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Species-level identification of Burkholderia cepacia complex
through hutC sequence analysis

YU Meng', WANG Sijin', ZHANG Xundi'?, MA Shihong"*

1 National Institutes for Food and Drug Control, Beijing, China

2 China Pharmaceutical University, Nanjing, Jiangsu, China

Abstract: [Objective] To explore the application of hutC sequence analysis in the identification of
Burkholderia cepacia complex (Bcc) at the species level.[Methods] We compared the sequences of
hutC and the amino acid sequences of the encoded proteins and conducted phylogenetic analysis to
theoretically assess the feasibility of using hutC for species-level identification of Bcc. Primers
targeting the hutC of Bcc were designed, and the amplification conditions were optimized. With
those of standard strains as templates, the hutC sequences of representative Bcc species were
amplified. The sequencing results were compared with NCBI sequences for phylogenetic analysis
to validate the theoretical hypothesis. Additionally, single nucleotide polymorphism analysis of
hutC sequences was performed to identify species-level characteristic barcodes of Bcc. [Results]
The hutC gene was relatively conserved between Bce and non-Bcece. With the designed primers and
amplification conditions, a 692 bp fragment of AutC was successfully amplified from 12 Bcc
standard strains. Except for one strain with taxonomic errors, the remaining 11 strains had the
comparison results consistent with those from the culture collection centers. The phylogenetic
analysis based on hutC showed that different Bcc species could be clustered with high bootstrap
values. A 12 nucleotide characteristic barcode of hutC was identified, which can rapidly distinguish
different species of Bce.[Conclusion] The gene 4ufC can serve as a new housekeeping gene target
for accurate identification of Bcc at the complex and species levels.

Keywords: Burkholderia cepacia complex; hutC; housekeeping gene; microbial identification

T A A 78 R IR 15 5 BE (Burkholderia cepacia
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11 (B. cenocepacia). F&H B IV (B. stabilis). &
(R# V (B. vietnamiensis). Btidg 53+ H9)5 53 Hr
AR R kR, FEHKFRE BN Bee M
B AL Bt TR . ZALRUF L 4
Fe PR AL 25 R AE Bee 43224858 Hh 59 1
{8115 Bee KIEAWHAHIBLIIIA, #Z 2024 4,
EB 412t 44 1) Bee JBLIAE] T 27 SRR
Bee s MG T AR AE N R S0 A
HAZEF . ). RAWER A, 55
Qe it b KRG, HIG AR MERE KT, A
1980 4 36 [ 3 M AR AR 77 Al PR 25 8 ok o 4
RG] M S B 5 YL B. cepacia, P
N4 Bk £F 4 Ak (cystic fibrosis, CF) B & LT
FAFLK, I — H 52 3 56 A o A2y i
& P J7(Food and Drug Administration, FDA) Y 5%
FERL, SEAEk, ARTCRIK LR R RAETE Bee 153
TSI 0k FDA AU FDA T W45
NANA] 1252 134 W) (objectionable microorganisms,
OM). 3 [ 7 4 /| B 25 (Parenteral Drug
Association, PDA)%f 67 ‘ZH RfgEhfs i, &=
il R LA R AR — B A W B AN T A2
AW (1) AIAEZy s, O 2 SR
XF D RE TR0 A A RIS 5 (2) TEZ i
o BURTE S SEURE S 2R TR
BRI https://www. pda. org/bookstore/product-
detail/2456-tr-67-exclusion-of-objectionable-micro
organisms). JEEZ4HY US Pharmacopeia, USP) 42 hit
55 2 WEAMACH (rhElZG ) 2025 ARRRE RN T
BT BB R FR ) Bee arikl B, MlET
XPRER ARG Y Bee HEATE PERIBT R AT J7 ik
i (P EZG ) JE N 9204 AP 4 E 4R
SR R X T Bee A 4h I ik
BN S E AP B, (HAESE BRI b 2 7
ST YL B AR T S I, e T G
PR RIAS 8 Bee T AR ST T8 MK - 1Y Tl 48
E LMEFEAT TR Ao SR, T Bee 7ER1Y
16S rRNA J [A 7 91 45 75 T B AT g B2 pAH U
G Geny AR A S e . T B O d A F B

