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Lereclus Didier’

Abstract: [Background] The LM1212 strain, a member of the insect pathogen bacterium Bacillus
thuringiensis (Bt), has an unique cell differentiation phenotype that spores and crystals are produced in
spore-forming cells and crystal-producing cells, respectively. Compared to the wild-type LM1212, the
mutant strain LM1212-DB formed a reduced proportion of spore-forming cells and a higher proportion of
crystal-producing cells, which provided an excellent experimental material for studying the mechanism of
crystal-producing cell formation. [Objective] In this study, we tried to reveal the potential reason for the
phenotypic difference between these two strains by investigating their genomic differences. [Methods]
The whole genomes of the two strains were sequenced by using the single molecular real-time (SMRT)
technology on the Pacific Bioscience (Pacbio) RS II sequencing platform. The differences in chromosome,
plasmid, two-component system and insertion sequence between two strains were analyzed, and a
phylogenetic tree based on a gene related to phenotypic characteristics was constructed. [Results]
Genomic analysis showed that both strains contained abundant insertion sequences and two-component
systems, suggesting that two strains were prone to rearrange genes for environmental adaptation. Fragment
deletion within chromosome and plasmid, rearrangement and copy number variation for plasmid occurred
in the mutant LMI1212-DB. Some environmental stress response genes such as sigB and
sporulation-related genes such as abrB were found to be absent and one copy number of plasmid carrying
the transcription factor CpcR increased in the genome of LM1212-DB. The evolutionary analysis of CpcR
indicated that the strain carrying the cpcR homologous gene also had a cell differentiation phenotype
similar to that of LM1212. The deletion of these important functional genes and the decreasing of the copy
number may be responsible for the phenotypic differences between the two strains. In addition,
LM1212-DB lacked type I restriction-modification system, which might endow it a better exogenous DNA
compatibility, compared to the wild-type strain LM1212. [Conclusion] Structural variation of
chromosomes and plasmids lead to phenotypic differences between LM1212 and LM1212-DB, which
would provide a clue for the study on differentiation mechanism of LM 1212 cells.

Keywords: Bacillus thuringiensis, Genome sequencing, Comparative genome, Phenotypic differences
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REJClf. Bilan, WU 355 5 G0 n] o i e 5L A
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A A, AR PR A R,
AR ) Z R AR TR, EGiZ s, k.
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RN, 4 AP SR OC A m B S MG A RE T,
Al o By PR AR A S EOE R R AR S S,
ML RIK . AT 2 515 55 358
[N 5% % iz 2 (R DR AR AR, 3 3% B AT 4 i i
JAE AT ] F 52 ) 5 P 5 3 N7 R DG 1% T i S IR 1
ek,

LAV Bt BEARAYZEMAN A A A T TR — A
P, R S AR TR 1 2R3 2R AR R B
- 5 BT FL R, LM1212 BERAY
I8 MRS AT E 2F B 4 A H 2 ik AR #S T
EMATE R A, LMI1212 BRk HA R0 20 i
AR HZE MR A 0 A T 2R O B2
WA A AR, FLEF TR B A B R A
A A IR LG ) 20 At F T 0
LMI212 BRI B % SR F CpeR,
FI T 2% B0 ELAT 338 S A 4 e e i s g, X
FH] CpeR J& LMI1212 TRAR A/ AR AIL T %) 52 e ]
RZ—., N T HE—H P LM1212 ER40H 55
B, 5 3 s R Ak B £ i A kL
THBR S0, 15 8] 7 — bk 2 B AR 1Y 28 48 T bR
LMI1212-DB, %W bR A 8 /0 0 2 MR a2 i
I A A A0 . R AR S A A A0 i
151) S 35 10 £14) 5 A8 AR B AT A A A0 5 A B 43 A AL
PISCIARE, OATVE R$E S Bt MR RIS
PRI . LB ER MR EN, 5
LMI1212 #HH, LMI212-DB 725 kR4 ki R /N2
542 HLE i B0 F ROk B LA B F AL 2L ik
&K, XEWRE HRILRALE B BA S, Ak
— M FZ M ESR, X LMI212 5
LMI212-DB AT T 23R AN F . AT
FEH A3 AT 1 28 TR B 200 LR A 7™ 2 240 L A L

B AT B 22 5 LM1212 F1 LM1212-DB Rk
EAFH, A HT T A R A
. WG T RG . AT IET N2,
PR PR TR R A 25 5 m i . ABFoESs
UMY LM1212 BRI LR AL 1S
WA, HETA B il 0 1) st Aol R 24 LA
1 et5 8%
1.1 HiXEK

