Original Article

Int J Oral Biol 45:70-75, 2020
PISSN: 1226-7155 ¢ eISSN: 2287-6618
https://doi.org/10.11620/1J0B.2020.45.2.70

International Journal of Oral B\o\ogy

‘ '.) Check for upda‘es

Genome-based identification of strain KCOM 1265
isolated from subgingival plaque at the species level
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The aim of this study was to identify strain KCOM 1265 isolated from subgingival plaque at the species level by
comparing 16S ribosomal RNA gene (16S rDNA) and genome sequences. The whole genome of strain KCOM 1265
was extracted using the phenol-chloroform extraction method. 16S rDNA was amplified using polymerase chain
reaction and sequenced using the dideoxy chain termination method. Pairwise genome comparison was performed
using average nucleotide identity (ANI) and genome-to-genome distance (GGD) analyses. The data showed that the
percent similarity of 16S rDNA sequence of strain KCOM 1265 was 99.6% as compared with those of Fusobacterium
polymorphum ATCC 10953 and Fusobacterium hwasookii KCOM 1249". The ANI values of strain KCOM 1265 with
F. polymorphum ATCC 10953" and F. hwasookii KCOM 1249" were 95.8% and 93.0%, respectively. The GGD values
of strain KCOM 1265 with F. polymorphum ATCC 10953" and F. hwasookii KCOM 1249" were 63.9% and 49.6%,
respectively. These results indicate that strain KCOM 1265 belongs to F. polymorphum.
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Introduction

Fusobacterium nucleatum2 12 S40|HA HIf §7|40l 4t
S(fusiforme) MZ2 2, FZLO0IA AL (biofilm) &
HHHO| SQ$ HAES ot= WO R UM UCH1,2]. F. nucleatum
DNA-DNA hybridization (DDH)t Ml Z&| CHutElol 2|03 Z ot
OIS & M7|¥S IHE 2401 I3 37H2] OFE(F. nucleatum subsp.
nucleatum, F. nucleatum subsp. polymorphum % F. nucleatum
S|ACH3]. HI=gt AZ|0ll F. nucleatum
2 glutamate dehydrogenase®} 2-oxoglutarate reductase Tl
Zo| M7|¥s I{EIt DDH 240f 2|5 47tX| OFB(F. nucleatum
subsp. nucleatum, F. nucleatum subsp. polymorphum, F. nu-

Sy Y T

i |0 ot i

subsp. vincenti)CZ &

cleatum subsp. fusiforme 2 F. nucleatum subsp. animalis)2
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2 2FEACH2,4,5]. F. nucleatum subsp. fusiformedt F. nu—
cleatum subsp. vincentii= 22702 RHXES 0|&St CHERY ME
EXM(multilocus sequence analysis)Ofl 2laH F. nucleatum subsp.
vincentii2 S0 MHEZE|ACHE].

16S ribosomal RNA SFXH16S rDNA) E7|MEH| w2 M H 0t
DDHe M9l -’é-—%“—-’-.f-oﬂ/\‘l SYot= o &2 7|—’-‘-(go|d standard)
OF 0|EERACH7,8]. F, 0[0] YT Mz B2 e B-pF
o=z SHZ o= #F 79| 16S rDNA 5—*.' | M9l 4540|
97-98% O|A0|11, DDH 70| 70% O A

R o
oet & BFE 2

T ET
501 45f 202 TSI 8l Ol 5 DDH= 09 MiCIEL.
ot 3 ol w2k BR} Sk E0l QSO Hia Aiep)
MY Zeo| =8N ST MZ Kl HMH7|NE HFHE 0183
FRES 20| 4SS BAGIE TRIU0| HHUERIA, DDHE B
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SH= average nucleotide identity (ANI) 2 genome-to—genome
distance (GGD) 2A#150| DDH M3 thAISHAl EIACHI-13].
Z|2 Mz X5 SHMAFTIMES 08010 ME 257 S0 0|8 &
2, 4F 22 732 16S rDNA MBI IS 4SH0| B M=t
3O EETFO| A1} 98.7% 014 22, ANI EE= GGD 2Ai#s
0|25H0F SICt= MQH0| YWHEEIACH14]. 22 F. nucleatum2l 47t
X| OFBE(F. nucleatum subsp. nucleatum, F. nucleatum subsp.
polymorphum, F. nucleatum subsp. vincentii, F. nucleatum
subsp. animalis)2 ANI & GGD 2A4%0i| 2ol S-+=(F. nuclea—-
tum, F. polymorphum, F. vincentii, F. animalis)2 2 MHEF AT
[15].