K A7 BF B R O3% 4% R (matrix-assisted laser
time-of-flight mass
spectrometry, MALDI-TOF MS)#/1 16S rRNA & [H
Fe 30 4347 35 a3k SE PR K S A i s ),
W e B4 B A KL K (housekeeping gene) ¥ ¥ 51|
TN, recA. hisA Rl gyrB SEFE E 8 H T Bec
PP 8 o8

2H & 2 A FH B3 9 C (histidine utilization
repressor C, HutC) 2 55 >4 [ BF 4 4 17 21 24 i 1 Gy
R MR SRR T, JB T GntR AR
TN, hueC FEPR GRS S, N 3% DNA
GEALEMII R IRSE, C Uil W4 A a5 a3k
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WA RO SR, TR B I AT Sk, R
FIH hutC FEH 4T Bee K2 BT 1THE,
DI 5 YL 050 ) 2 sl bRk R A b it o 7

1 AR

1.1 E#k
BT I 12 #k Bee T AR (1),
A3 5 [ 5 [ H R B 55 P A P o0 (American

*1 AWRPTRAEK

desorption/ionization

Table 1  Strains used in this study

Type strain number Name

ATCC 25416 B. cepacia
ATCC BAA-245 B. cenocepacia
ATCC BAA-246 B. dolosa

ATCC BAA-247 B. multivorans

CICC 23882 B. contaminans
CMCC(B) 23005 B. cepacia
CMCC(B) 23006 B. cenocepacia

CMCC(B) 23010=CICC 24958 B. aenigmatica

CGMCC 1.2872 B. stabilis
CGMCC 1.2982 B. vietnamiensis
CGMCC 1.10511 B. ambifaria
CGMCC 1.3816 B. pyrrocinia

http://journals.im.ac.cn/actamicrocn
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Type Culture Collection, ATCC). H & i 34 A=
YRR EEC(China General Microbiological
Culture Collection Center, CGMCC). H[E Tl f#%
W) P OAR e S B P o0 (China Center of
Industrial Culture Collection, CICC)L) } Hh ] B2 2
20 T PR 45 PR P o0 (China Center for Medical
Bacterial Culture Collection, CMCC),

1.2 EZRFFLEE

JifE i R R WA B 3% 3 (soybean-casein
digest broth, TSB), Merck KGaA A 7l ; & K
ok 35 HE K% 3% i (soybean-casein digest agar,
TSA), BD RSP H]s 280K, SefEbERE( 1)
AR T IFA HEM . GENII F B AR ,
Biolog /A7l ; Ex Tag® DNA Polymerase, 5 H EE
HEYIEARAUER)ABRAF]; prepGEM 4 B 3R 41
PR HERGAF &, MicroGEM AFl; 519ddb st
S TE A R A RLE .

L KF, Sartorius A H]; WL,
NuAire 2~ Al 3 AL 53546 . & R KB 4%,
Yamato Scientific A F]; H AV S R4,
Biolog A F]; FEHY Y, Bio-Rad AH],

1.3 EHkIEFFMERE AR

14 Bee BIBRIIZHERD T TSA Bigrdk, 33 °C
Ki g% 18-24 h, 4% M8 prepGEM 21 1 F K] 2H P i
PRGN G UL 5 A T BRI ZH R I
14 HHEE

218 Biolog H Bt W48 RS A
PREUER 7% 28 TFA 3280, VRS s R
PP ER, FRZOREZM 2 GENIT i, & F
EESIIGER7/E S U A S e en
1.5 F3aHh

16S rRNA KL 415 R 519 27f (5'-AGA
GTTTGATCCTGGCTCAG-3")Fll 1492r (5'-TAC
GGCTACCTTGTTACGACTT-3"), PCR Jx VAL
% (50 puL): Ex Tag®™ DNA Polymerase (5 U/uL)
0.25uL, L. FIET (10 pmol/L)# 1 pL, 10x
PCR buffer 5 pL, dNTP mixture (% 2.5 mmol/L)

