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BN OB FCAT R A% iR — 20 (average nucleotide identity , AND{EI>97% , ZL[RIZH K/NHy 4350644 bp,
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KRB R AR, TRl AT LA ok B3 2 1 (L5
T IED,

A1) A4 FCFT B (Bordetella  trematum) iz 1
P 22 BV e/ NFF R, TR T AR AT T R
MR RAF R B A 16 F (https:/Ipsn.dsmz.de/
search?word=Bordetella), HHH H AR FCFF
W (Bordetella pertussis)5 NH H ZBHA &, 18H
I e By LB SRR I e A RR R T
(Bordetella bronchiseptica)i & ¥t T % i L
Yy, R PBOEMR . GGV ZE AR SR SR E
L YL 1 32 2895 i 2 — 1 ) 1 PR ER AT B e —
FPLBOR G, 2418 T S BE BT IT B0 A
FENRE SR, IR ] USRS CE BUR, O
Z S0 WY L 55 N L IR A R e Jik 3 T Y
WEs L BRI, BT, ST M AR AT
T B0 PR 2R R TR I — R 20k .
Caroff S IR 7E B M AERR AP B 10 g 20 b &
B O PUIEEAL, XA T H B AR R, 2
AN FL AT AR 01 E G R 5 . Novikov 45t 8
TR AR FRAT R IR BT A B4, HED R 44
TR B e E A R G RN

2019 4F 12 J, PUJIEARERIRIE 7 — Sk AR AR
BFIRIRAET, G IRWLEE AT L, FET MR 1A 7 ff e
SN U T B o | o N ) s e S G
JUFE 5 M6 s P RE O ORI
PR SEAR , AT DL b A XS S /N e, 55 5
CIRURR = SRR picy = iR ey )G T A
TR . ORI, AT R I I
JGLIE IR R 5 M 22 MUk E 5 Ao R MR i, SR A e 5 A
DL PR AL o MR I AR IR | W BRAE AR, K
PR R B A8 TR BT 1) it I 26 23 30 4 240 7T ) 4 1
E, DMRFEMBRIE TR A SCH I B N A B
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Uy b 3 ) T PR IR, &
UCUEIL B T AR A R W o N A AR, B A
41 a5 L i K 75 & (cytolethal distending toxin).

1 A7 %

1.1 #Pek
111 FRbRIR . SRR T WU BEAR B R 3 1 —
S FEARIRE A it BB 2L 2
112 Bl EE: ERBURNA)R TR | 53
MRIGFRHE . ZRRIIG IR . A0 . A
AR EE S, W BN E DR BRA H
2xTaq Master Mix (Dye Plus)I]F a5t MEBE 4=
VIR Ay A BR 2 F] . DNA maker 111, DL2000 .,
PN DNA $2EBGA & F R AR A 1L 7]
AL EH)AEBRA . DMEM. a4 iM% (FBS) T
Gibco AH]. WREF. M TFREFKFAH . HME51Y)
(8 JSCIN o X7y G A o 2B ) AR A R 2 )
SERL, AL i LR AR AR YR A R
I SE
1.2 MRS B