LMI1212 HE#EMZAE LM1212-DB Y0525
BT
1.2 EZRAFIFNE

AR, AN BRI, Sigma 23v];
RNase A, JtE X EEYHARARAF . (KR
3L, Eppendorf /AH]; pH 31, Thermo Scientific
NG
1.3 EFHE

LB WA} 355 (g/L): NaCl 10.0, Tryptone
10.0, Yeast extract 5.0, pH 7.0,
1.4 HEEBFIF5NF

¥ LMI1212 TH Bk F %8 Bk LM1212-DB LA
30 °C. 200 r/min MYREFRAFMFRE ARG, %M
Stobdan 2 A T AR BOEAR I LN 41 DNA,
W3k 20w PR A A AR A BRA w7
¥, FIH SMRT $ AR Pacbio RS I 75 HE17
Mo
1.5 MFHENER R TR

o T F I AR BA M . G S
B2 IR ME ELBEDLYE SR SRR, R, FEAS 3 4R
B I T B AT S 0B T A AR P
FIFHZ R SE R B HGAP X g 5 19 =5 ot
f Clean reads PE4T41% . FJJH Prodigal™ |
Infernal 1 RNAmmer®” 2§ % ¢4 43 %t 4 15 )5 51)
(coding sequence, CDS), tRNA Fl rRNA #4770
Mo, fF A RfamPV | Swissprotm] . coGP!
KEGG™ e 122 06F 4= 3[R 25 e 91l 0 A 735 DR Ay S RE
M5
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1.6 BAFIEER ICRERE ST

fdi 1 7E 26 M 35 ISFINDER™! (https://www-
is.biotoul.fr/)%F LM1212 il LM1212-DB 43£ [H 4 J5
G AT A Y5 0 %8 5 4B . LA MUMmer
3. 0P IR T HLACIE AL 43T
1.7 CpceR RiRFIAG A ERIIE

{5 FHEZE W3 NCBI-BLASTp (https:/blast.ncbi.
nlm.nih.gov/Blast)i/f 17 CpcR [ 75 HXF . F]H
MEGA 7.0 B R G R B .

2 #RE5HM
2.1 LMI1212 E#RFETHk LM1212-DB & &
ESEizk vl

LMI212 EHRFIZAE R LM1212-DB 42 ]
HFHE FiEE GenBank, %5 45K
CP024771-CP024779"* FI CP051013—CP051018 .
HS e 356 DR 20 i R4 AR B, LMI212 B AR M
LMI1212-DB FEkRA TR E R . Bokis DAL Jefu
TR RS A A2 S . LMI212 BRI

%1 LMI1212 #1 LM1212-DB & #k & F A7

Table 1 Genome landscapes of LM1212 and LM1212-DB strain

1APRARIG YL A 8 ANFRIRITRLFN 14 Fh g Uk
, LMI1212-DB Wt & | MR GL k. 54
FRRAYJFCRLAN 10 FhoR HIER (R 1),
2.2 LMI212 EHRFREHR LM1212-DB RISt &
KEMTRRINGES

XF LM1212 BRI AE bR LM1212-DB 4L {4
FERAHATHES TR, AT LM1212 PR
PRILR ALY 2 607 455 bp 5 2 682 965 bp Z A1 Bk
£ LM1212-DB Btk R . Yot A 5E R 2 ik
R BALEA 69 ANTTRLRIEAE(open reading frame,
ORF): 47> ORF $iT BN RS, (AT R,
BLTERR Fr B i AR Ry il — e e, X P RE
SHOZA B IEN ;38 4~ ORFs #id R KA
IHEREMIBAEEE FAJEN ;s 31 4> ORFs BB 425
MITREIEIE, PRREIXSEER I ThRESE R 43 2 24
— I R A R A AR DX AT A2 A 5 R Ty
REARASSAH RIS s o — 2R BEJ27E L-M1212DB
PRIRE A AEE— 1948 DL H R (3% 2).