TUOZHE] H2||0 16S rDNA SHAET|A A M2t F
nucleatumQz SFE0 St L0 WSAHA2Y0| 7|EH=|RACE. ot
X2t KCOM 1265 #F=2| 16S rDNA SAHT|ME L Fusobacte—
rium hwasookii BZ=mZ(KCOM 1249N°} F. polymorphum (0|&
Ol F. nucleatum subsp. polymorphum) BZE73(ATCC 10953")
9| 2t BF 90.6%2| #SHE HH B-+F2= 0| HRSIVULY.
282, 2 7= KCOM 1265 #32| X siMHAT|IMES HIZo
2 Z-+F2= SHol/| fIot0 AIY=|RACt.

Materials and Methods

1. Mzt 2 HHSS

2 A7 AtESH KCOM 1265 dF= SH=EALOIMEXES
gli(Korean Collection for Oral Microbiology [KCOM], Gwangju,
Korea)OflAl 22H0F AL5HICE. KCOM 1265 3= tryptic soy
agar (TSA: BD Difco Laboratories, Franklin Lakes, NJ, USA)O]|
yeast extract (215 sk, 0.5% ), hemin (0.5 mg/mL), cysteine
HCI-H,0 (0.05%) & vitamin K, (2 mg/mL)S Z7Ist HiX|SE At
SO HHYSIULY. Ol =& 7tA(10% H,, 5% CO, & 85% N)E =
USH &7 HIZ7|(BACTRONEZ; Sheldon Manufacturing Inc.,
Cornelius, OR, USA)U{IA 37°C ZZA0f|A] HHRLSH0] =2 ASH0| Ar2St
ALt

2. 16S rDNA F7|MES 0|82 ASERSH 24

KCOM 1265 #Z2| X|i= DNA= Cho S[16]0| HA|SH H=:22
22 FEHOZ FE010{ AEoIUL.

KCOM 1265 ©#Z2| 16S rDNAE= universal primers@l 27F (5’
-AGA GTT TGA TC[A/C] TGG CTC AG-3’) & 1492R (5'-TAG
GG[C/T] TAC CTT GTT ACG ACT T-3’) [17]2 0|5}t pGEM-
T easy H#lE{(Promega Corp., Madison, WI, USA)H| 22dst11
(18], EHIE AH(Daejeon, Korea)0l| 2|Z|5t04 F7|ME S AMSIRACE.
KCOM 1265 2| 16S rDNA SMATIME S GenBankoi| 7|Elst

CHTable 1). KCOM 12652 ASEFsHN 2M0] &1 ALEE Al
o Z9| ZETFQt 159| 16S rDNA A7 ME 2| GenBank ac—
cession numberS2 Table 101 H2[5tRILCt.

KCOM 1265 = 3! 0|2t RTSHEC = 71E 72 Fusobacteri—
um EE92| 16S rDNA SiAIH7 M B A=A MegAlign program
(DNAStar Lasergene™ 8.0; DNAStar Inc., Madison, WI, USA)
£ 0|2510 Fat¥en, 0| CLUSTAL W algorithma AH5HICH
[16]. &3, MEGA 6.06 2122 0|235}04[19], A54(phyloge—-
netic tree)= neighbor-joining method [20]& 0|&35t0] YLt O
I AS+2 2FEEE 1,000 0] 2/t bootstrap £A1R[21]22

Z7YoIALt.

3

3. Mt Xl ALF7IME

Y

KCOM 1265 ©29| K|z et AHT|IMEE PacBio RSII platform
1 Hiseq platform (0|21 Mg /&) 0I&510 2, 0
= Macrogen AHSeoul, Korea)0il 2|2[StRLCE. 0|t DNA library=
20 kb SMRTbell templates2t Truseq DNA PCR free (350) Et
2 0|Z3ICt. 2tZt2] DNA libraryOlA RI0ZI SHAHATIMEE2 RS
HGAP Assembly 3.0 [22] Z2#9| 7|2 ZM(default option)
2 0|2510, M2 X&Hde novo assembly) HHOZ % KCOM
1265 #3 K& HMHI|IMES AHOIU2H, 0|2 GenBankd|
7|EfotCHGenBank accession number; PEQW00000000).
KCOM 1265 d#32| K|z HMHT|IMES HIEHCR ot Xz FAH7|
(genome annotation)= NCBI Prokaryotic Genome Annotation

Table 1. GenBank accession numbers of nucleotide sequences of
genomes for strain KCOM 1265 and closely related type strains of
Fusobacterium spp.