V65 T DA R 2 3] 94 PR B A U 2 2 ) S e e i
FEFRBUENA)VEE IR . S%45 F 178 B 55 5%
B, REE THIRMEEEIRAE, 37 °C Higk 24 h,
R TN 0 R e I I P B - Al AVE AR S
Kr, HERNT 5%48 A 05 B e B 7 5 A 22 R LB
PEREFREE L, P T — P alifh, WE IR
Rk
1.2 AAERE: KPE CIAARIRANTE 5@ T,
W © Bl LT 04 43 B8 TR HE R0 T 20 TR i A AL B A
Hr, SR IR S 2 R E e R ER BB A A T
1.2.2  16S rRNA ZEFY 1 KFF 41 KA
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R 2 PR A A GRS PR U BT Y DNAL /2 PCR
FUSiBRR ., YEFH 16S rRNA KEPR#E 519 27F (5-A
GAGTTTGATCCTGGCTCAG-3)#l 1492R (5'-TA
CGGTTACCTTGTTACGACTT-3")#E47 PCR 43,
SR ZR N 50 uL: 2xTaq Master Mix (Dye Plus)
25 uL, EFUFB1445 1.5 uL, DNA #47 2.0 uL,
ddH,O #Mg 50 pL. KA 454 : 94 °C 3 min; 94 °C
155, 55°C 15s, 72 °C 80 s, 34 MEH; 72 °C
5 min, PCR W2 1%BrHEMEEERE UK #6411 10
W, IO Hrik 2 R A R AE AR AT B A WA T
M
1.2.3 MBS SWME . HIRRET
A S PR S Ak B PR ER A 2 2, R JER Y Th 43
Hff, JFHSHHES R Y DMEM #1405 5%,
[Fi] s X 240 T A R AR AL EA TSR T 5 o
1.2.4 ZRORAK: KA KB 4R P BULHE 25
I, 0.5 22 [ B A 22 [RBREAE HEF X LG, 78
BEH A Z 5%10"° CFU/mL1E 37 °C ¥ 5% 24 h
JG, S8 (CLSIARE) Fnrp [ 2ikpnie!, Hie g
TR VB A /N RIS e T 2 18 EL AR MV S B
& A BN 2y
1.2.5 S EWENEEEAW T ZFHI5H: P
RVEIRARGE L, 2 R, SO AR B K
THE, RN IR 4] DNA $BGR7] & B 45
PEELANG DNA . e IR B M2l , %% LI
URARE A R A BRA ) 58 i 4 L L Y o
Wy SR 4= 5 I 4 5 # 35 (whole  genome
shotgun, WGS)H M, A FHHA F BRSO,
FIFHEE — AR+ R (next generation sequencing,
NGS), #:F Illumina Nova Seq Il 7F- 5, Xfixst
SCJE R T AUK S (paired-end, PE)F .
1.2.6 BEEALHE. X EREERHEITRIT . B

SRR RS, SR A5-MiSeq il SPAdes X} 2%
Fe K7 A B0 P s AT K DR, AR B WIAP A
A5 . R GeneMarkS 3 4% 7 2 T 4 HE R 41
()8 11 5 S A 5 R A T PN & e A (R A
J2 KEGG (Kyoto encyclopedia of genes and
genomes) I 25 [1 i I HEELPE &2 COG (clusters of
orthologous groups)*f B. trematum Z1.0001 ¥kFE[H
AT R T RETO , A T 25 R 5 & Th e B
JEJEFT BLAST HXT(e value<le-5), #x)opEHL
score F fe Y LU XT A5 A TIE RS . 1EH NCBI 1Y
13 PRAHSCTRAR A T 2 L R A LeXT, SR AE L I il
EzBioCloud FJEX} T.H. ANI Calculator (https:/
www.ezbiocloud.net/tools/ani) X} 43~ &5 B Ak 2 4%
R — BT T B (AND). [RIET, SR A EE 1 R4k
$& £ (virulence factors of pathogenic bacteria,
VEDB) M #iL & &R Wit 25 5 N A 5 JE (the

comprehensive antibiotic research database, CARD)

X DA R %) 5 A1 A o A ) 7 g s DR AR 245 5 K]
HEFT T

1.2.7 ZHMBICHMERER B PENERY K&
FEFIAT: JET ZL0001 43k K 20 Fr 4 23 Hr % R
(20 M Bt M M K BE R B Sk S A 4
(JABBMS010000010.1: 168798-169634), it PCR
PG, P ERER A Bt K EER B
WHEIEH . E#F514°0 CDTB-F: 5-TACGCCCG
CCTTGTCG-3'; Ti#51#% CDTB-R: 5'-CCGAA
GCCAATTGTCCGA-3', FIHC A4 E DNA
G Wkt T PCR 91, RNAKR 5 RN F 2
M8 1.2.2, PCR 72 FLUK B ik 557 1% 21 sUER A
JRAE B ARG BR S BT P Bk o 0 2 SR
fE NCBI F#EATEEXT, F#XT F AR
W2F741, f#F DNAMAN #7554k % CDTB
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TIPS, FH T Z P