3 Jeta i/ SR FR LA P LB A% HRE [R5
Strains Chromosome/Plasmid name  Sequence size (bp) Copy number Insecticidal genes types
LMI1212 Chromosome 5705 934 1 -
pLM248 248 002 3 cry32Wal, cry32Val, cry35-like, cry35-like2, cry41Cal,
cry694a-like, cryBP1, cytAa-like, cytCa-like
pLM158 157 839 3 cry45bal, cry74A4al, nt32-like
pLM113 112 709 2 cry32-like, mtx2-like
pLM35 35121 3 =
pLM28 28 658 2 =
pLM14 14 193 10 =
pLM13 13118 6 =
pLMS5 4975 8 =
LMI212-DB  Chromosome 5629931 1 -
w4 el el eyl cottieiie ot
pLMI113 112 715 2 cry32-like, mx2-like
pLM35 35175 4 -
pLM14 14 375 3 -
pLM14-1 14 195 2 -

TE: - JeRHUIER

Note: —: No insecticidal gene
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2 LMI212-DB Eif G AEREHREERTIR

Table 2 List of the absent genes in the chromosome of LM1212-DB strain

H HEARE BV COG 432
Name Protein length (aa) Function COG category
LM 02887 325 19, PR B S E
Ornithine cyclodeaminase
LM 02876 471 B e AL M
Alginate acetyltransferase
LM 02926 506 1 BRI i R S M v
Type I restriction-modification system M subunit
LM 02927 424 1 AR -1 R 50 S v
Type I restriction-modification system S subunit
LM 02928 1031 1 RIRRG &4 R GE G R v
Type I restriction-modification system R subunit
LM 02909 117 XRE 5k A+ K
XRE family transcription factors
LM 02916 225 WHIMES RS FRE T T
Two-component signaling system transcription factors
LM 02906 197 Sigma B K

BEXTEE 287 LM1212-DB ERkH 58 426 1)
SERBEATIIRESI BT, R RIS Al A3 Ak R A O
FOFEDR, (H % BRI 2 36 IR A9 T g 22 VR B R B8 56
L R AL o) AF DG 1) S R g B PR 2 T R 1
hRE, AR RBURIEER SN 4 2% (1) B35
N Ah B IR 5E 8 B9 e ok [ F, W SigmaB
(LM_02906). XRE Zfl# st K+ (LM_02909)F1 A&
MR NAH T REWNERE T
(LM_02916); (2) SHHZIR G Mm% VIAHICI G
B T AR IR AU (LM_02887) 5 (3) 54
R IR 56 1 T R 3k 20 954 F% il (LML_02876));
(4) S 54N B AEPLH A T BIRRGI -1 R ERE M
S # R (LM_02926. LM 02927 Fl LM_02928)™,

25 FRTR, 2878 kk LM1212-DB RYYL (A 5L A
A EIBRT 38 ARATIBERBARE R, T
REfFEE S b A SE 2R R, (H AR
AV IREA FRiE— L I, BRAh, RARPRELK
TS S R FREE A AR SC A LR, L mT e 2R A
A S G e S BRI R g L R R PR AR A B
ST Sigma BPY, DU LLER 2 546 MU AR
RS i A 2B R T 1 S AT IR LR, h T
DL, 2% 78 MR X B s A B8 19038 7 i g AT R AR

5o FAEHRIREIAE T 1A AT LN SRR ER A T R 1Y)
BEIRER ORI AL IR, (AR SRR bk If R L B
AR ER A AL DA T R A R S i e )
2 FGARKRRTAME DNA ELA i raeast:, W
WGIZ AR R 3 T 70T st R 48
2.3 LMI1212 EHRFAE LK LM1212-DB B B
ERNHh

FIFH MUMmer 3.0 45T LM1212-DB itk
5Tk LM1212 TERRRY 8 BTk rre sl text A&
B, LMI212-DB FEPRABOR A& A= FHELL R ook
s BORAEERE (1) BukiEHE R Bk LT
LM1212 Fikk pLM248 itk 1) 108 222 bp HBS;
T pLM158 Jivhr EIPHBIT S EE Sk 40 681 bp
#1195 786 bp i B4 HiHE, 7ELMI1212- DB [#bkH
FERL T —ASEBoRL pLM241 (K] 1, FRESRE A
BY), [HIIF LM1212 FE#E pLM248 F1 pLM158 ki b A&
Z 5EHN R BAE LM1212-DB ka1, K
PREBER T ED); (2) Bk : LMI1212 Btk
pLM13 FlpLM5 7E LM1212-DB FfkHise, LM1212
FERRFPIK pLM113 . pLM35 £ pLM14 7£ LM1212-DB
FRRFP AL A EHEREL, LM1212 Bk pLM 14
JRIAE LM1212-DB Rk 44 pLM14-1,
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pLM248
248 002 bp

0S€ LYT1-¥T1 6€

Figure 1 Diagram of plasmid rearrangement
T IRNMIIECT AR TE LM1212-DB bR AP {0 .

pLM158

157 839 bp

Note: The innermost number indicates the gene location in LM1212-DB strain.

