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This study was conducted to develop a selection marker for the identification of the Bacillus lichen-
iformis K12 strain in microbial communities. The strain not only demonstrates good growth at moderate
temperatures but also contains enzymes that catalyze the decomposition of various polymer materials,
such as proteases, amylases, cellulases, lipases, and xylanases. To identify molecular markers appro-
priate for use in a microbial community, a search was conducted to identify variable gene regions
that show considerable genetic mutations, such as recombinase, integration, and transposase sites, as
well as phase-related genes. As a result, five areas were identified that have potential as selection
markers. The candidate markers were two recombinase sites (BLK1 and BLK2), two integration sites
(BLK3 and BLK4), and one phase-related site (BLK5). A PCR analysis performed with different
Bacillus species (e.g., B. licheniformis, Bacillus velezensis, Bacillus subtilis, and Bacillus cereus) con-
firmed that PCR products appeared at specific locations in B. licheniformis: BLK1 in recombinase,
BLK2 in recombinase family protein, and BLK3 and BLK4 as site-specific integrations. In addition,
BLKI1 and BLK3 were identified as good candidate markers via a PCR analysis performed on sub-
species of standard B. licheniformis strains. Therefore, the findings suggest that BLK1 can be used
as a selection marker for B. licheniformis species and subspecies in the microbiome.
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Bacillus licheniformis K122 19| A] W2 RE Zg
H #FF-olt}. Bacillus velezensis K102 £ Aol A A}
o Aol Al 287 #5019, Bacillus subtilis KCTC2217
9} Bacillus cereus ATCC11778% A EAH Al H (Korean
Collection for Type Cultures)®} ATCC (American Type
Culture Collection)ZK-E] £F ¥t} B. licheniformis 3

21 KCTC1030, 1659, 1831, 3056 5 < KCTCZF-E

°o tx‘—_“’]' 2 AT AHEstAT BYH 4752 LB
Al g A F-2 NB HA| 2 ] oA 30 =
37°COll Al 16~24413F vl Fato] B Ao *}Q‘O}%q
3, 3 F-AAE NCBI (https:/www.ncbi.nlm.nih.gov/) =
XE] B. licheniformis SCDB 14, GCF_002074095.19] 7
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vlg| 2o} Alx DNA % 7] E Ver.3.0 (TaKaRa Korea,
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oA 7= DNAE #3313, ©] DNAE F34 L&
Aol AR8-SFATH

2] ¥ DNAT Covaris 82 254 X & o] &3t &
AR gAsE GAE AX F, Truseq Nano DNA sample
prep kit (Illumina, Inc., San Diego, CA)< ©] &3} 350
bps®] DNA o g 744 gtelBelgE 753Ut
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Table 1. Examination of chromosome-modifiable genes

Genotype BL K12 BL SCDB 14

Total nucleotides (bps) 4,338,510 4,342,466
Total amino acids 4,412 4,474
Plasmid No 1 1
Integrase 7 2
Recombinase 11 7
Transposase 35 5
phage 120 42

Total 173 56

*BL K12; B. licheniforms K12, BL SCDB 14; B. lichenifor-
mis SCDB 14, GCF_002074095.
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Table 2. B. licheniformis K12 candidate markers

00195, BLK1~3), integrase 3 A7} 17H(BGLPMFGA_
01007, BLK4), phage 4% F A7 171(BGLPMFGA _
00197, BLK5) 522 et BGLPMEGA 00195%
AA EAAH A7 A integrase AH FHAR TR/
o] ARAT, FE5A S AAES= F A recombinase
2 AEF A
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BGLPMFGA 00209+ Bacillus sp. 7586-K recombinase
RecTS} 84S RSP oH, 867 bpsZE T/ = A thH(Table
2). BGLPMFGA_00209 f+3=}+e] 454 vla A3 B. li-
cheniformis P8 B27} 100% Y X]g HkA ol YR 55
o] F-HA= 90% query coveroll A 94.66% Tl RFe] A5 A
< BH3ta Stk 53, 3-wetellA] 787 bpsEHE F
SAH7LA 80 bps7t AH 3| A= o] JYATHFig. 1A E
B). BGLPMFGA_00209+ %A #242479] contig 1
176,422~177,288 bps2] @Al A3 A} h(Fig. 1B). T

