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[ Abstract] Objective To establish and optimize PCR methods for the gene encoding of
Clostridium perfringens f,toxin (cpb,) and atypical-cpb, (aty-cpb,),analyze the epidemiological
characteristics and genetic polymorphism of the cpb, of Clostridium perfringens in 9 Chinese areas
from 2016 to 2021. Methods The cpb, of 188 Clostridium perfringens strains were examined by
PCR; the cpb, sequences were acquired by whole-genome sequencing to analyze the genetic
polymorphism. Using Mega 11 and the Makeblastdb tool, a phylogenetic tree, and cpb,-library based
on 110 strains carrying the cpb, were produced. Using the Blastn technique, a comparison was made
to discover sequence similarity between consensus-cpb, (con-cpb,) and aty-cpb,. Results The
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specificity of PCR assay for the cpb, and aty-cpb, was verified. The PCR results for cpb, amplification
were highly consistent with the whole-genome sequencing approach (Kappa=0.946, P<0.001). A
total of 107 strains from nine regions in China carried cpb,, 94 types A strains carried aty-cpb,,
6 types A strains carried con-cpb,, and 7 types F strains carried aty-cpb,. The nucleotide sequence
similarity between the two coding genes was 68.97%-70.97%, and the similarity between the same
coding genes was 98.00%-100.00%. Conclusions In this study, a specific PCR method for cpb,
toxin was developed, and the previous PCR method for detecting aty-cpb, was improved. aty-cpb, is
the primary gene encoding of {3, toxin. There is a significant nucleotide sequence variance between
the various cpb, genotypes.
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epb, Z A1 [ 5 N TRAR HEAT 0T, TR ST TR 1 B, 5
RN SL R 280, 3R B X 7= SR R 1Y
Bii4a TAE RS .

HRS 7%

1. TH R JE : 2016-2021 4F , A 5 4H 75 AAD
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AT, A5 FH 240 PR 4 35 PR 2 42 HGR) (Promega , 56 )
X AZ R WEATH2 B, f# F NanoDrop 2000 43566 B 11
(Thermo , & & ) I 2 A2 FR & L, {di FH 5400 Fragment
Analyzer System (Agilent, 3¢ [ ) WA 4% 2 it 2 F1 T
B 5EEEM: o fdF Tllumina Nova 3% AR X} 188 k=S 32
BRI HEATINY | S BOR TS cpb, FIRZ H IR T 41
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51%11  cpb, CPB,-F,: ENTIE
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TR, A 106 BREEHT cpb, 7= S IEIEAR T H R,
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0 2 101 BRI aty-cpb, T Bk . %I FD PCR
G5 5 Sy BH 1T 4 5 PR A 285 SR 8 ol B B g
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4. ASTR) M PR VR 75 28 B AN epb, Z [R] REA T
FROE S BT < WS B TR AR PR 280K 1 LR (84/
188,44.7%) , S% J5 Mk A i At 48 (47/188,25.0%)
=4 (16/188,8.5%) )7 PEH: % H IR X (14/188,
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515" B3 (L77965 . MH900548.1 24 con-cpb, JT+ 41 , AY609183.1 . AY609161.1 34 aty-cpb, ¥ 51|, K H GenBank; CP180,
CP90 N aty-cpb, FIFH 2k FAR IG5 ) 5 HAYIEPIAZ AT BT AL 0 ' 51790 05 [0 o F B 6K P91 5 Tl 9 57 ~3
PAFP G [ IR 1 B 1 S ek J )

E1

R2 FETEW 1A PCRKGINGS S5 4 BL IR 2H ) - 2%

YR T epb, WAE U IR AR . ME— B9 D Y

KA NE,ME—ERSEHE, “HIARE opb,o
120k FARVEERR R, LU RSk BN TR A B8,

HEHT 1Y) epb, ¥R aty-cpb, .

514 11 PCR AR DR 2 I e 2 R w
RIS W 91 At
FH Pk 102 4 106
I 1 81 8
&t 103 85 188

JEA 148 BRI MR B R Rk AR i st

5. ARG R FE E B A epb, Z W] 34T
FHAIE - 75 188 BR AR, A U838 77 7 T[] Rh 26 A

B R4 9 R A FU(136/148, 92.0%) . D % (1/148,
0.6%) F#I(11/148,7.4%) . cpb, EZLL) aty-cpb, &
A AETE T A BB R XY b (72/148, 48.7%) , VI

R3ORFMBEARIE B Z AL cpb, [A]HA TR

%? L'Pb 7&%

oy

By R Jow Wit Wi WA B il & T i
A R 3(50.0) 3(21.4)  28(59.6) - 26(31.0)  3(50.0) 1(50.0) 9(56.3) 1(9.1) 74(39.4)
ary-cpb,  2(33.0)  10(71.4)  15(31.9)  2(100.0) 51(60.7) 2(33.0) 1(50.0)  3(18.8)  8(727)  94(50.0)
con-cpb,  1(17.0) - 1(2.1) - 1(1.2) - - 3(18.8) - 6(3.2)
PR T4 - - 1(2.1) - - - - - - 1(0.5)
Ao - - - - 1(1.2) - - - - 1(0.5)
Fe - - 2(4.3) - 1(1.2) - - 1(6.1) 1(9.1) 5(2.7)
aty-cpb, - 1(7.2) - - 4(4.7) 1(17.0) - - 1(9.1) 7(3.7)
Hit 6(100.0) 14(100.0) 47(100.0)  2(100.0) 84(100.0) 6(100.0) 2(100.0) 16(100.0) 11(100.0) 188(100.0)

TE s epb,: " TIENEAR B B, 75 RIMIIEIN s aty-cpb,: UL epb 5 con-cpb,: 354 epb, s 155 HMELE by 73 B MR B RCEE 155 B S 0 B R o5 4
T Z BN DL L (% ) 5 = A AIZEH DX 3 2 B 060 1 2 B A T
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con-cpb, JT& X AFAE T A BRI AR B B, 7 R ALK 3.4%
(5/148) , H Ay & o R #E70 B, 1 R 19 A B 19 #k
(59/148,39.9%) . FRIGEREPRINE] &4 B, RN
P RR TSR A0 GRS 32 (R 340 ary-cpb,(6/11,54.6%) ,
Hap AL B, BE R MY FRUGERE(5/11,45.4%) .