P4 actamicro@im.ac.cn, 7 010-64807516

4 uL, DNA i 1 uL, 43 F A ddH,0 #h5% .
PCR i 551 : 95 °CHIZEYE 4 min; 95 °CAEPE
30s, 50°C ik 45s, 72 °CHEfHi 1 min 30s, 1
35 MEFR; 72 CCLAEA 5 min, recA §HE
KR4 2H 70 5 16S rRNA FE [K 4 38 K 41 [7]
b RS 5 BCR1 (5’ -TGACCGCCGAG
AAGAGCAA-3' )fl BCR2 (5'-CTCTTCTTCGTC
CATCGCCTC-3") . I 4 : 94 °C Fi AL
3 min; 94 °C7ZE1E 30s, 56 °CiEk 4555, 72 °CHE
fifi 1 min, %32 PMEER; 72 °CCAAEH 10 min, I
FPP s ya, ol A E NCBI ##17HxT .
1.6 Bec HREEFI AE B RELFT
ARG EAE T

L ATCC 25416 1) HutC 24 5 2 F¢ 41 (& 3%
S o WP_175830369.1) £ NCBI ¥ 47
BLASTp HxF, FKHL Bee HiAth 5 53 Fh 1% 2H 2 1R
) FH BH. i ) 54 KL R Refseq 741, [A] i A NCBI
N3 AE Bee i 2k R 2 & B2 A FH B & W) & A
Refseq ¥4 o HiX 287 51 ¥ T MEGA 12 1,
K ClustalW 5 ik 17 & FE R ¢ 91 L X, il
FH bootstrap % £ 45 (K 46 X £ A 1 .000), 1k
15 71 % H] Jones-Taylor-Thornton, 4 # R 45 &
B KRR
1.7 Bec EH hutC A FFINE

H 4l NCBI " Bee 19 hutC FEH 738 bp 42K
FeA BT 5 1 (36 2), P78 R BOBE 73l
702 bp (P1. P2)H 692 bp (P3. P4), LMiik %
(50 pL): Ex Tag® DNA Polymerase (5 U/uL)
0.25 L, . #7441 pL (10 pmol/L), 10x
PCR buffer 5 uL, dNTP mixture (£ 2.5 mmol/L)
4 uL, DNA #i#z 1 pL, ddH,O #b5%. H ATCC
25416 1 ATCC BAA-245 Kt PR 4 #E4T I v I
%%, PCR W 554 : 95 °CHUZEYE 5 min;
95 °C7Z M 10 s, 1B K JE 73901y 48.0. 48.5,
493, 50.7. 523, 53.6. 54.5, 55.0°C, i kH}
6] 30's, 72 °CHEf 1 min, 30 MEF; 72 °CCAIE
i 5 min. fHFH 1% SRS L ko) P2 k17
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R ARHRETASI
Table 2 Primers used in this study

- - 7
Number Primers name Primer sequences (5—3’)

P1 hutC-F-702  GGCGCCCGGCTTGAA
hutC-R-702  GCACCGTTCCAGCAGATCAA
P2 hutC-FJ-702  SGCGCCSGGCTTGAA
hutC-RJ-702  GCRCCGTTCCAGCAGATCAA
P3 hutC-F-692 ~ TTGAAGCGCGAGCCGAG
hutC-R-692  GCACCGTTCCAGCAGATCAAG
P4 hutC-FJ-692  CTTGAAGCGCGAVCCGAG
hutC-RJ-692  GCACCGTTCCAGCARATCAAG

*ARXF T8 35 CP034554.1: 197 165—-197 902 bp it Ji2 [i1) H.
FFFI

*: Relative to the reverse complementary sequence of
accession number CP034554.1: 197 165-197 902 bp.