GenBank accession number

16S
ribosomal
RNA gene
MK788222 PEQWO00000000
GQ301039 NZ_CMO000440

Species and strain
Genome

KCOM 1265

Fusobacterium polymorphum
ATCC 10953"

Fusobacterium hwasookii KCOM 1249"  FJ471641  ALVD00000000
Fusobacterium nucleatum ATCC 25586" GQ301038 NC_003454

Fusobacterium vincentii ATCC 49256  GQ301040 AABF00000000
Fusobacterium animalis ATCC 511917 GQ301042 AFQDO00000000

Fusobacterium periodonticum GQ301043 ACJY00000000

ATCC 33693'
Fusobacterium pseudoperiodonticum FJ471665 PEQY00000000
KCOM 12597
Fusobacterium simiae ATCC 33568" M58685
Fusobacterium naviforme DSM 20699"  AJ006965
Fusobacterium canifelinum RMA 10367 AY162221
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Pipeline (NCBI Genome Submission Portal; https://submit.
ncbi.nlm.nih.gov/subs/genome)= 0| 25tFCH23].

4. Mz Xz AL E7IME Hl 2 A0 2et Z-+F0M2
33

KCOM 1265 #3 K|z HMHIIMES 0|8 S-+F0N
o SHE Qlal, ANl B (http://www.ezbiocloud.net/tools/
ani; ChunLab, Seoul, Korea) [24] & GGD £AM%H(http://ggdc.
dsmz; German Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany) [25]2 O|20ol%ICt. 2 HAFUA AtE
El KCOM 1265 @3 QMSIXOZ JPIR Fusobacterium S5
o HEAF K|z S#AAEI|IMEL GenBank HIO|EH|0|A(https://
www.ncbi.nlm.nih.gov/genome/?term=fusobacterium+period
onticum)0i| S2& ZS A25IRCH, 0[52| GenBank accession
numberS2 Table 10f M|t

Results

KCOM 1265 %2}t 107§ Fusobacterium & BE&d3 7t9| 16S
rDNA M7 |IME HSES 245 A1, KCOM 1265 #3 16S
rDNA S#AH7|MEL F, hwasookii KCOM 12499} F. polymor-
phum ATCC 109532 Zi1} 7ha &2 AE4(99.6%)2 EACHFig.
1). EESt, Fusobacterium canifelinum RMA 1036'2] 16S rDNA &t
AET|IMEUE 99.2%2| =2 MEHS HACKFig. 1). KCOM 1265
o3 ¥ =2 HAF0|A 0|88t 1070 Fusobacterium & EERAFE2
16S rDNA iMH7IMES HIEC 2 AS2FeA 241 A1, KCOM
1265 @3F= F. polymorphum ATCC 10953'@} 22 E£X|(cluster)

£ YH6IRCHFig. 2).

KCOM 1265 X|z siME7|IMES A% A, 2749 contigsS
AUt IF Stt= 2,541,594 bpE AHE0 UCH, oFd #XE
7tX GAH|(chromosome)?! 222 HCHhttps://www.ncbi.
nlm.nih.gov/nuccore/NZ_PEQW01000001.1). 0§7|0ll= 2,33774
CHHEL 5IHMO| 5S, 165 U 23S rDNAT} S EHE|0f QUL T2
StLtz 13,120 bpE F4E &Fd FXE 0[FUL, 117H2] HHEHEO|
AS S0 UACHhttps://www.ncbi.nlm.nih.gov/nuccore/NZ_
PEQW01000002.1).

KCOM 1265 # K|z MBI IMEE HIECE Z-+FC= 53
5t7| 2/5H ANIt GGD 2442 o 21, KCOM 1265 K=t F. poly—
morphum ATCC 10953" XI5 Z+| ANI 40| 95.8% %20, GGD
22 63.9% (61.0-66.7%)FALCt. HHHO| KCOM 1265 @32t L2
Fusobacterium S&2| B&=#FE1t2| ANI .= GGD g=0| 242t
93.0% O[5} 2! 49% (47.0-52.2%) O|5tRACHTable 2).

