i B A AR 5 B B i
URE Wi B ArgA L-4% 2 BR 7 Bt B CFz AR E (BRI
NIT FHBR 3R AspA  L-RAABRFBLEEE  ACE B (L)
EST B B PAL BV B B B PROP B (R
HIP I R B 3 H2S H2S &9 = & MLT #%%ﬁ(@w)
GGT v-BBL A A B GLU #nEE (R CIT R (R
TTC =Rl {eiER sSuT Wi (FR) ERO uaFE (Hokitk)
PyrA ot ok B 1 3 Bk e B NAL  ZEwgBlBg (HA) CAT fisk B
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Fig.2 Electrophoresis products of ERIC—PCR orthogonal
design
: M: DL500; 1: blank; 2~17: 16 groups of orthogonal
text.

# 4 ERIC-PCR R RIRFIRIIZIT Lis (59
Table 4 Orthogonal design for ERIC-PCR reaction L16 (5%)

XI5 M@ dNTPs rTaq Primers &7 ¥ &% #
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2.2 ERIC-PCR & % kAt i 5

221 BAREaGH <

3 A, AR B 7E 8 ng NG RO B, AE
24~120 ng B ASEZ M PCR #5058 . BEAE SRR 21380,
PCR UL %18 . DRI B ST 4R 4E 24~120 ng
Z ],
222 Mg R E 652

1F 25 uL M AR 24 100 ng LRS-, A
AT W, M@ IRFEAE 1.50~3.00 mmol/L i}, PCR 31
(1) 26 BRI H A8 . 24 Mg? ik KT 3.00
mmol/L v}, [ Mg? R EER3G T, PCR 431 BI2%
HRAZ, HEE MEPWRE L Sk R e
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P, RS M@ E 3.00 mmol/L Ak &1 ffkik
.

3 TEIHRHRE R ERIC-PCR H k&
Fig.3 Electrophoresis.of ERIC—PCR products amplified with

different template concentrations
E: M: DL5000; 1: blank; 2: 8 ng; 3:°24ng; 4: 40ng;
5: 80ng; 6: 120 ng; 7: 160 ng; 8: 200 ng; 9; 240ng; 10;

400ng; 11: 560ng.
M |

2 3 4 5 6 8 9 10

S000bp

10006

[00Ihp
[ 4 AN[E) Mg”iREEHY ERIC-PCR Eg ;K[
Fig.4 Electrophoresis of ERIC—PCR products amplified with
different Mg2+ concentration

“Z: M: DL5000; 1: 1.50mmol/L; 2: 2.00 mmol/L; 3:
2.50 mmol/L; 4:3.00 mmol/L; 5: 4.00 mmol/L; 6: 5.00 mmol/L;
7: 6.00mmol/L; 8: 7.00mmol/L; 9: 800mmol/L; 10: 9.00
mmol/L.

2.2.3 TagDNA B2 095 &

1 25 pL Pk AR B 50 ng AR HE Mg ik J5E
3.00 mmol/L F¥j A b, H1I& 5 AT, TagDNA H )&
£ 0.50~3.50 U K% F PCR 44 80 R 5 A K52
iy, (B AT LA HA7E 0.50 U A1 1.00 U 4714 1) 750 bp
TR SR IR 23 TT R 2, T A 1.50 U PA_E R4
BRI AL — K TAERT 3.50 U AT DL R &
Y HEHRCR AR, K ZEMR D, FIY 1
AVRCR AT RS A, 8% 25 L Sevifk Z
1.50 U [¥] TagDNA fiff- 5 4 3 i
2.2.4 dNTPs iR E 69442

£ 25 pL A RHUSHR & 4 50 ng AR i M2k B
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3.00mmol/L. TagDNA & 1.50 U [fj2&fE -, HIE 6