K/NFISEERIN . B iR ORI SS, DA B3 Bee
AN TR BRTRR 1) 22 PR AR AR R T SRR 1 L hue C K
R, R S8 AT )5 1) 81 A% 2 NCBI
AT LT o
1.8  hutC BREZEERFHIAT Bee Mk
S

M NCBI T #k Bee AR FfK AR AR A
huC P, GREAFEFAREEK, 5
L ARFRUHE AR hueC T H]— i B F MEGA 12
H, R ClustalW B3k #4782 BRI 51 L X,
fifi 1] bootstrap 1 i 4 (#5 S X %54 1 000),
A 7 3 ] maximum composite likelihood, 14
HAGRKEW,

R LWEMREURRTFIEELS

fE ML b, #F— 2553 BT Bee A [R] Fh Y
hutC FE A ¥ 31, 7E MEGA 12 Hr 4k 27 A~ Fh
IR B 53 R N A 3R 51 (consensus sequence),
B J 4 3 26 R A SR AT LU RE, AR Z AR
LRI B, TSR AT T Bee KR IX
41 B R

2 ER55

2.1 FREEMKREESER

SR HH R4 TR S5 5 7 V8 T Bee A i R R 2
TTHERE (3 3)o recd IFHN BT A BENG Bee Anife
PRI 45 8 2R FIK -, CMCC(B) 23010 1Y
FE 9 b X 45 N B. lata (98.40%). CGMCC
1.3816 W L X455 h B, ambifaria, 51858 0>
Y51 B. pyrrocinia AFE, DN PR ] BE S AR
U R BB A 4R 43 25 2 728 b K B 3T T 44 R
Biolog 4= fL % 52 ¥ CGMCC 1.10511 % 5& J R
LR , AR HE R RR A BESE 2 2 Bee BAFK
-, H Hh ATCC BAA-245. ATCC BAA-246.
ATCC BAA-247. CICC 23882, CGMCC 1.2982
AJ U E BRUKE . 16S rRNA BLH 751 40 B Y R
AR B bR %€ & Bee BREKF, HiH T Bee
PARNE Y 16S rRNA JER P AR RIS R, Tovk
WERA S5 2 ERIKF

Table 3 Identification results of test strains
Number Biolog 16S rRNA (similar values, %) recA (similar values, %)
ATCC 25416 B. pyrrocinia/cepacia B. cepacia (99.93) B. cepacia (99.79)

ATCC BAA-245
ATCC BAA-246
ATCC BAA-247

B. cenocepacia
B. dolosa
B. multivorans

CICC 23882 B. contaminans
CMCC(B) 23005 B. pyrrocinia/cepacia
CMCC(B) 23006 B. dolosa

CMCC(B) 23010 B. ambifaria/cepacia

CGMCC 1.2872
CGMCC 1.2982
CGMCC 1.10511
CGMCC 1.3816

B. stabilis/cepacia

B. vietnamiensis

Pseudomonas syringae pv. viburni
B. ambifaria/cepacia

B. contaminans (99.71)
B. dolosa (99.86)

B. multivorans (100.00)
B. lata (99.93)

B. territorii (99.79)

B. cepacia (99.72)

B. arboris (99.79)

B. pyrrocinia (99.93)
B. vietnamiensis (99.86)
B. ambifaria (99.86)

B. ambifaria (99.93)

B. cenocepacia (99.89)
B. dolosa (99.79)

B. multivorans (99.79)
B. contaminans (99.70)
B. cepacia (99.80)

B. cenocepacia (100.00)
B. lata (98.40)

B. stabilis (99.80)

B. vietnamiensis (99.70)
B. ambifaria (98.91)

B. ambifaria (100.00)

http://journals.im.ac.cn/actamicrocn
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2.2 Xf Bee AR FIAEIBIRERF
SN RZELZE T

T Bee M 53 K BT 2% B B (Burkholderia
F1 1 AE Bee Fl A &2 Paraburkholderia i 51 /¢
M HutC AR IT T RG L E 40HT,
P AR (] DI IR BE B . Bee Fif
B B3 A HwtC 25 1 & 5 8R F 51 B — 8k R
85.72%-99.54%, 1fii Bec 54 Bee HutC 25 H 1Y
BER T Y — B AEILAR T 85.00%. REKE 5

n

4

Neo)

