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gyrB MFEBIY) UP-1S/UP-2St il A= T A4 TRk
) B A7 PR F 6 A
1.3 RE\EHEKE

PCR{¥: Brfinyk ESCO 2w, BfgHLikAL: 35
GE Awl; #IK: Bilgasanl; A il
—fE A
1.4 Fik
1.4.1 S

IR 25 g N 225 mL 2216E WA 5 35 5L 1 o
JE R REIRAT 2216E BilE-F-Hl, 30°CHE 5% 48 h, HUHLIE
I T AL
1.4.2 16S 5 gyrB F5$2HL

FHANGEHE 4] DNA 30700 &, B2 IO R 1 8
DNA; 435I 16S 5 gyrB § 8451994, Fifd PCR
FEPI K AL, 2R T AR TR (R B AT
FRZS =1 o

16S 4744 55 4: 94°C AL M 4 min; 94°CAEM: 30 s,
65°CiE k 40 s, 72°CHEAH 90 s, I 35 MFIF; 72°CHE
{#1 10 min,

gyrB § 3G S 94 CHASYE 4 min; 94°CAEE
1 min, 60°CiE K 1 min, 72°C ZE{# 2 min, 335 PER;
72°CHEfH 10 min,
1.4.3 16S 5 gyrB 3 Xt 534kt

B FE 45 RAE Genbank #EA7HEXF . A g
PIHERRTE, B gyrB MRRIEER ST 1 000 550
A TR AP R T O PR T EEXT, f34E ATCC . NCTC.,
BCRC. DSM 4 /> TH R OO B RE o T 2 (LT i
1) 16S 5 gyrB 41, 4351 BioEdit!" il Clustal X%

F 1 GenBank R Gl 16S 5 gyrB 758 £k
Tab. 1

PEAT HEXT RN g, ORI, 51 16S. gyrB
M 16S 5 gyrB LIEPHEF I MY, SRR AL
Bk, F Paup* 4.0 M HEESELATS 2 kPR KA FT
ATCC 259224 1 M
1.4.4 AFEALTIE

22 (AAZR A0 %8 T ) VIRl rafe
A A NG MoK ZERLRT R ) BT RRE

2 HEREHM
2.1 B#HMH Bk

I e O e 5 B — BR 2 ECBHAME AT, 77 2
M, BEEE, B2HA, g5 8 HX2019004,

2.2 16S 5 gyrB A B WA

M s 16S 5 gyrB J¥ 5 PFE2 G A 50X 35853 51
41430 bp F11 115 bp.

2.3 FAltkbst HatieatM

16S JPHI LT Rvh, mAH U bkt 2, HZ
AR TCIE RS B Z AL R iP5, T gvrB T3
FEx g S, 2RI AT 3REL 16S 751, I,
LL gyrB AL EBRIE B BE, T4 168 55 gyrB 5
Fel(FE 1), a5 16S. gyrB 1 16S 5 gyrB
I PHE 75 W 4

168 Xt KRk BAREST B, RO X
I 1 440 bp(F gap); gvrB X Bk BANEE ST A
B, B PLIX K 1056 bp(F gap). AEEHELAANE 1
JiR, AWEET 16S P FIFgEE, B WILT gyrB IF 51K
#, CWIET 16S 5 gyrB PHEF I, THERECH
1000, 50Nk 2 fims,

Bacterial strains in GenBank with similar 16S and gyrB sequences

=
e R Bk L)
16S ayrB

1 Bacillus licheniformis ATCC 14580 CP034569.1 CP034569.1
2 NCTC 10341 LR134392.1 LR134392.1
3 ATCC 9789 CP023729.1 CP023729.1
4 BCRC 1435313 AY167869.1 DQ309324.1
5 BCRC 117021 NR116023.1 DQ309295.1
6 BCRC 1541313 DQ993676.1 DQ309325.1
7 NCTC 8721 LR134165.1 LR134165.1
8 BCRC 12826!"% EF423608.1 DQ309323.1
9 Bacillus pumilus ATCC 271420 AY876287.1 AY167870.1
10 NCTC 10337 LT906438.1 LT906438.1
11 ATCC 706177 AY876289.1 KF194263.1
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. e FHE
T R ARG
16S gyrB
12 Bacillus sonorensis BCRC 1753213 DQ993679.1 DQ309304.1
13 BCRC 17416!" EF433411.1 DQ309300.1
14 Bacillus paralicheniformis ATCC 99452 CP005965.1 CP005965.1
15 Bacillus jeotgali DSM 18226 CP025025.1 CP025025.1
40 1x2019004
A 53| Bacillus licheniformis ATCC 14580

3 Bacillus licheniformis NCTC 10341
Bacillus licheniformis ATCC 9789
Bacillus licheniformis BCRC 14353
Bacillus licheniformis BCRC 11702
56 Bacillus sonorensis BCRC 17532
Bacillus sonorensis BCRC 17416
= Bacillus paralicheniformis ATCC 9945a
29 Bacillus licheniformis BCRC 15413
93 Bacillus licheniformis BCRC 12826
Bacillus licheniformis NCTC 8721
100 Bacill_uspumilu; ATCC 27142
i | chzllus pu_mllus NCTC 10337
Bacillus pumilus ATCC 7061
Bacillus jeotgali DSM 18226
10 Escherichia coli ATCC 25922