2 ERAFAM

21 WEHRMSEER

211 HEMIEAS DL IEFRER M XHZOb S
AP TINTE I3 B 5 8 . R —Fh oy gtk A
K, glifb a5 B AR BELE 5% M BiAg Ky 5%
B ERNGAREST, At Wi, okl JiE.
TR /N (EERYLBURR IR F 2k,
Wt QYL BE HER I, o B T O 2 e e [
YR/ TR (] 1)

212 AIRBER. 24T BR, ZHE
PRIG AL TE . A0S 3 A A T . DRI RO AR K
AR A5 R AE, W E AL ARG HR B
Py R T A R s 0 i 0 P ) 225 SR 347 4 B
X5 SCHRHE 14 7% B AR AR RAE — 3

2.1.3 SESAHE 16S rRNA ERE MY HER KR F
FIAHT: P ESTERE 16S rRNA KEP PCR 41445
FW, BRI RNA N 1441 bp, ZERFF G U
Cime a7/ 1Rl S =R U S 2 S 2
GenBank, %5 8. MN847725, M i% ¥4 1E

GenBank HFFTIEZE LU, 455 EIR 5
DL BE #5191 11 1 78 R QAT I (Bordetella
trematum), HAMUMERIX 99%LL . BEHE 7 Hiok
DA R A B 1 PEPECRR ERAT BT A 7 BRIR] AN [R) ol )
HoA R FAEFFD, T2 16S IRNA [P H R G0 %
aR, W 2 Fos, B EREE S ZL0001) 5
Bordetella trematum Kb [6]—73 32 b, B E N
PR E AT 14
214 ZIMEEFRSUEE: 1E 37 °C. COMRIE 5%
MR RESR 4 d Jm, ARERIIEZN I 0 20 e
18, HRHR MRS, KAEMK . JETS,
AN ER AT DL Az g, A 3 fos . il
R R TV A A A e I R A, O R AR B R T
5% - ML B B 5 ik 55 A2 LI IR B 7 0, R
AT AR, G IR R R 22 e 0 5 211
o Bk —EL, M A D R FRAT R
22 WGBTS R

R4 B T MEAT 2 225 ORI | 25
BRI ESRA ZR IR BB PUAR . MR R
HERR . IKRER . ZHER B, KR, £1
2 SNIFAR & I S L5 G F DU =N TN
IREER . REEER L R IR AR i 2Y

1. "BEEMERESEEZRE
Colony morphology and gram staining of isolated bacteria. A, B: the growth characteristic of isolate on

Figure 1.

serum tablet and McConkey tablet; C: the gram staining microscopy result.
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12[ Bordetella avium (NR041769.1)
Bordetella petrii (NR025369.1)

611 Bordetella trematum (KP751929.1)

34| Bordetella trematum (HQ840720.1)
Bordetella trematum (GQ416949.1)
Bordetella bronchiseptica (NR113628.1)

27
100

-

Bordetella pertussis (NR025951.1)
Bordetella parapertussis (NR025950.1)
Bordetella trematum (NR025404.1)

99 | ZLOOO1 (MN847725.1)
Bordetella trematum (HE575910.1)

Bordetella trematum (KJ604707.1)
| Bordetella sputigena (NR137343.1)

100 |,| Bordetella trematum (NR118635.1)

—
0.5

2.
Figure 2.

64~ Bordetella flabilis (NR137342.1)

HETF 16S rRNA N B AREXEKRZABR

Phylogenetic tree based on 16S rRNA of the isolate and related strains. The sequence number in

brackets represents the login number of the strain in NCBI. The numbers on the branch are bootstrap values and the

number below the phylogenetic tree is the scale of the tree.

[ 3.
Figure 3.

can be observed under the microscope.