100

Brai R, Bee PRI R 2 [0 —i#k ko1
71 bootstrap {H#, #&7~ HutC £ FH7E Bee F
BGR TE)AR XS DR SF, g A JE PR AT AR X 43 Bee
5A4E Bee HHEHR
2.3 X hurC E R 1E 5903 1 Z Y
R

i % 2 B A5 X PL. P2 X ATCC
25416 11 hutC FER AT PCR §1% ,  F 3R I s
W] FEAH 7 AR RE S S5, iR

Burkholderia cepacia (WP 059238450.1)
Burkholderia cenocepacia 1114 (WP 006485039.1)
Burkholderia seminalis (WP 069705664.1)
Burkholderia cenocepacia I1IB (AWG29120.1)
Burkholderia metallica (WP 174432875.1)
Burkholderia semiarida (WP 059581643.1)
Burkholderia sola (WP 275925518.1)
Burkholderia stabilis (WP 069749388.1)
Burkholderia lata (WP 174917882.1)
Burkholderia aenigmatica (WP 122948313.1)
Ir Burkholderia pseudomultivorans (WP 060240458.1)
ﬁBurkholderia multivorans (WP 060150898.1)
Burkholderia dolosa (WP 212198288.1)
Burkholderia pyrrocinia (WP 114181375.1)
Burkholderia anthina (WP 175718239.1)
Burkholderia diffusa (WP 060321310.1)
Burkholderia territorii (WP 063552471.1)
Burkholderia ambifaria (WP 006750215.1)

H Burkholderia latens (WP 069243437.1)
8' Burkholderia vietnamiensis (WP 212147954.1)
Burkholderia contaminans (WP 226118330.1)
- Burkholderia paludis (WP 031400885.1)
Burkholderia catarinensis (OJD03751.1)

L’* Burkholderia stagnalis (WP 059801181.1)
31 Burkholderia ubonensis (WP 084909851.1)
Burkholderia puraquae (WP 085038122.1)
881 Burkholderia glumae (WP 035977846.1)

100 HBurkholderia plantarii (WP 198252307.1)
Burkholderia gladioli (WP 217068756.1)

9?Burkholderia arboris (WP 174991676.1)

Burkholderia oklahomensis (WP 010116292.1)
499‘_‘13urkhalderia thailandensis (WP 009890113.1)
87| Burkholderia mallei (GAA5239527.1)
0.50 99'Burkholderia pseudomallei (WP 004193766.1)

El BecRHILSEMETERF MABMCEERFIIRFLERAMAR . Brm HERERTS50%, 4%

AR EIC S s s,
Figure 1

Maximum likelihood phylogenetic tree of the 4utC histidine utilization repressor amino acid sequences

from Bcee and closely related species. Bootstrap values>50% are shown, and the accession number of each

sequence is shown in parentheses.

P4 actamicro@im.ac.cn, 7 010-64807516
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KIREE R 54.0 °Co TEIZIB KIRET X R 19y 50.7. 49.3, 48.5, 48.0 °CH, FR¥EHr A B

K B T Bk 3E 4T hurC FE I PCR P71, ATCC
BAA-245 ﬂl CMCC(B) 23006 Joik k153 F e o 4

SR B R ). S % P3 . P4 XF
ATCC BAA-245 1 hutC K #E4T PCR 973,
FE RS T 25 S T (] 2), 51X P3 FE IR kR
JEh 48.0-55.0 °CIf, BEEIREE b, BRAE Hin
FBOR/NEE Y85, 7ERT 2 000 bp Kb FFTE
— SRARFE MY I AT 1Yk P4 TEIR KR

692 bp

&2 PCRRNMEBMNEEELR,
53.6. 54.5. 55.0 °C; SIYIXIPAXI R KIES-16,

KNI P 1SN, FE 2 000 bp 1 500 bp 75 45 77
FEARRR SR IS, MR GRS TR, RSy
SEY RS, EET B AR
I, 7EJESHRE R 55.0 °CHE N hutC FER 1Y
PCR B KR . [ GIX P4, LIE 1 1Y
Bee BARME MM EAT hueC FEDI P4, P 1 r=
VI ok 45 R 3 o, 45105 W Bk TE 700 bp
R/ INB T 1 S PR S

9 10 11 12 13 14 15 16 M bp

2 000
1000

500
250
100

SIYIXFPIXT N IKIE 1-8, KK KR KR E48.0, 48.5, 493, 50.7. 52.3.,
JF Rk iE1-8; M: DNA marker.