BT R CREHE . TR Bk e AN Tk ik
PITEOL, BT Bokids DB eAs . LMI1212 Bk
FRr) pLM248 [Tk A pLM158 JFokits ol 3 A2 DL, T
£ LM1212-DB BBkH ) pLM241 okl 4 5 D1 (3R
1), XHYTAT pLM248 JFoki il pLM158 JFokr b
RERRFHEFTE LM1212-DB RGN T 1 4%
Ul LMI212 E#kAR I pLM35 Bkl 345 DL, Tii7E
LMI1212-DB HkkH pLM35 FRishn 1T 1 201,
4PEDL(FE 1); LMI212-DB #EFEH Y pLM14 Fkii
F LM1212 Btk pLM28 Fokif—4-(1& 1, FriEw)
R EY), 15 LMI1212-DB FREH ) pLM14 JFoki
3AFEDL(F 1), H LMI212 Bkk pLM28 kit
T 1 A0 LMI212 Btk pLM14 ikl 10 M5
U1, TAE LM1212-DB FEkkAF ) pLM14-1 Rk 2 4>
PEDL, MY T T 8 M4EDL,

2.4 LMI1212-DB EHkRRERK F B RIEYZ I
BES AR

TE LM1212-DB FAPE SR ok 5 Bed g &
184 4~ ORF, fL%{i T pLM248 Ji ki [ K
orfl18—orf269. fii-F pLMI158 JFoki i orfl—orfl5
M orfl72—orf177. £ F pLMI13 BhL ) orf1-9.
PETF pLMS JFokL FAY orfl—5. #3d COG MIREHE
SATEE, 78 MRS AEA S E R . ELUM
BEWMIhaefa ¢, Hrh REEIER BT B &K

T 2 A Tl o8 O R EE AL s 8 NS gmis 1 &
5 0 R A0 PR P TR A O, bt 3 A
MBEA T . 2 4 Rhs FHEEMA . 1 AATY)
KR BE OB Y N- 2 T A RE TR -L- 19 21 R T i
M. 1 SBEILEERS A 1 A58 75 s RE Atk
MM 6 IR g & 1 515 5 7% S HLH A
Ky 4 DRGS0 E A S B EALEA S 3 4
RN T SR EA, HPaE 14
MR FHCE M 2 DM EE AR 2); &
LM1212-DB WHRIIER FrBE S T 5 AR AR
EMA, 9K Cry3s-like (pLM248_00251). Cry35-
like2 (pLM248 00249). Cry69Aa-like (pLM248_00196).
Cry32Wal (pLM248_00197)F11 Cry32Val (pLM248_00227).

gi brid, HILFEA M EI B, Bk
BRI Fr B & A Z R AT BE LA, XX —
4> LR T RE AR IT H 0 HfE s LM 1212 BRI 4
TEALHIRIESE . LMI1212 R BOR. EAFfES £ 5
()% P T AN OB E ZH B, XA LM1212 BAR ) 5
Kbl oy kAR, X JE LM1212 Bk —A> 5%
PE, DR AR B2 R B vt A0 75 25 K o 1 7 JRE Tl
kI EAE . HeAh, B R B 2 AN 2RI
R LA REN, A CE e
FELTE ol aok A 1) I ) i HE A Y, 2 M R B A 2F
ML R I R AR, DR 3 IR R 2 R i 2 i
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SIEIRE % 58 Amino acid transport and metabolism([E]

KA & Wiz i Carbohy drate transport and metabolism[G]

4l 2% A1 0 Coenzyme transport and metabolism[H]

BHE . ARGS9 R4 i Translation, ribosomal structure and biogenesis [J]

il EAIFNE K Replication, recombination and repair{L]

YA ARLEE/BEETE % Cell wall/membrane biogenesis[M]

B EBM . FR B . 4 DH 7R (1 Posttranslational modification, protein turnover, chaperones [O]
KAACI B LR DA . 3a% Aoy f4Ri8f Secondary metabolites biosynthesis, transport and catabolism [Q]
F A1 fiEFunction unknown[S]

{5 5% TP Signal transduction mechanisms [T]

Bl #Li Defense mechanisms[V]