2.3 HEHREEEEHA S

23.1 SFERFNAFEARFELK ANI 9 58w
FRE) A FE R4 KNl 4350644 bp, G+C H 40 &
H 65.70%, FEAkEEHES (open reading framework)
3958 4>, HEEAFS 89.80%, f1F tRNA 58
A, RNA 3 4~ HE kAT ZL0001, 35
1741 LA FASTA JE3 FA% % Genome $0#li A, &
£S5 JABBMS000000000.,

T 2% GenBank I 1Y) 4 ¥R AS[G] K VR ) Bordetella

K IE5 A BIE 40 A B 78 22 1 A % B R BT O L 2%
Lung cell lesions of forest musk deer and observation of intracellular bacteria. A, B: swelling cells; C:
normal cells of forest musk deer. The black spots shown by the arrows are intracellular bacteria. The motile bacteria

trematum 35 K 20 M 9 ¥k Bordetella EoAth T R #m vE
tRiEAT ANI {HIH5R . 45 R Box, ZLoool 5
Bordetella trematum WrfERE H044680328 F{ ANI {E
N 97.47%, Y5 Bordetella trematum TFE ] ANI {H
¥>97%, Y5 Bordetella H AT R ERR ) ANI {E
) < 81%. #RHRAFERLE ANI {H > 96%fF [ —
PR E B AR , 12— T ZL0001 A1 H i1k
e AP

232 KEGG 5 COG ZhREFEFRST: dEidS
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KEGG B/ Rt 704, ZL0001 H3tA 4606
AEFS 5 GHEE, RIERERF T R 7 2%,
I3 AR A (1628 4™), BRITE JZ2IR (1572 1Y),
FRINT(520 1Y), diffiidFE286 4>), BEM§(199
), AHLRG(86 M)FIARHMIIFEGLS ). HfS
SHAC R R R Z, AR 35.35%, &
S SAEILRGHEER, & A5 1.87%.
L COG TfeEXS LLiE R, ZL0001 R 40
A 3682 MEER R, Ay 25 28, KoY
QILMEE . WA A SO RS S A .
TRBERL N EOREREE, & 385 1,
HUORM T MEN, h 361 1. H 44 COG
REARBL RS, 43 B E A RE T . Mashas
H L AR E AL, Ak, AT 854 MR
HEEARFN, 2828 NMEHS EHIE A B E AR

HEH

233 THEEER T 38X I E S SR T A
Eext, A NCBI #£47 BLAST i, A& BLAY 11
TEFRIRAFER ZL0001 #5717 1 5 A2 5, 22 4
P RMAIEN . WFE 1 Pk, SMERE RS 5E
R EiZ, FEARE adeF(5 1) . macB. mexA .
mexl, mdtB. mdtC. muxB(2 ). msbA. OprM Fl
OprZ 3% 15 DML . HUCOh 3 DI 2K
i 25 KL B, 439k AAC(3)-1I . AAC(6')-Ib Fl
APH(3")-Ib, FABFERIL 4 4>, BARMISR 1 FR,
2.3.4 FAHEFHHN: 4 VFDB FER . AT,
VRS /e H e L <le-5 WIS, 450 E/R 63
LR Gifih 5 ZL0001 AHSCHYBE IR -, FHE5 N
PIF 8 AR, iR 2 12 S i 6 24 1A G
AR, Ry 26 Ao BARGI DL RAROCEE D L3k 2,

F 1. ZL0001 EFEZ5ERF

Table 1. Predicted resistance genes in ZL0001 genome
Resistant gene category Resistant gene names
Aminoglycoside AAC(3)-11, AAC(6')-1b, APH(3")-1b
Fluoroquinolone gvrB
Pulvomycin EF-Tu
Rifampicin rpoB

Efflux pump conferring antibiotic resistance

adeF, macB, mexA, mexl, mdtB, mdtC, muxB, msbA, OprM, OprZ

Fz 2. ZL0001 EFEHBFMEMRXFTHER

Table 2.