E 3o R g I FolA 1 kb AH7A] gAsto]
FERE BAst B Ay Aol e AR HA g
A2 YElgth(data not shown). BGLPMFGA 00209 ORF
= Bacillus sp. 7586-K2] Recombinase RecT<} 80.4%2] 7
43S 297 W& recombinaseZA] GT-& F3PT A
o2 FAEAY. Enterococcus faecium| 4] RecT recombi-

nase= EAWOlE DNA 3 $& A= DNA°ﬂ A, A&,
ST EE way 53 HgL 7SI eE
of mAENA FAAEC] JAo Fa7 o
e Aoz F=AHAY3]. wekA BLK1 +3 A
licheniformis K12 Ujoll E-%0] %)= BGLPMFGA
00209 SRz}l AEAo] A EHO Q= BES 735}
T2 7 dYolA 3-27tA] 474 bps PCR product 7}
AREEE TR = JAK(Table 3 ¥ Fig. 1B).
BGLPMFGA 02924+ recombinase family protein ©] 1,
1,632 bpsZ TAETHTable 3). & orf ¥ & o2 |
kbps up- ¥ down stream F ol th3l] FFA S 43 A
3} B. licheniformis subspecies 2 €5 Bacillus & % °ll 4|
83% ©1’d2] query coverZ 84.44% ©]’¢2] FF3E HIA
9k, Bacillus species {toll= ]9~ W07} =2 Ao = H&
= A TH(Fig. 2A, Fig. 2B). Bacillus T-FE°l Tl tF-£<

Candidate marker Sequence name Description Length (bps)
BLK1 BGLPMFGA 00209  Bacillus sp. 7586-K Recombinase RecT 867
BLK2 BGLPMFGA 02924  Bacillus mesophilum Recombinase family protein 1,632
BLK3 BGLPMFGA 00195  Niallia nealsonii Tyr recombinase domain-containing protein 876
BLK4 BGLPMFGA 01007  Bacillus dafuensis Site-specific integrase 1,125
BLKS5 BGLPMFGA 00197  Bacillus subtilis (strain 168) SPbeta prophage-derived 600

uncharacterized lipoprotein YonS
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Contig 1 nts 176422 177,288

BGLPMFGA_00209
Fig. 1. BGLPMFGA 00209 nucleotide homology comparison. (A) Comparison of homology for BGLPMFGA 00209 and (B)
gene arrangement of BGLPMFGA_00209. The homology of BGLPMFGA 00209 was analyzed by NCBI (https://www.

ncbi.nlm.nih.gov/). (A) Blue letters; homologous regions, red and bold letters; primer regions. (B) BGLPMFGA_00209;
Bacillus sp. 7586-K Recombinase RecT.

Table 3. Designs of oligonucleotides as candidate molecular markers

Name Forward (5'-3") Reverse (5'-3")
BLK1 BGLPMFGA 00209 TACGAAATTGATGGTGGGCG TCAAAATGGTGGTTCCTCAC
BLK2 BGLPMFGA 02924 TTGGACGGAATGACTTCCTTA CTCTTGCTTCAATCTCTTGA
BLK3 BGLPMFGA 00195 ACATTTCTGAAGATGTCCCA TATGTCCAAATAGCAATTCTC
BLK4 BGLPMFGA 01007 ATGGCATCTATAAGAAAACGTG TTATTTGAACCGAACCAATTC
BLKS5 BGLPMFGA 00197 GTGAGCATGTGCATTGTAGC TACTCTCTGGAAGCCCTATC

AEhel Uehde 992 3-YYdA  #EREHATH B} Th(Fig. 2B), BGLPMFGA 02924 Bacillus meso-
BGLPMFGA 02924 ¥ % o Fxxe] &4 A3 philum Recombinase family protein®} 59.1%2] F5A4 & =
BGLPMFGA _ 02922%-E] 029267}A] 2£8= &= Z o=z A7) WiEol BE3 7|5l HalAe FF F o AF
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Fig. 2. BGLPMFGA 02924 nucleotide homology comparison. (A) Comparison of homology for BGLPMFGA 02924 and (B)
examination of neighboring genes for BGLPMFGA 02924. The homology of Recominase (BGLPMFGA 02924) was
analyzed by NCBI (https://www.ncbi.nlm.nih.gov/). (A) Yellow letters; BGLPMFGA_02924 region, blue letters; NCBI
homologous region, red and bold letters; primer regions. (B) BGLPMFGA 02922; Bacillus phage Tavor SA HTH
cro/Cl-type domain-containing protein, BGLPMFGA 02923; Paenibacillus contaminans DUF4177 domain-containing pro-
tein, BGLPMFGA 02924; Bacillus mesophilum Recombinase family protein, BGLPMFGA_02925; Bacillus licheniformis
RNA polymerase sigma factor, BGLPMFGA 02926; Bacillus safensis Mucin 17-like protein.
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n}7) = BGLPMFGA 01007 orf ol A 454 943 ¢
As] oA A= 3 -FHF o= YAlste] 407 bpse]
PCR 4tEo] HAHHEE 3% tHFig. 4B).