ZEAUAIEIEIA Sporulation-related genes

B2 HEEREA COG g

Figure 2 COG functional annotation of the absent genes

Wt . ERERERNE, SR BT as T
— A5 ZFMUE AR DG 5% 5 K AbrB (pLM248_
00154), TEAEZEMUFF I AbrB Al #0] sigH
FIBEHZIE Spo0A HIBERRLIK-, I SZ A 25
MTE R R R, SR AbrB B AT fiE
ST B R 2 S E A
2.5 LMI1212-DB E#kAP# RNEEmMesEREF
CpcR IR HIERRARF LB W

TELMI212 R, cpeR 7 pLM248 Jiokr |k
3AEDL, 7ELMI212-DB EHRH, cpcR1E pLM241
ki ok 4 ANEE DL, $5 DUEUMINERE CpeR 3R
Y, M FE LM1212-DB B RS 0 S
J EE R SCR SEON B R, X IE/R CpeR AR AT R S
F{ LM1212-DB HHRA LM1212 Rk 25 R &

FEMHARZ — B TH—EI cpeR %E%Eﬁ
FOX PP 2= T AR ILN, Ll CpeR A
FEA B 55, 78 NCBI B bk f?ﬁutt

Xt, DLREMRF M BIMR T 50% bnifE, JLk
FEH| 88 A[AFIEN , X LR JEIE 4R T 10 /I\%
Pl HIP R WA M55 R 58+ OmpR
Wi R iﬁﬁﬁf?ﬁ%%ﬁ&%ﬁﬁ%ﬂ DNA %54
gt R, X 10 MR RZ e T
JERERET, ﬂ*%ﬁ%ﬁ%ﬂ@ﬁﬁ%ﬂ@?ﬂi ,
A M . WA ZEMUAT & (Bacillus cereus) .
B R AT I8 (Bacillus  cytotoxicus)3; AP,
KIEMAFRE BN Paenibacillus contaminans . %%

% 5 Transcription[K]

— 7

#Z H [ Toxin proteins

0246811020 40 60 80
ek

Gene number

BRI & W) Thermoflavimicrobium dichotomicum V) J%
W E B Clostridium cylindrosporum ZF40 & L%
FE ] cpeR WRITEIER . HJE, HAR cpeR BYIR]IR L
[RIE 95 25 4 28 MAT DA B 3 G P (— 25 77 O 2 7 ) h
B3, HXIEAERE cpeR o7 AN I
SF, MR, cpeR FH 50 A 5 P G AH e HEAR
%, X5 epeR [ PRFER A AR 1%
YrAh b B S8 R AL 0 LRI AT A . 10 A
P epeR RIEIER R TARRAN (5 88 Bk, TTIX 2L
FRETAE YR S8 BRI P A RR Rk 2 662 B
(F 3), XULH cpcR AT B AR AOAZ O
B, HAMAR T RE SR el A SR A .

CpeR MIRSFIE S YIFAOCHE 2 A R Gk
BRI R . 88 NEIFRH CpeR WY [RIEF 517
TEYIFPN Z AR5 100%—300 S o0, RrE
TRUEFE S PRI E AR BRI T, BT
FETRIENRFFIVEHER) 21 NPT R K W
M, B RER, BTN ELZ LR,
CpeR M[RIEF IR, 6 o33, B
B AN LA Rl R ek, BN o5 = 4 28 OAF TR
i — S AL BRE . WA ST W
o WA, FET8 =& F WA yunnanensis AP
Bacillus thuringiensis BGSC4AM1 H1 %555 CpcR
AR T A M E B 8% M F 4
WP_086410509.1, H. & XHkic K ZHEtk HA 5
LMI1212 BRRAFRI A Sl Ui ENE T cpeR
A RESET SRR 22 F R e MR R (4] 3),
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%3 CpceR ERFIISHIER
Table 3 The distribution of CpcR homologous sequence

IR A2 PR NCBI & )7 k% B £ CpeR [RIR)F 5 RHREH
Strain name Number of sequencing strains in NCBI ~ Number of strains containing CpcR homologous genes
Bacillus thuringiensis 594 11
Bacillus cereus 1113 62
Bacillus toyonensis 216 1
Bacillus cytotoxicus 14 1
Bacillus wiedmannii 158 3
Bacillus manliponensis 1 1
Bacillus sp. 563 6
Thermoflavimicrobium dichotomicum 1 1
Paenibacillus contaminans 1 1
Clostridium cylindrosporum 1 1
K1t Total 2662 88
75 Bacillus cereus AFS010695 (WP_098380308.1)
ﬁ— Bacillus sp. SRB_331 (WP_113733849.1)