Virulence genes associated with pathogenicity in ZL0001 genome

Virulence factor

Related genes

biosynthesis
Flagellin protein motor
structure
Two component systerm ‘[resp.o.nse regulator
auxilin
Internalization protein
Lipopolysaccharide
Metabolism protein
Iron uptake
Transport regulator

Antiserum protein brkB

fliA, fIhA, fIhB, fILF, fliR, fliP, fliN, fliL, fliT

fIhC, fliN, fliM, fliG, flil, flgM, motA, motB

flad, fiD, fUiF, fIgE, flgD, flgB, figH, flgG, figl, flgK
OmpR, prrd

cheB, cheR, cheW, cheZ

RvI837c, glnAl, secA2, hbhA, rpoV, CDTB

bplA, bplB, bplC

narG, algC, ppkA, algA, ahpC, syrE, icl

fepA, fauAd, bhuU, bhuS, bhuR, hasD

cyaB, eccCb3, relA, clpB

actamicro@im.ac.cn
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24 HIMFFEHMIKER B PEMNERY 5T
H 53t

HRAE 2.1.4 B L ARG DL . 2.3.4 Th Y EE 7 ]
T XTS5 R LA A iR E N, UE A O
AR FOFF oA ELA A SBOOE b ik 3, WT 33
IEAEA b i . T Bt g, 4T PCR Y
Ji , G5 R TE 850 bp 2 A A — 4 PEY T &
¥ PCR =Wyl LLEINF, P45 57 GenBank
HEfT BLAST. #5088, %7515 540 5 #A1
AR FCAT R Y CDTB 741 HE Xt a2

FRAE IR LEXTEE I, RS0 5 bR
PR CDTB 2R ITH, HATZ2FHI AT, BoR
FILIR P S FIE IR 99%L) | ZL0001 55 F581,
H044680328 FI E202 #RAEYAHPBIEEE 100%, 5
CBMO1. E202.2 (W BEMRIFIIA 25, fFIER
g, BARITESLINE 4 R

3 w3

MR 9 — BB 0GR 4 Sh ¥, FC R4 1
Yoy A B A e 2 M b 2R 2Ny, HATE
ARV BRVESE Z A7 JF R T ARER N TSR
FHHE UL MREREGR — EE R AR, T
PR S EORBR AL T i — A 2RI, AL
FOPPR I 1 B o 68 T b i 5 ) B P LA e 2 B A

B, XPARBESET R KA T T AR L . A
AR FOAF P — P 3 DL P 22 FR B A P,
HAE £ RIEHLE . BoRtER#E K- — Bk
AFFNRAMDIFE . o TR0 AR AR [T R AH K
fRRBE=, XFHIFRILEA T o, Z245H
B FOTE 2 AL T X2 TR 1Y By A R H E

WFFEIN Ty, TR QAT T e 2 T 2 2 e A
ARFIGE , G40 E H I ARy AT o U R e H
AR G Y, T AR — 1 3 HLAT DL
U™ H IR RGP T R V2 T . SR
O L ot 1R R ECORT B D T DA 5 | A v 3L B i 4
% o, REZ . BHIPRRGEER" . RNEE

B AR FOHT B 109 43 B8 3B 07 5 2 7E J kA

a. E:m, Vandamme Z:2F 1996 475 8 YL A 1)
5 1005 Bl i U B B 1 R R . B
B, X TR T AR CC AT P ) B A X A, O
HMRAESYITFIR R Gk o 25, b J R n] R
SEAKEE, K324 h FEIEN, WEA
BT ARS AT 5™, ) P AR FC B 1) 1 T R
N, Chang %FU2IRG 7 fet FJe 2 (980 1 b 4y 5 i
Bt =2 S0 JE B 22 3 W AH O i

HAET, Cf 25 SCIIGE A H AR [
TR LA R S A D it P AR EAFT T A 1 40
PTG B BE T DA S PT RE RO AR FRAILEI B2, s A ad

12 16 192022 80 212 280

SPLRA

—-a----

| | |
‘SARM * * ‘AISP - -

‘RRSN*

f———p+c r—n—-— -

El 4. CDTB REEF5 LT E

Figure 4. Alignment diagram of CDTB amino acid sequence. Numbers represent amino acid sequence sites, and

different colors represent specific differences. Pink represents one different site, and green represents two.

http://journals.im.ac.cn/actamicrocn



2014

Hongmei Zeng et al. | Acta Microbiologica Sinica, 2021, 61(7)