Discussion

2 ¢+ A, KCOM 1265 #3&= 16S rDNA &7 |AMEH|wH 2
K= A7 IME HEd BAROI ANI2 GGD 2480 2lsl F.
polymorphum@! 2422 S3=(UCt.

Nizto] Z-F0l|A2] SH0il UM 16S rDNA 7| M EH|uH
MM CHA M B2 BEAF2 A 458 SQ0HX(E AS
(phylogenetic tree)OllM Z+2 EX|0f| £5t11, X2t HAEM
(bootstrap value)= SR8}t &2 HFL0|A] KCOM 1265 #F2| 16S
rDNA A7 | MEL F. polymorphum ATCC 10953'Q} Z+2 2X|
(clustenE SMolHN, HAE- 10| 64%ICt 0|25t EAE Zt

2 1,000HEAEHY gt 71 O 4HY) g=510 AS+E 2E O,

N > HI

Strain 1 2 3 4 5

(o)
~

1 100 | 995 | 99.0 | 985 | 989 | 98.0 | 97.8 | 98.4

98.1 | 97.3 | 98.7

Fig. 1. Percent similarity of 16S ribosomal
RNA genes between among strain KCOM

1265 and closely related type strains of Fu-
sobacterium spp. Multiple sequences were

aligned using the CLUSTAL W algorithm and
sequence similarities were calculated using

the MegAlign program (DNAStar Lasergene™
8.0; DNAStar Inc., Madison, WI, USA) [16].

Strains: 1, Fusobacterium pseudoperiodon-
ticum KCOM 1259"; 2, Fusobacterium peri-

odonticum ATCC 33693"; 3, Fusobacterium
hwasookii KCOM 1249"; 4, Fusobacterium

2 100 | 99.1 | 985 | 989 | 981 | 979 | 986 | 983 | 974 | 98.8
3 100 | 98.9 | 994 | 986 | 984 | 99.1 | 98.7 | 98.0 | 99.6
4 100 | 98.8 | 986 | 985 | 99.2 | 988 | 98.3 | 98.8
5 100 | 985 | 98.1 | 99.0 | 98.7 | 979 | 99.6
6 100 | 984 | 98.6 | 994 | 98.0 | 985
7 100 | 98.3 | 984 | 98.1 | 98.2
8 98.8 | 98.0 | 99.2

nucleatum ATCC 25586"; 5, Fusobacterium

polymorphum ATCC 10953"; 6, Fusobacte-

9 100 98.0 98.7 rium vincentii ATCC 49256"; 7, Fusobacterium

animalis ATCC 51191"; 8, Fusobacterium
10 100 | 97.8 | nifelinum RMA 1036"; 9, Fusobacterium
1 100 | naviforme DSM 20699"; 10, Fusobacterium

simiae ATCC 33568"; 11, strain KCOM 1265.
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—

F. simiae ATCC 33568" (M58685)

54 F. animalis ATCC 511917 (GQ301042)

53

F. nucleatum ATCC 25586 (GQ301038)

F. canifelinum RMA 1036" (AY162221)
ﬁ‘: F. polymorphum ATCC 10953" (GQ301039)
KCOM 1265 (MK788222)

87| ——— F hwasookii KCOM 1249" (FJ471641)

1] S F. pseudoperiodonticum KCOM 1259 (FJ471665)

0.002

Table 2. Results of average nucleotide identity (ANI) and genome-
to-genome distance (GGD) analyses of strain KCOM 1265 and
closely related type strains of Fusobacterium spp.

Query genome;
KCOM 1265

Species and strain ANI GGD value

value (confidence-
(%) interval) (%)

Fusobacterium polymorphum ATCC 10953"  95.8  63.9 (61.0-66.7)
Fusobacterium hwasookii KCOM 12497 93.0 49.6 (47.0-52.2)
Fusobacterium nucleatum ATCC 25586" 921 45.8(43.3-484)
Fusobacterium vincentii ATCC 49256" 91.3 43.3(40.8-45.9)
Fusobacterium animalis ATCC 511917 90.1 42.4(39.9-45.0)
Fusobacterium periodonticum ATCC 33693"  86.8  32.9 (30.5-35.4)
Fusobacterium pseudoperiodonticum 86.2 31.7 (29.3-34.2)
KCOM 12597