H Bacillus cereus AH1271 (EEL79685.1)

ﬁ Bacillus cereus AFS007599 (WP_098386986.1)

t Bacillus wiedmannii FSLM7-1251 (WP_064460061.1)

J&L Bacillus thuringiensis MC28 (AFU15719.1)
85 Bacillus cereus AFS016962 (WP_097832154.1)
100 Bacillus cytotoxicus NVH391-98 (WP_012096067.1)
Bacillus manliponensis JICM15802 (WP_034634841.1)
Clostridium DSM605 (WP_048571556.1)
71 Thermoflavimicrobium sp. FBKL4.011 (WP_113659146.1)
4‘ Paenibacillus contaminans CKOBP-6 (WP_113034891.1)

Bacillus thuringiensis T30001 (WP_088071707.1)

100 ———————— a Bacillus thuringiensis LM1212 (WP_029440362.1)
Bacillus thuringiensis BGSC4AM1 (WP_086410509.1)

Bacillus toyonensis AFS026137 (WP_098072443.1)

Bacillus cereus AFS083741 (WP_098584733.1)
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Figure 3 Phylogenetic tree of cpcR homologous sequences
TE: 55 B S 0B GenBank 5% %5 7032 FRYEUT N Bootstrap 5 H I RIS BEFRIRFPHI Y 22 57 2

Note: The numbers in parentheses is the strain accession number in GenBank; The robustness of branching is indicated by bootstrap
percentages calculated for 1 000 subsets; Bar indicates 5% estimated sequence divergence.
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2.6 LMI1212 E#kFIELHE LM1212-DB MH 5
BSRGH

B WA 5 5 RS — D HAT R
it A% > DX I 21 28 B2 33 (histidine kinase, HK)FNI
— AN A PR R 4R DX 10 2% 45 25 F (response
regulator, RR). A HK-RR & X A ve bRl xS 4
LR A BRI TIE A T e, 25 R LMI212
BEIRRIEgRAS T 36 4> HK-RR FEPAIXF, HPfu s 194
AT EDIRERY HK-RR SEPRIXT, HEARM D) RERE I
% 4; HAN HK-RR SEE X 2t — 2 1) 5256
WE AR YR OhfE . 5 LMI212 MR, R
ARfR LM1212-DB #1271 4~ RR 2 H (3 2), H
Z RR FEF A ARMINBERIULIER , FERHEs]5H
T X Y HK LA
2.7 LMI1212 EHkFIELHE LM1212-DB BJHEA
F515 4

3T 5 BT SR 3 A7 A T 20 A e G AR o

T4 LMI1212 BEHREREAHINANES RS

koIt H B 16 ARE I H/NrF DNA B 78
W S BRI , LMI1212 R YL o A
K b A 8T 9 KR 56 58 8 4H AT 51
Moo, Hi 24 MuFREkE, 17 NMTF
pLM248 Jitki I, 7 M F pLM158 itk b, 74>
AL F pLMI113 Foki I-(F 5). YBT-1520 HEkK7EYL
AR B A 4 A58 ISBthl3 ¥ 01,
LMI1212 Wk ESA 19 A28 m
ISBth13 $£ 01, 182404 K3 TF 7 2 4 2 AT LA
@HIW AP, LMI1212 Btk pLM248 JFoki 5 A
13588 1S2404 ¥ 01 . LMI21I2 ARG &+ 5
(A4 AT 51 6 T AR 3 BUR A A Y B R 4
Hem s %

5 LMI212 WPkAHEL, 7 LM1212-DB BRtkH
R T 6 MNMEAFSIHIT, Hbh s 2 4
ISBth13. 3 A~ 182404 F1 1 4~ I1S23IN.,

Table 4 Two-component system in the genome of LM1212 strain

HELRIA HHATR il

Gene locus Protein name Function

LM_00819/LM_00820 PhoR/PhoP R EL 18 Phosphate metabolism
LM_03600/LM_03599 ResE/ResD I A F Respiration

LM _01788/LM_01789 VicK/VicR AR I EERS S Maintain cell wall homeostasis
LM 00673/LM_00674 GraS/GraR Wi 4 AL /7 Response to external stress
]I:ﬁ:giég//]iﬁ:gi&i AN BESCIEF Cell wall metabolism