AL, B ANTPs B (36 n, 4731 2&r 2 HAk
Ag =, AR FER T 4.00 mmol/L I} 37 1842k 5RAg 22,
DAL IHE M 3288 SR TR $% dNTPs ¥R i 0.25 mmol/L Ky
A& &R BRI

1 2 3 4 5 O 7 5 v 1)

S0006p

1bp

5 7N[E] TaqDNA ZREEEEHY ERIC-PCR FEIK[E]
Fig.5 Electrophoresis of ERIC-PCR products amplified with
different TagDNA polymerase’s concentrations
7£: DL5000; 1: blank; 2: 0.50U; 3: 100U; 150U;
5: 200U; 6: 250U; 7: 300U; 8: 3.50U; 9: 4.00U; 10:
450U

00bp

100Dy

100bp

6 AN[E dNTPs 7REZ A9 ER1C-POR BB ik [E]
Fig.6 Electrophoresis of ERIC-PCR products amplified with
different dNTPS concentrations

E#: M: DL5000; 1: 0.05 mmol/L; 2: 0.10 mmol/L; 3:
0.15 mmol/L; 4:0.20mmol/L; 5:0.25 mmol/L; 6: 0.30 mmol/L;
7: 0.35mmol/L; 8: 0.40mmol/L; 9: 0.50mmol/L; 10: 0.60
mmol/L; 11: 0.70mmol/L.
225 BXKBEGHT

HIE 7 AT, 43R KR AR 26 'C~38 CZ[Hlit,
W6 IR PR, PCR G2 M3, HE%A
THEMWE TR 2RO KT 38 CIRH IR AR 72,
o Z AN, T 46.8 CHE 8 45 SUERD
PAZE T EAE 48.2 "CUARHRE AT LAY the Hthm]
&1, C. jejuni 4748 AUIR R EAE 36.8 "C LRI BT
AR 18 R %45 35 COY SN AR R R KR

M 23 5 6 7 8 9 10 11 §2

S000bp

1000k

1

7 AEHRAGRE R ERIC— PCR Fajk[E]
Fig.7 Electrophoresis of ERIC=PCR products amplified with
different annealing temperature
#:DL5000; 1: 26 'C; 2: 284 C; 3: 312 'C; 4: 343 C;
5: 356°C; 6: 36.8°C; 7: 383°C; 8:40°C; 9: 424 °C; 10:
452°C; 11: 468°C; 12: 82T,

2.3 ERIC-PCR{A A thZ LR Fa %

o | 1 4

SONbp

o e e

- - - -
RO W =0 =5 B9 8N

100y

8 ERIC-PCR E & 14 SL i 8k E
Fig.8 Repeatability test of electrophoresis of ERIC-PCR
products amplified

B 221~2.25 BRI AT, RZ&HSIH) C.
jejuni ) ERIC-PCR AR % (25 pL): #itR & 24~120
ng, Mg & A 3.00 mmol/L, TagDNA &4 1.50 U,
dNTPs ¥ A 0.25 mmol/L, 514 (10 pmol/L) % 0.80
pumol/L, 10>PCR Buffer 2.50 uL, H: 44l KN 55 .
SR : 94 CHIAEYE 3 min, 94 CAPE30s. 35 °C
1Bk 1 min. 72 ‘CIEAf 4 min, 3t 35 MEH, &% )5 72 C
FEAH 10 min, FIEF=YIZE 2.0%50 AEFE U FEVK ARSI .