54

N

HX2019004

B 100|, Bacillus licheniformis ATCC 14580

Bacillus licheniformis NCTC 10341
Bacillus licheniformis ATCC 9789

Bacillus licheniformis BCRC 14353

Bacillus licheniformis BCRC 11702
100 Bacillus licheniformis BCRC 15413

100 Bacillus licheniformis NCTC 8721
00r Bacillus paralicheniformis ATCC 9945
Bacillus licheniformis BCRC 12826
100 100 | Bacillus sonorensis BCRC 17532
Bacillus sonorensis BCRC 17416
100 r Bacillus pumilus ATCC 27142
\_{ Bacillus pumilus NCTC 10337
Bacillus pumilus ATCC 7061
Bacillus jeotgali DSM 18226
0 Escherichia coli ATCC 25922
HX2019004
C 100 6Bacillus licheniformis ATCC 14580
'Bacillus licheniformis NCTC 10341
48l 1 Bacillus licheniformis ATCC 9789
6aBacillus licheniformis BCRC 14353
Bacillus licheniformis BCRC 11702
Bacillus licheniformis BCRC 15413
100~ Bacillus licheniformis NCTC 8721
100 Bacillus paralicheniformis ATCC 9945a
99~ Bacillus licheniformis BCRC 12826
08 100 | Bacillus sonorensis BCRC 17532
Bacillus sonorensis BCRC 17416
. . 100 Bacillus pumilus ATCC 27142
' f Bacillus pumilus NCTC 10337
100" Bacillus pumilus ATCC 7061
——————— Bacillus jeotgali DSM 18226
Escherichia coli ATCC 25922
- 10

F 1 3T 16S 5 gyrB FEAIFLRT (A KT 16S T4, B HT gyrB JEH), C FT 16S 5 gyrB PHEFH)

Fig. 1 Phylogenetic trees based on sequences of 16S and gyrB (A for 16S, B for gyrB, C for merged sequences of 16S and
gyrB)
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k2 ETF16S 5 gyrB FHIMHUMSEE
Tab. 2 Parameters of phylogenetic trees based on the
combined sequences of 16S and gyrB

PR MK —EERRS REES FRER

A 755 0.964 0.863 0.036
B 981 0.843 0.855 0.157
C 1741 0.893 0.852 0.107

M TR LA, AU H] 16S Fr 91k i i kAL
WA JPECA R AEAR, JCIAMERE (7 HX2019004 itk
Y Bacillus licheniformis . Bacillus sonorensis . Bacillus
paralicheniformis WAL X F; AUE R gyrB 751k 2
M HEAL R B BRI A FEME S, (H— S48 8(CI)
BAK, H HX2019004 H#k5 Bacillus paralicheni-
Sormis W RRRMAIEGE L, 5 A WAATERRIZ
s, M 16S 5 gyrB PHERF I E R EALR C
th, 6 — KRR IR G R G TE— A, Rk A
JEAEX T 98, RUIFAKEHMER, HX2019004 1§
WS A AR R S T7E—AL, HRMEY 100, KW
TR R R MR 2 LR B AT RE M
2.4 AEABE

PR HX2019004 RIS . KAFSERT | i8I
RRE, WA IR R RO BRI, WIR PR A | BT
EWE . AKE . HERRE IR, "R, AT whliktk,
AI7E pH 5.5~8.7 JLFEIN . 0.001%% il . 7%NaCl, K
SABEPAEAC, V-P L BB SN P ANRELER
R, AREiA-UIsER, NIk 2R, U0
SIS Jsz vy St B o et SR AR 2 AT PR AR
HEACRRIEM &P, 5 i R —30, i
Bacillus licheniformis HX2019004 .

3 &

FIH 16S 5 gyrB SR A S, RStk
O — bR AR ZK TR 645 31 A0 28 MO TR HX 2019004 i
T 78 N MDA ZE AT TR, R IR TE DR ST P 4 1 B
AHRIBE RN 73 2K 5 th AR AR E. 5%
FH B 38 finm 7 56 PR 7 A B, O TR A D,
BF ), R A 2R s 5 2 B R A R 04 T A
L, T3k G AR S R 22 TR A v 2 RS 25 0L, B
T e R T — A ARSI I TR A
HoAb G S50 v A R
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Identification of a Bacillus licheniformis strain from seawater
using a phylogenetic tree based on 16S and gyrB gene sequences

FU Qi, LIN Jun-jie, GAN Mei-yu, LU Yuan-qin, XIAO Yu-juan
(College of Environment and Public Health, Xiamen Huaxia University, Xiamen 361024, China)

Received: Oct. 18, 2019
Key words: 16S; gyrB; phylogenetic tree; Bacillus licheniformis

Abstract: For identifying bacteria with highly similar conserved sequences, 16S rDNA does not provide adequate
resolution for comparative sequence analysis; therefore, more DNA sequences and analysis models are required for
classification. To develop a rapid identification method, phylogenetic trees based on 16S and gyrB gene sequences
were investigated. A strain of bacillus was isolated from seawater, and the 16S and gyrB genes of the strain were
amplified with universal primers and sequenced. Using BLAST in GenBank, other strains with similar 16S and gyrB
genes were selected. Phylogenetic trees based on 16S and gyrB genes were constructed using PAUP* 4.0. In the tree
constructed using sequences of both 16S and gyrB genes, strains belonging to the same species were clustered to-
gether, the self-expanding values of the branches were higher than 98, and the classification structure was accurate.
The isolated strain polymerized with Bacillus licheniformis in the phylogenetic tree, and the self-expanding value
was 100. Physiological and biochemical tests verified that the strain belongs to the species B. licheniformis. Thus,
the identification of this strain of B. licheniformis obtained by construction of a phylogenetic tree based on the

combination of 16S and gyrB genes was accurate, rapid, and simple.
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