LM _06077/LM_06078

LM_01380/LM_01379 VanS/VanR T8 2= itk Vancomycin resistance

LM _02513/LM 02514 CitS/CitT %% 2 Citric acid transport

LM 02534/LM 02535

LM _01764/LM_01763 LytS/LytT AR Pyruvate metabolism

LM _04434/LM_04433 AgrC/AgrA 2 JJFEF IR Virulence gene expression

LM 01458/LM 01459 ComP/ComA 1522 Cellular competence

LM 01675/LM 01674 DesK/DesR YA B Cell membrane fluidization

LM _03561/LM_03562 LiaS/LiaR JENHiA: 2R e 1 Response to antibiotic stress
LM _04277/LM_04276 SalK/SalR JHUBFRSE Secretion system

LM _03762/LM_03761 CheA/ CheY Yl R fb i 24t Bacterial chemotactic system
LM _03883/LM_03884 YcbA/YcbB A E WM A Utilization of glutamine

LM_04326/LM 04327

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



KL B

ZEROAT BT LM1212 BRI 2828 Mk 1 43 (R 4 P 9] e A AT 1897

£5 LMR212 EHERAHFEAFINERER

Table 5 Insertion sequences in the genome of LM1212 strain

AT FKIt HAFHIH S et i Plasmid Plasmid Plasmid
Insertion squence Family Insertion squence length (bp) ~Chromosome ~ PLM248 pLM158 pLMI13
ISBth166 IS110 1729 3 4 0 1
ISBthi3 1S110 1588 19 0 1 1
ISBthi5 1S200/1S605 1490 1 0 0 0
ISBth16 1S200/1S605 1 821 1 0 1 0
IS23IN 1S4 1 654 0 0 1 1
IS231Y 1S4 1 645 0 0 0 1
ISBce9 1S4 1597 0 0 0 1
1S2404 1S6 861 0 13 0 0
1S240B IS6 861 0 0 4 2
K3 Total 24 17 7 7

3 WE4iw

LM1212 EifSe— R EA MR R IR = 4 2
WOFF B, AT 534k B2 LT 15 40 BEL 0 4K 7™ A= 24
M, B4R 64" X RERREERE Bt T RR
yunnanensis MERPHHLE B LB, (H7 A X PG
(43 T- B R B AP 5B A bk LMI1212 A
Fo, Z75FE LMI212-DB  fb A A= 41 i i Lo ) o
5, SEMOE AN L AR, Sy LM1212 e RRRT
Mo FHLHI b B e T Bl . BLoh, 5
LMI1212 #E#kAHE, LMI1212-DB & kK a4
A LA AT KRR = Bt A% AR R A4l
BE, MR R Bt il 55 MBI AR . ARBEIE A
LM1212 fil LM1212-DB H#IEHFEHAATF, 456
B 2 MAEE B T8, IR
o i e B AR A R D R . DA AN R AR S AL
W ES RGE . 1A T2 557 1 % H e i 22
AT AT o

AW LB, 58 Ak LMI212 M I,
LMI1212-DB & PR A e @04 7 Bl 2k o R Bk
5 RSy B BL A | B R) 2 K B
DU A YIS . ST 2 5L A B0 1 4y
Mra®l, XmAEEA F & 06 A5 FE A
fiti, WFoERBL, 1A FEEAT Z R EEAL AT 46

A B R G i X SO R ek sl (31 8, ATl A
FUSER Y 2hF XA T N a2kt A
WaT DI S 2 Ay F AT PR, BRI TR
BEHEMG . ik, WA FEEWiRAT
B0 P A AR T 2 S 5 1 A e R 8] 4 25 4
SR, PhRiE IR F AL A, RE R
PRI R A1 28 78 1) T B 35 R, 2 i =2t 2 s DL K
Wam, NSO REZ B, I T B R Y
AU A5

FETF RN BT as e, FeATHEN A 5 4
JHERNE FET LM1212-DB Al LM1212 HkkE
BRI 2E5%: (1) LM1212-DB KR/ T —262
IR 3 0 1 A DG ) BE DR, g iy S5 JRR A0 1 A
F N T Sigma BP I B XRE Gk N 7%, X
S BRI A 2 e o DR A ik, AT RS 30 B M
T LA i SR AR R 4 BELIRT , DA T R R AR
TZEMIE A L e S b, 2RO L AR
J& Bt BN PG 0)—RIHLE], TR e
o7 35 PR A fle SR AR 1T B 35C2F TR B 1) A R iR A
RELUT,  DATITT 52 1) 2 ML BB By 4810 An 7 Al R 25
RO AIESE, ZEMIE BRI T G2 Spo0A
HIBEIRTE, T SpoOA FUBERRILTT 2>k H SpoOE 1%
IR S S, Spo0E W THA —1 2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1898 TEY I8