I 14 BR B W SH R 43 B H 0 BRI R R, K 2 AR
FE A A B 5T G 05 3 T aty-cpb, B9 B, B R
(10/14,71.4%) AL 1B F BRI REAES B, 55 3% H 4%
B aty-cpb,.

P26 B Bl ok 5 43 B R TR R R, B 2 R
S0 A H(25/26,96.2%) \E%1(1/26,3.8%) . 2 ¥k
I3 B H A B R AR Y AT B, R HL g G D 25 R
aty-cpb,o 3B A B B PR 3L 23 Bk K D B 45
B, 7 R WA 10 ¥k, ¥ o0 A B H 45 i 3 [F 35 R
aty-cpb,(10/23,43.5%) , H AR TR ¥ A B, 8 K
(12/23,52.2%) o AN 1 ¥R B MR 20 B85 A B L 7% 1 bR 4%
i B, FE R H A FE A N con-cpb,. W34,

6. B, B R AL A 1Y 8 15 2 M < LU con-cpb, 1 JiR
AI(L77965) % aty-cpb, i I (AY609183 . AY609161)
YERZ IR TE cpb, IR G R B %2 TSR
(5 VAR 240) . 55 1 A0 & ABFSE 101 BR # bk
HEHT 1 aty-cpb AR P F1 A1 19 #63K B GenBank [
aty-cpb A AT TR T 5, 5 2 2400 & ANBIF 5% 6 Wk I Bk 45
Y B con-cpb, ¥ ¥ 12 )7 51 F1 13 B 2K [ GenBank 1)
con-cpb, AT TRIFH . AT cpb, AT TR F 5,
W51 AR 2 4 22 11 epb, FE B AHALAE Sy 68.97%~
70.97% %55 1 420 N Y epb, 90 A BRI 14>98.00%
5 AY609183 , AY609161 A4 A LE 43531 A7 97.99%~
100.00% . 97.24%~99.87%; 55 2 2L 2L N ) cpb, JT> 5]
AHARLTE A 100.00% , 5 177965 By AL A 90.85%
E NIRRT B, BE R HEATIE 2
W, B P SIENEARR W B 75 R A H IR 7 94 S Ab

B W2
o

H ATBFI W JC R E B, 1 R AE A LI T Y
FOEAEH , RIS A 454 B, 28 3 17 ISR
LR X R R R TR Y S8 5 B £k
A= T I IR I T AR (HR XIS ok
o A HY AR ] B, 75 2R A i SE K B R Pk, I ELIR B, 75
F LLA B TR 4 R 2R A AT B8 23 5 i AR 1Y ™ E R
FETON BRAE F AVRE LA R B T IR A
FETESD, B, B R AT RE AR ™ ILIRSE /N 45 W 4%
MR R R — e ER . h Tz R
B CAnER X B, 75 28 8 Y S v BB AA) A/l vl
B e FE AR, B, B R AR TP BRI
PBSRAIN | B N A5 IE AR B — P R R e
R DL T B, R AR WA Y D e LA AR BN
R R B . AR R B, ZE A
AR AR R B S R — S0 IS Ol
TR R 2E . I, AR RS, T —Fh 28
cpb, 19 PCR K5 I 77 325 31 X SE Hr A M aey-cpb, 19 PCR
B T T ot X AP PCR 7 ik b 4T T e
B UE, 25 R BRI TR T Z BRI aty-cpb, B
FE AR AR RE S G ST S e 2 SRR W 45

AT PR T A G b B AR B AN ] R e
JIEAR B 75 25 B0 v epb, 76 R TR) ML X AN [) 45 3 22 [
B A G . 18 A% Z M AT R I, opb, AN [R] 3
PRI 2 8] 1 1 PR Y 91 26 7 Ko AR 98 76 X 445 4
B, 2 M B MR AE 35 R /0 B 0y SL it b A7 st 4% ol
FESIA SRR A, A A E T 1475 2 i fis 3L A
A AN () 5 ] AU 7 T AN (] 4 Ao R0 A [] e IXC 1] 1) 3
(R

F4 ARG IR TR G cpb, Z 6] B9 AT HFAE AT

HR

15 cpb, L ok - p " P &t
A KA 59(39.8) 12(52.2) - - 3(21.4) 74(39.4)
aty-cpb, 72(48.8) 10(43.5) 2(100.0) - 10(71.4) 94(50.0)
con-cpb, 5(3.4) - - 1(100.0) - 6(3.2)
ES it 1(0.5) - - - - 1(0.5)
E R4 - 1(4.3) - - - 1(0.5)
ES it 5(3.4) - - - - 5(2.7)
aty-cpb, 6(4.1) - - - 1(7.2) 7(3.7)
At 148(100.0) 23(100.0) 2(100.0) 1(100.0) 14(100.0) 188(100.0)

T 1 epb,: PP EBERR A B, BE R SRS IE I s aty-cpb, : AR epb s con-cpb, : FEH epb, s —: A NI A 5 Hh 4318 0 %0 1 24 780 1 P ok
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