E

XIE NS &E0| 64%2t= 20j0|H, Ol= AlS4=7t LOtLt QP st
7tE 2ojict SA HAEY 20| 60% 042l X|= QHYSHTtr T
HEICt 5HX|2t, 0]218H KCOM 12652] 16S rDNA S#AIHT|IME0| F.
hwasookii KCOM 1249} F. polymorphum ATCC 10953 #&5
O] M B 99.6%ztE £2 HSHE H0|7| HE0, 16S rDNA &
AMAT|IME HwEMOIOZ= KCOM 12658 S-+Z02 s™E £
= QUCHD THE|UCE

2ot 22 0|]E, ZF Kz HAUFEI|IMG 454 24! ANILt
GGD EA#E 0|2510f KCOM 1265 B30 Z-2ZF0MQ SXS
AL} O™ 72t EH B Mot & BEAT =
GGD %{0] 2Zt 95-96% %! 70% O|A0|H, 1 #FxEe BX Mz &

OF YOl ECH24,25]. 2 A7 At KCOM 126562

-

YY) E— F. vincentii ATCC 49256" (GQ301040)

H — F. periodonticum ATCC 33693" (GQ301043)

F. naviforme DSM 20699' (AJ0O06965
—— ( )

Fig. 2. Neighbor-joining phylogenetic tree
based on 16S ribosomal RNA genes (16S
rDNA) of strain KCOM 1265 and closely
related type strains of Fusobacterium spp.
GenBank accession numbers of 16S rDNA
of strains were written in parentheses. Stabil-
ity of phylogenetic trees was assessed by
bootstrap analysis of 1,000 replicates using
MEGA version 6.06 [19]. Bar indicates 0.002
changes per nucleotide position.

ol ZoIRAX|2, GGD 22 00l &f 6.1% DIX|X| ZotiCt. 0|
42, 5 o 712 16S rDNA SHMAT|IMEL| 4S40] 98.7% 04
M Z2 ZOo= WMEEICH26]. 22 16S rDNA SiAE7|AME H|W
M| T2t Fusobacterium periodonticumQ2 2FEIAE 14
7§ @37t ANl £= GGD 242 Sl Fusobacterium pseudoperi—
odonticumQZE MEF EAH AN 1 0|E FO0IE 4= ULH26].
1 HAFOM 1470 22| 16S rDNA A=5M2 99.3-100% %2
ANI 22 95.3-96.3% X2t GGD 22 61.6-72.5%ALH26].

Mzt B-Z0IMQ 2F01 UM 16S rDNA sAATIMBLS <
1.5 kpb MM K|z HAMHT|IMSB(L 2,000 kpb 0ol HIsH &4
AMHETIME 2717 IR =D, ANI Y GGD EMHE AT |ME
o M3H EMO0| 7|8l ME Zore [, 16S rDNA SAE7|ME H]
WERMHO| FAIE = ULt SHXIEE 16S rDNA siAA7|IME HiwE
M2 OF2 M2t B 2F00 UM &3 7|1&2| SHE ARBEL
Ct. 1 07 & ottt= Mol Ziak 2P0 UM, 16S rDNA it

22 Mz & 710l 240 11 FHO{Lt7| 20|}, J32

Rl

=

ol

St 7|Z2(E0H I0HD SE2tE, 16S rDNA SiMH7|IME9| M4SN
0] 97% O|5l2tH, Z2 J0|2t & == Qitt[27]. OlsH siFdt= Mt &
0| Streptococcus periodonticumO|CH27]. 32219 FLZof|A 22|
=l ChDC F135 (= KCOM 2412) #Z& Streptococcus anginosus
BZEAFZ(NCTC 1071312 X5 A 7| St ANI 240] 95.6%%
X|2t, 16S rDNA AT IMB| 4F40| 95.7% 7| =20 LS
(Streptococcus periodonticum)Q2 2FE|ALCE. &, el S
TO=9| SHO| UM, F == 7+2] 16S rDNA etAMAT|IME Hlw
AN = HMATIMES 0188 ANI EE= GGD 244 At}

A
2= AR50, IS0| 22 M Z0|2t0 THE 4~ ULt
0|At9| ZuIZ QOF5tH, KCOM 1265 #E= F. polymorphum

ATCC 109532 16S rDNA SHAH7| B0t 99.6%2| ASME, F.
polymorphum ATCC 10953'9| X[ S#AE7|ME 1} 95.8%2| ANI
22 BERA710f| F. polymorphum?@l 240 2 mete|rt
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