Microbiol. China

Sigma B #{KHAf), XA Sigma B 3% SpoOE Ji
i PE  SURJT 8h Spo0A B R Ak Y 2k
7P xEukE, LMI1212-DB F#fkh Sigma B
(18 ke 2 A, TT 5 BOCF MY 43 7 JF S JC I IE 4T
JF, M T LM1212-DB BRI . (2)
55 2RI B G I TS S 7 AbrB S5 PR (1 il
&, AR SR RE VMG, AT EW
SERHEATINAIE ., (3) LM1212-DB BAk FURHE D15
Ak, R S I R A H DL B A T A
b, WIFE LM1212-DB Ak H afATE B A A 53¢ K]
T CpcR ¥4INT 1 A5 D1, I T3 CpeR (R IK
TR, AR AR AN PR B R, &
HRMRRIR AL (4) SRR BUS A R AR
DIRery LN, Hoh RSN v 8 S S el T 2F
MOE B, MNmSsERANZES. S BT
LMI1212-DB P#E RS TV 2 BB R 7,
fii LM1212-DB B&#k H 55 R TAH S ) R A Do 4%
SR, T 52 A 1% 35 IR A R A A rp R Gk i
FIE, R R A 2 R
AWFFELNT LM1212 Fil LM1212-DB [ kE 4
SR TE I, WA RRATIRA T T XA
WK REME, XN ARG/ SE ., KT
PR B 43 BT B, XA TR AR A 323 1 3L
W5 RGEUSAR AT A, W7~ 12 DA R AT iy
RN . ARBFRTREIS B 36 X5y
59 RS0, WNFERS B 2E AT B8 v 22 A b 1) 8 9
g0 e >tk i 5 Sk [ ¥ DegU . ComA F1 SpoOA
SR ORI LM1212 TR A7 AE 3 R 4411
Mo L, [, & BEE IR 4 A A
HK #l RR AF0LEER, PRI B Ak B T BE A7 7E
—~ HK A 21k £ RR 28— RR Al £~ HK
BRER AL B B AL B R AL 3 I 4, S WA MRS R4
(8] °] RE W AF7E 5 15 5 38 R (cross talk) L4 . I
Hh, XEEF T CpeR HEATHEL M R IR, %0k
8 TR/ 5 5 R4 OmpR FkE sk 1, X
WETE LM1212 F1 LM1212-DB Fkk il fEES —

A5 CpeR HAEM) HK, 1 HIZIE R A= 40
PR FE TR, i P B P 855 b 2o AR rh i 7K
BRI, SIFERE, 5 LMI212 FRBAER Bt
PR yunnanensis WA HFEAER 15 CpeR 2 LR 741
FERIPE R I8 85% M [FIFIE, X B CpeR FH:
H AR AT BE S A LM 1212 kR4 2k 2 7
HTEHE N Z —, X CpeR B AR Sk 2
AFIF LM1212 4o b ML g BT i B2 7 )
Hh, X} LM1212 BRI AT 9B IT 0 A i 15
Bra®l, 76 LMI1212 bk, S5 A TSR 3
K2y 2% U IR ER TR, X SRR AT 91 R R
SRR R T R AR AR S MR O R . BR
TARAREASLEASN, F53H 4R 0 JE R Bk e R
AR T, 2P AR T X SR AR R D RS
BT EBAMARFISELZRBG KR,
LMI1212-DB #kRR G iR B T 1 BIRR -4
RGEMENT, XH1F LM1212-DB FEbk 5 H A
FRAH HE ELAT S 4 ANJE DNA e

ok XU = 4 AR LMI212 M
LM1212-DB BEREIEATIEF A A LB, Wi TRk
FET 2% S5 11 R AT R R Hh Y o (R R R AR
S LT Bz DR R R SRR 2 R R 58
SRR AT, E S S R A I A3 Ak 1 R T e
— A, IREERATT IR — A S, A
FITFEAHH Bt AR LA 50 FHLHI LS Bt B R BT
FSERAZR R T 0] o ASBIFG 38 2 % AN TR AR 1
FERH AT LB b, IR ZH 2 b 1 A TR
PRFRIZZ SRR, Sl 20 B A o3 AR A AL AT 5 24
SE T SERY, X Bt il L o R HA A4
SR
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