FEREZ AR 500 W R g 3L WV T 45
T L DR A A 3 0L A0 P A 5 R G 1 Ml
o BHAET, MARA T AR FCOR B M N A
A HHRIE , TEMCERGE ERRATHEA T T AR SE g, S
B 45 AR W B 1 P AT T A L PR 2 A TR
WEAGOLT B AR [CHF P A 2 — AL
SEURT , EBUE ) 518 ERRERESA K,
PN BOR AR, X ARE S TR TR )
Bl s Ok A P, 2 R R ) O A Ry FO AP R RETE
MRLPIAETE , YA o B AR A IR
FIHAFIELL T, ARESIRTE F MR 5 RE
JNE, FHCEAR S AN, BRI Bk
— i, (HIC TR PR [ B B B4 )
BORPEWT 50 T 45 G 0 2 0 AR 1913464 7404
TE4 L K20 e 0y . 8 7 PR 35000 43 By DA
J& ., JrE R RE ZL0001 HyEE I Tl 2Ty 8 28, 44
FEHEEND . NHCEAMIEZHS . Ry
A m i B e 2 W5 I T M2 8, el
IS 5854 18 £ RFIGEE 9 25 6 b R 4 i S5
HGREGE, [R5 PR COHT TR 240 581 1 PN 5
Ha A PP A AR IR 5 A A
S50, RI ZL0001 FEHAl & — R Z R
— M BEIEPER I TR . A B I ik 7 2 R
— Tl AT DA S5 A M PRI O | 240 0 L A
TR =R KR R, HEp IO T CDT 193 1
W3, BP CDTBRY. 2 s5e v ik 2 2 2 i
2= [REA AN AR I AR Ab B R, A EUE R
TR RS SIS ERIEN A N . Pere-Vedrenne
SFPT BT R BURAF I 1) CdtB I A
A B2 20 2L e RAERE ST, Ge PR CDT
A DL 45 S TL-6 9 mRNA /KR8 A0, I8 i
4k NF-xB 15538 F A2 i 1 4 1096 5 22 1 3

actamicro@im.ac.cn

o HET, XTI AR CFF I CDTB # R 1E
R R AEBORE VR RIS 2R Mg, (H AT DU
I 212 R R BB I MR B i 4 SE T (1Y)
PSR

Ak, 75 6 Mk EH A CE B, BR
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2, I HA —E BARRIPE . A 2Bt & i GlnAl
BUUE B R 5 8% 23 A T 7 L W5 200 i A B b 1)
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SR B I, 25 RO AL 3 R
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PO GE R AT TR — R B | Y P A
AT, TR AR FOAT I ZL0001 Bk 5 A AR
) i A BRLAIL AR DG B 0 IR 5o ik, FRATTIR
BEA I I PR AT B B LN B A L A TS B BIL T
R GET BT RAATE—E W, XiEW
B
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Whole genome sequence and cytolethal distending toxin analysis
of a Bordetella trematum from the lung of a forest musk deer
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Abstract: [Objective] In order to investigate a forest musk deer’s death, we collected the musk deer’s lung tissue to
isolate and identify bacteria. [Methods] We identified the strains by bacterial isolation and purification,
biochemical test and 16S rRNA sequence analysis. Then, we designed the whole genome and cytolethal distendin
toxin subunit B analysis to learn the drug resistance and pathogenicity of the isolated strain. [Results] First, a
gram-negative strain was isolated from the lungs of the musk deer, and identified as Bordetella trematum and
named as ZL0O0O1. It was an intracellular parasitic bacterium containing cytolethal distendin toxin subunit B.
According to drug sensitivity test, the isolate was sensitive to ampicillin but resistant to amtriaxone. The average
nucleotide identity values of the strain compared to other Bordetella trematum were >97%, and the genome size
was 4350644 bp. In the whole-genome, 22 drug-resistant genes were found. Moreover, the genome contains 63
virulence genes that participated in many processes, such as iron intake. [Conclusion] Bordetella trematum was
isolated in the respiratory tract of forest musk, and proved as intracellular bacterium.
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