BGLPMFGA 00197-2 SPbeta prophage-derived unchar-
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KS28 A A2k 100% query coverZ 95.54% ©]/32] 54
& B AKFig. 5A). & FHA F9/+= BGLPMFGA_00195
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A& B THdata not shown). =3k, ¥ G2 ORFER
39.6~62.5% B W] FE A4S R, BGLPMFGA
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) AFQlEke] 407 bpse] PCR 4HEo] YA H == 7335}
S h(Fig. 5B ¥ Table 3).
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Fig. 3. BGLPMFGA 00195 nucleotide homology comparison. (A) Comparison of homology for BGLPMFGA 00195 and (B)
examination of neighboring genes for BGLPMFGA 00195. The homology of Tyr recombinase domain-containing protein
(BGLPMFGA _00195) was analyzed by NCBI (https://www.ncbi.nlm.nih.gov/). (A) Yellow letters; BGLPMFGA 00195
region, blue letters; NCBI homologous region, red and bold letters; primer regions. (B) BGLPMFGA 00191; 23S ribosomal
RNA, BGLPMFGA_00192; 5S ribosomal RNA, BGLPMFGA_00193; tRNA-Asn(gtt), BGLPMFGA_00194; tRNA-Thr
(ggt), BGLPMFGA _00195; Niallia nealsonii Tyr recombinase domain-containing protein, BGLPMFGA_00196; Bacillus
licheniformis Phage related protein, BGLPMFGA 00197; Bacillus subtilis (strain 168) SPbeta prophage-derived un-
characterized lipoprotein YonS.
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Fig. 4. BGLPMFGA_01007 nucleotide homology comparison. (A) Comparison of homology for BGLPMFGA 01007 and (B)
examination of neighboring genes for BGLPMFGA_01007. The homology of Tyr recombinase domain-containing protein
(BGLPMFGA _01007) was analyzed by NCBI (https://www.ncbi.nlm.nih.gov/). (A) Yellow letters; BGLPMFGA 01007
region, blue letters; NCBI homologous region, red and bold letters; primer regions. (B) BGLPMFGA 00996~01006; tRNA;
BGLPMFGA 01007; Bacillus dafuensis Site-specific integrase, BGLPMFGA _01008; Bacillus dafuensis DUF771 do-
main-containing protein, BGLPMFGA 01009; Mucilaginibacter oryzae DNA-directed DNA polymerase, BGLPMFGA
01010; Bacillus yapensis DNA-binding protein.
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Fig. 5. BGLPMFGA_00197 nucleotide homology comparison. (A) Comparison of homology for BGLPMFGA_ 00197 and (B)
examination of neighboring genes for BGLPMFGA 00197. The homology of Tyr recombinase domain-containing protein
(BGLPMFGA 00197) was analyzed by NCBI (https://www.ncbi.nlm.nih.gov/). (A) Yellow letters; BGLPMFGA 00197
region, blue letters; NCBI homologous region, red and bold letters; primer regions. (B) BGLPMFGA_00195; Niallia
nealsonii Tyr recombinase domain-containing protein, BGLPMFGA 00196; Bacillus licheniformis Phage related protein,
BGLPMFGA_00197; Bacillus subtilis (strain 168) SPbeta prophage-derived uncharacterized lipoprotein YonS, BGLPMFGA
0198; Bacillus subtilis (strain 168) HTH-type transcriptional regulator Xre, BGLPMFGA 0199; Marinithermofilum abyssi
HTH cro/Cl-type domain-containing protein, BGLPMFGA_0200; Bacillus badius Helix-turn-helix domain-containing
protein.
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Fig. 6. PCR results of B. licheniformis selection markers among Bacillus species. The templates for PCR were directly done
by colony or after preparation of genomic isolations. BL; Bacillus licheniformis K12, BV; Bacillus velezensis K10, BS;
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Fig. 7. PCR results of B. licheniformis selection markers among Bacillus licheniformis subspecies. The templates for PCR were
directly done by colony or after preparation of genomic isolations. BL; Bacillus licheniformis K12, A; B. licheniformis
KCTC1030, B; B. licheniformis KCTC1659, C; B. licheniformis KCTCI1831, D; B. licheniformis KCTC3056.
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