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AW AP E A IR T, RESE G Skl
RE TR ) BR B AL S A g T IO W0 M) B R
B, SRR YA ITR Mg OT R . e 14D
TR AR L 38 r i 1 1R ] 184 50 - SEERN 35 AL RE )
R BR AR R AR, He P R AT P v A AR
PrOe AR A FEA A B LR, REFEARAR B 135
RS et B R I AN R AR (U
ARG REIE BA AW v ohte, EIRZ A1
WA EE IR EEAMEN, WML Rm e AN
AIZRAMIIRE, &Sk 5% . Laulhere
A P T 15 2 4 25 1 R 4 T R 45 6 B 11 0 2k
PRI AT, BT 2 ) 40 L K 5 e ol
BARRY G R . TERY) A R BRI By, RFRL
AR p A AE Y A R A T A I A T, ik
BARTER Y s SR Y b 3 A e B VR T, OF
X PR FEAE AR AL AT 35 B AT ST R S, T [ N Ak
X Bk B KA E TR SE R 5T 850, IR, 42 408
e B2 HRIF5E PGPR 40 FHLEE M 5 1]
Z—

Bacillus mycoides Gnytl JEARBZIAE 2014
o NS IV NI S 7 A
(Polygonum viviparum)H br i) —PRAOE B A bR A2 2
T, HA 5 AL VBN IR R S )
REFIARGF HYTT R AW Sy, A dE— 2L ORI E
ABFFEAUR I AR =AM R, W R Rt
Fr ey, 32400 5 AL AR D REAH OGO S A
3 W A ETUIN B R A% L DR ZH A7 AR B S BE R TR DL B

TR AR 70 AR B AR DG I SE LR, S A v G R
o IR T oK S i A AR AL B 5 i

1 AR

1.1 #Pek

B Pk Bacillus mycoides Gnyt1 J&H i &l K2
B 2 B B A ) 2 PR ZE A 2014 4R35
H KB 98 55 M AL A8 W) 2K 2F 2 (Polygonum
viviparum)FRBR I —BRAE RARPRE AT, RA KR
A WS IIRE (R DI, LRIRECS
CCTCC M 2017177(+ [ Y B4 F2 e 0o
1.2 SREBAARRRI

KT CAS PARAS I 19 7 12 %o (A R R A 72k
BRKHN, CAS VA S By kit i
1.3 DNA KRB 5K

K F CTAB :42HUE DNA, S8 Michael J7
TR
14 PSR

KT Tllumina MiSeq 1l 36 8955 A%
W ¥ 4% AR (Next-Generation Sequencing, NGS)!'F
5T PacBio RS I JF-F- &l 5 & 955 =L
SR S A 00 5, S B ERI T SC
e AR S AR/ 400 bp, HEFPREAN
BCXTA 2x251 bp, =AM 4 AZEK/INA 10 kb,
RHEHEF B (R 2).

F 1. A ERRITIRERHIE
Table 1. The functional characteristics of the test strain Gnytl(CCTCC M 2017177)
Nitrogenase activity/ Dissolved inorganic Dissolved TIAA/ GA3/ t-Z/
[nmol(C,H,4)/(h-mL)] phosphorus/(pg/mL) organic phosphorus/(pg/mL) (mg/mL) (mg/mL) (pg/mL)
3193.07 564.21 67.15 66.21 65.52 32.59

actamicro@im.ac.cn
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F2. NFEXEMERER

Table 2. Basic information of the sequenced library
3 -

Sample eduencing Lib. insert size Sequencing mode
platform
Pacbio RS IT 10 kb Standard

Gnytl

[llumina Miseq 400 bp Paired-end, 2x251 bp

1.5 2FEREANF

X Bacillus mycoides Gnytl Bk AR, iz
S AR P BORFNER = AR I P BOR A 255
(4 5 B AR IR T4 SR LA DN Y, e A R R
HRILAEAENEE, 2FLEAN T FERH WGS
(Whole Genome Shotgun, 4xFE[F 4 S 43k H AR,
WP TAERIZHE IR AR AR YR R A IR A
w58 o
1.6 FP3IALbEE

AR FSE SRR FastQC T H XIS A ki
Bt i, WP ER A Kmer BFRCE, BOE
J5 B9 FE4E F Newbler (version 2.8, 20110517-1502)
BAFPEE , —ARMPZE ST 512 H HGAP B9k,
A =ARBIBERE ] mummer FPEETTAE RS
1.7 DhRBEEMER

GO /#riz [l BLAST2GO # /42008 /i),

map2slim #F5E B GOSlim #)43Hrat .
1.8 SEEBEAMCER A E®RE

iZfl KEGG M KASS HahifbiEBRGEM
Pathway [EREAI KO R, 52/ KO R, X
P45 HF] KEGG Pathway, T4 Ui B4l

2 ERAAMN

2.1 FEEEAENE

3 o PO A R 2K [ A CAS S5 573 57
RIS, TR WAk B I 2 5 TRV SR R
JE AP (B 1), A TR R, R
(Bt R AR, UL kR FLRE ) 5008 o
2.2 DNA R