Figure 2 The annealing temperature of PCR reactions was investigated. For primer pair P3, lanes 1 -8
corresponded to annealing temperatures of 48.0, 48.5, 49.3, 50.7, 52.3, 53.6, 54.5 and 55.0 °C, respectively. For

primer pair P4, samples 9-16 corresponded to the same annealing temperatures as samples 1-8. M represents the

DNA marker.

P e e e e e

B3 I E KA CEE G R KM EER

Figure 3 PCR amplification and electrophoresis detection results of hutC gene in test strains. M represents the
marker; Lanes 1-14 corresponded to ATCC 25416, CMCC(B) 23005, CMCC(B) 23006, ATCC BAA-246, ATCC
BAA-245, CMCC(B) 23010, CGMCC 1.2982, CGMCC 1.2872, ATCC BAA-247, CGMCC 1.3816, CGMCC
1.10511, CICC 24958, Negative control, and CICC 23882, respectively.

http://journals.im.ac.cn/actamicrocn
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2.4 X hutC EFE N AT Bee Mk F L
TE B3 E

B 15 1 hueC SER P31 € NCBI #E47 [
(K 4), 12 BRARAERPRTPA 11 AR 5 IR PO
PR FP K Z PR —E, B HXFARUE Y R T
99.00%, Wi hutC JFHIXF Bee FKF (1 % 56 45
WUHEHG ; CGMCC 13816 Y [ X 45 %k B.
ambifaria, 5 recA %R —E,

K- 00 T A5 35 56 R R 1 hueC LR P B S
NCBI "1 Bee 27 MM REFPAE 80 #REARER hueC 751
LA 40 R G0 R B SRR, A TR R B O
B B R (type strain), 55 AR 4R EICH R 122 52 B 5 10 16
e FIACE B HAD AR B R (8] 4), @ 5%

Tree scale: 0.01 —

#4 N ERhutCFIIEETLER
Table 4 Sequences alignment results of 4urC gene in

test strains

Strain number hutC (similar values, %)

ATCC 25416 B. cepacia (100.00)
ATCC BAA-245 B. cenocepacia (99.71)
ATCC BAA-246 B. dolosa (100.00)
ATCC BAA-247 B. multivorans (100.00)
CICC 23882 B. contaminans (100.00)
CMCC(B) 23005 B. cepacia (100.00)
CMCC(B) 23006 B. cenocepacia (100.00)
CMCC(B) 23010 B. aenigmatica (99.71)
CGMCC 1.2872 B. stabilis (100.00)
CGMCC 1.2982 B. vietnamiensis (100.00)
CGMCC 1.10511 B. ambifaria (99.57)
CGMCC 1.3816 B. ambifaria (100.00)

B. territorii

B. diffusa

mm B. viethamiensis

B. anthina

B. latens

B. ambifaria

B. paludis

B. aenigmatica

B. lata

B. contaminans

wm B. puraquae
mm B. cepacia
B. metallica
mm B. catarinensis
B. stabilis
mm B. pyrrocinia
B. semiarida
B. arboris
B. seminalis
mm B. cenocepacia 1114
mm B. cenocapacia Il1B/orbicola
mm B. pseudomultivorans
mm B. stagnnalis
mm B. ubonensis
mm B. dolosa
B. multivorans
mm B. sola