FHAITEEAL 1) ERIC-PCR J . S A4 TEAN RIS [RIEA T
4 P IR LARHIE AR R R e v, JL r vk AR 8)
BRI ERIC-PCR VA BT IIRR e, R
HATHF C. jejuni (115374,

2.4 ERIC-PCR K Ji 1k % th 57 A
T FH B 2 571 ERIC-PCR J52 JW A4 28 % A 52y =5
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FT oy 811 24 ¥ C. jejuni BT 38, 15 2156 F 5 0 J
REUFH C. jejuni DNATRSUELE (K19, ks
BB Gel-Pro Analyzer 4.0 #7047 (& 10),
BAEAMHT B 24 Bk C. jejuni AT 23 A 22 AN, ARALLE
16 0.52~1.00 Z[i], FHAZ Bk A Bm gL 2 =
P£, Hodr CJ07 5 €08 (JA]—kiJi), CI13 5 CI15
PR ClRl—RI5D PP TRl ARBLEEIE 1.00, FIIACH
el =AM UREULS] 0.56 B, 24 Pk C.
jejuni FIAr N AR, R HPEST LANEL KN e
T 7T AL 17 £k C. jejuni 2R, 4 BSRIET 9 M FE
fis AR NS T LA 3 RRE, SRVET R T H
AFER BRIV PR 2 AN, BRI R T
ke M8 RTLAE W, (A —FE kR R AR (5]
AR AL FEA R T 0.80, {HIFA—5E s 1.00, XFE
i ERIC-PCR 1] DUMRGF IR 7 H TRIR JE R 2 [ AR 1)
Ze ety AR TT LA H AR o SRR PR R ARAE CEAN [
PR, KR TR&EN 2. 7sh, BilgiE
— P S R 2 T8 AR UM /N T 0.80, X RE T
[F]—ANFE R r] BRI GYTLRAS [F]Y C. jejuni s

13 05 M 1% I8 |

9 ERIC-PCR [z R {ARHEYH HER
Fig.9 Electrophoresis results by the ERIC—PCR reaction
system
7Z: M: DL5000; 1~24: C.jejuniisolates.

B 10 24 ¥k ¢ Jjejuni Btk ERIC-PCR HBILER
Fig.10 Results of ERIC-PCR typing of 24 C. jejuni strains
CIAELYE 0.80 AF- BT 20, Wl LKEX 22 Y
(K1 C. jejuni 739 11430, AT BFEATRI )7 5 A
90.92, Mo FRRECOCT 0.90 BF, TR NI ER
AR RS, Rz BAa B i HE7 .
ERIC-PCR 7 Ry ANJR) s R 1 T b 2 1) 8 PR B ) 22
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J, MEPRE AR SRR Bk, A
KR AT 24 MREMRAIZET R, DAOEAT ERIC-PCR
RTTERIROR -

25 C.jejuni o EikE Ly IR

B 1 244K C Jjejuni TERELTEIGER
Fig.11 Results of biochemical typing of 24 C. jejuni strains
LA API Campy HAEAL S B S8R 04T A4k 0, 24
P& C. jejuni [ EST. HIP 1 CAT Jo M558 4= ABH P
A 18 MLIeas A FE, F NTsys 2.10 TR
S3Hr CULE 1), DIAHALIE 0.80 95, 24 £k C. jejuni
RT3 AR 194 AR, o 3e5E Oy C. jejuni subsp
doylei NP2 (B MRIS) 73 £E 7% B 247, 1T API %8 N
C. jejuni subsp jejuni VR BERR I LE 4 N E 2
A, Hoh CI18 HUphZH A% B.

3 g

3.1 fE4EH C. jejuni 4 B3 BLR (A REVKFE, (H2&
KBTI 15F FIXAAFI C. jejuni Bk HBEA K LT
MIRCR o RISk HRIE S, 40w R E T 51
PCR £ AR (rep-PCRO 1O fikrf 37 i FL Uk A (PFGED
M BNy 82 AP DNA FRCHEAR (RAPD) 021,
FZAL T H) I AR (MLST) 312553 ol ik
Z AT C. jejuni 11738, {H/2 AFLP. RFLP. RAPD
oy BUSEIAFAE DNA ZiE 2R . PRk, R
Z. RIS WA g 2 A, Ak
PFGE Hj BARBAE C. jejuni 73 HE s fr—Fi
Iy BT, ARRFAFTERAS . S EE B WHER,
BB T TR AR N BB E SRR, 5 R
Ty AU ARAAEL, ERIC-PCR A E#E1EfI 8, Fae it
AR, TR TR A — 8 0 S AT
3.2 ERIC-PCR j& Mg R 40 R Ko B %, A
5256 = A H ERIC-PCR HHAT 1 DL Bt o i B 70 2
Mot , BT RA4FM o BRCE,  nnt BHE 45
(2008~2009) 1451 ERIC-PCR A 5 i 4T 12 34T 1
SRIWETE, H RTA S IS T B AR R L
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2 BT B AN AR LR B B B 552505 B 1 ERIC-PCR 43
BJ7E, B H Wi 2om e fa s B R T
R, HECZ K753 ERIC-PCR & H T #
WA HRE B ITRE M B R S AR R Y 2 T
B RGN T VAR RIS SAA R AEASHO T 2%
RABCRRIW, KR SRS AE, ST hRET 2
e BT AEEEVIIAR 2 H— S D R T
1) C. jejuni ERIC-PCR J7 V% Jx Ntk R671, H j&4 1%
H 1 RS TR AT 200, BRI ARSI =
Z 8 H B WiE F Y ERIC-PCR 1K &0 386t Fi%it T 1
H 4 REK 4 KPRIIEAS RS, Py b i =
Rifh %, {EMCE B2 R &R R A AR,
HE— X BA DR AT O B BE AR AR SR, RIS
T RERSUERAI LR ZoX PCR 83U R 5o,
BRI TS FRIRR P Bl R, IS AL T — B FaE
= 241 ERIC-PCR 708U [ BiAA FR o A SCR A IEAS IS
T E TR VAR 2R, NS TR R 3R 5 B R AT R
Beil, ke T —IFARIE BELR, T T IS
R IH .

3.3 MERIC-PCR A IFE FTLLAE H , Mg . dNTPs
AR K FEXT T C. jejuni ) ERIC-PCR #3855 54 B
W . AWFFERE, M@REN 3.00 mmol/L.
BN 35 CHE, 1S =i s vk B i 2% iy Bl
W B, X5 HATSCERE: PHRIE A2, B
Mg I BE LI 2 SIS 12 Ak 22, TR K%
R, AR RE MERE, A1 FilEiEss
Mg?* ¥ A 3.00 mmol/L. B Jili 5 R 35 CH 4% 5
SE#E, BT ) ERIC-PCR [ Wik 23k 47 3 IkEE
WIS, 5307 fae M B, e N T A5
= MEEA TR BRI C. jejuni B AR T T, 15
B 1 200 38 AT DNA TSR . 5345,
R 4 R TR BT ST R AT B (R4 W
XRPFTEA R REH T C. jejuni 19 708, N
Fl ERIC-PCR 1T C. jejuniiliisie it T2%, itk
ERIC-PCR 771244 NFH T4 S86 &= IEAE AT 21
i C. jejuni ¥5 Y41/ £.

3.4 ERIC-PCR 7 B ANA] e 1 LA B A 22 5%, T
Y B A B AN RIS JE DR 22 A . ARl B2 4
W E SRS FORDIRE S, Rl —IEFh
B ANFI R (AR 2 2557 A 78, 24 #k C. jejuni
LT 194N AR, JrR CJ05 AT CI06, CI13. CJ14
A1 CJ15, CI21. CI22 F1 CI24 43 S EAGAH [RIf AL Y,
73X L EL A A [F)AE AL PR B ki ik ERIC-PCR 73 9
A AR EAT AR LAY, ok CI13 i CJ15 B
MFIPZERET HES CI14 Z MARIPER T 0.93, 1

LA TR ik 2 T 1) 22 DR ARRL 1 &R /T 0.80, X KA
ERIC-PCR J7 0] LA s [F) A= A0 28 B B ik [) i [A]
iz ASZIOHE ST ERIC-PCR 43 777544 24
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