El4 BeeNEFIKFEMRhCFINRG LK EM. T AREKRT50%, ARBEEAFBeckhKF7r2E

oo, FARERUHRR, R E R DU R R

Figure 4 Phylogenetic tree of sutC sequences at different Bee species levels. Bootstrap values above 50% are

shown, and different colors represent different Bec species-level taxa. Type strains are indicated in +, and the

tested strains are indicated in bold.
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BEBS T, RIF) Beo Rl AR RUER KN 97%,  AHROE FIEHIE A, i85 % Bee MUK Hikk

R AR 98%-100%. ARG AT R R,
Bec [m] Fft K S 1 AN [m] B bk 34 DL A v Y TR EL
(bootstrap value) KA & [A]—43 32, A[a]FPKF[H]
XA KA. HIBRAFE 12 £k Bee 50 b 1 R
1) hutC 75T RIS AR B FPKE- 7332
FRZEIREM, huC FEH TP IIFE Bee Fl N RSE
PR, v T Bee BIRPIZKFSEE . Mk T
IR 3BT T, 78 56 BURP KT 1 45 08 Ji5 3 o i —
AT 5 YL 0 hueC SERFA, Q0D H A5 Y
J7 S0 AS ] AT DAHERR H A v e s an i H AR i
FFIARTE], EORNRE E H TS YL li, H it
— B RIR S BT R AR T 7 1A
2.5 hutC ZERFFFIF AT Bee FkFE
TE B4 FE B 5505

T hutC FERTTAE R Bee FPKP-40E 1) —

hutC FEH ) EE X ] 48 R AR 05, SEERAE
AR ARG R BRSO TS Bee FIANFEIF,
F I8 1.8 W AR Y AueC FEH Y 211 >

Z ML R, xR g A OKSF X BE T Y
PLRBEAT AT, BRAGR R 12 AL, AT

5 AE hutC JF4) 192 bp XA, 43 W47 T2
J5 456, 459, 478, 481, 482, 498, 506,
523, 546, 569. 579, 647 (£ 5). X LA
BT RRA G R —A 12 (AR, A
M AEAS X 43 27 Ff Beeo, 2 6 X Bee A [A] # 7E
X 12 A~ B 3 21 AR A9 45 AIE S5 A5 Hp ) B 0k 22 S
77831, 45530 27 A Fhfd e oY o 5L s 2%
SECH N 3 448 1>, BASWIRN Z 8] BT Y RS EC
BN 4.91 (G FEIAE 3.80-7.00), X 7% B B
KA Bee PR B AR 44, X 12 4>

RS hutCEE TS5 B FBeefk 4 E R FHIERE 5555

Table 5 Characteristic base barcode in AutC gene sequences for identifying Bee at the species level

Name of Bec species

Single nucleotide polymorphism (SNP) sites (relative to the full-length AutC sequence)

456 459 478 481 482

498 506 523 546 569

o

B. cepacia

B. cenocepacia
B. arboris

B. seminalis

B. pyrrocinia
B. stabilis

B. metallica

B. aenigmatica
B. lata

B. contaminans
B. purquae

B. paludis

B. pseudomultivorans
B. diffusa

B. territorii

B. ambifaria

B. anthina

B. latens

B. dolosa

B. multivorans
B. vietnamiensis
B. stagnalis

B. ubonensis
B. catarinensis
B. sola

B. semiarida
B. orbicola

oloNoNoNsNoNoNoNONaNsNoNoR-doNoNoNONONONOR-JoNONONON
aoo-=SaocacaHdZrrrrrrpHHd00<S90030004
oloNoNoNeEoRo-doNoNoNoNoNoNoNo RO NONONONONONONONa N
>rroaFaoaarroQroQQQEEPrPrQQQ
acacacar»rHrpraon0n00d0044dd943 00000004

oo rrErrrrroroo
P AAAAAAAE> 3> > AR >
HooQuHAQOHAAAHdHdH00H 93999494944
o000
aoQarroo0Ho000aHO0Q
Ao rnr»raQQYy
H>—]—]v—]>—]H>—]—]>—]—]ﬁ>—]%>—]—]ﬁ>—]>>—]>—]—]ﬁ>—]—]—]—]%

Y: T/C; M: A/C; S: G/C; R: A/G.
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