FIAK GnytIDNA Ff i 14 Bt iR W B A v Sk AG
S TE T HL S — , JCREA% , JOHE PR RNA 5 4,
LB AN EE TR I CTAB 75 $2HUEY)
DNA, ODs/ODasg H 1.9-2.5, ODys0/ODs30 B
16 1.5 /64, WREERE 27.29 ng/uL, 4590, fr
PRI DNA SRy, s Fk B, nl ikt s
NSO, FFAIT R

Bl 1. Gnytl EHk=EKE AN E
Determination of siderophore of Gnytl strain. A: the yellow halo produced by the strain secreting iron

Figure 1.

carrier on the CAS medium; B: an enlarged view of the yellow halo of the A map.
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2.3 RFIGESIT

231 ZARWPERAEE: —RINF AR %L
PG ERPI(E 3), Reads BHCH 3025470 2%, 5
WL LB, PRI T AR &, SRR GC
AT RN 38.8%, ARG E Bk reads
2217564 %%, ¥ i reads BHIEE R 1A 471926886 bp,
=i reads (5 FHL reads AR 73.3%, iR
TP AR 5 R AL A A R 63.53%, fRIE T
JE S5y T TERfR 2

232 =RMFSRERE . —FasATHK
R, TAMERS, &fFsKERK, GC &
HON 34.7%, REHETA G TS0 E 4 H
B (R 4), A eI B 215A 75 S K
20% 5 — 45 P SRR R, TR ¥ A1 A
JE 90% 1 5 — 457 SR /N, 5 A P4
TR, =AU EEE ST A PR SAE inBe i

*3. —HKNFSEREERIT

Table 3. Sequencing results data statistics
Sample Gnytl
Reads Num. reads 3025470
Total bases/bp 742832445
N/% 0.001
GC/% 38.8
Q20/% 76.2
Q30/% 64.4
HQ reads 2217564
HQ reads/% 73.30
HQ data/bp 471926886
HQ data/% 63.53
Coverage () 72

Q20 (%): the percentage of bases whose base recognition
accuracy is above 99%; Q30 (%): the percentage of bases whose
base recognition accuracy is above 99.9%. HQ Reads (%): the
percentage of high quality reads that are read by the reader; HQ
data (bp): high quality reads bases; HQ data (%): the percentage
of bases with high quality sequences in the lower base;
Coverage (x): sequencing Depth, genome size refers to the
length of the genomic sequence obtained by splicing.

actamicro@im.ac.cn

x4 ZHRNFERBESRIT

Table 4. Sequencing results data statistics
Sample Gnytl
Min sequence length/bp 200
Max sequence length/bp 65295
Total sequence number/bp 149761
N20/bp 16277
N20 Number (slip) 11941
N50/bp 10954
N50 Number (slip) 41500
N90/bp 5211
N90 Number (slip) 104598
N number (slip) 0
N rate/% 0
Total sequence length/bp 1296051657

GC content/% 34.70
N20 (bp), N50 (bp), and N90 (bp) indicate that all sequences are
arranged in order of length from long to short, and the lengths of
the sequences are added in that order, when the added length
reaches 20% of the total length of the sequence. 50%, 90%, the
length of the last sequence.

2.3.3 REARFFIRBEEE . AT A =4t
PR A R A T DR, 45 R BoRPHE IR P8 Y

MK JEN 5597907 bp, GC A 43 &M 35.57%.
2.3.4 ORF Tl : BRI REFNZ5AL T ) b 2525
BRJE ORF (FFHf B ieAE ) Il , M PR Gnytl ORF
PN GE T+ 25 R T4, I TR AR A R DX 20 s ] R AE
I 5876 4, K TP EAE K B A 15033 bp,
TR A - B BE A 792.17 bp,  FF ik Bl B HE
B GC FREN 36.13%, i B EAE K R
4654818 bp, i FEFZH K LAY LG 83.15%,

2.4 FEFH B ELH

M Bacillus mycoides Gnytl F#kHE K 2H & 15
(A 2)ﬂ’ﬂl BRI 41K /N K 5597907 bp. AP
5L, H—BCRZE; 5 RE GC Skew;
EEREE et S msS-LRE R —
A~ CDS fitJ& 1) COG; % TLE Fsi < i3k CDS.
tRNA J rRNA 7EENA Ffi g, K HREL R
NCBI, K355k CP020743,
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& 2. Bacillus mycoides Gnyt1 = ¥k £ & 25 B &

Figure 2.  Bacillus mycoides Gnytl genome circle.

2.5 BARBEERETRE

B S 5L R T R 1 R R A A S TR 21 4y
Bz omgs, RN FKF FIGRZYR e A4
G sl . M Bacillus mycoides Gnyt1 T A4 FE K 24
E I mISIE R DI Re I RRAS (R S)AT A, NR $ds
FEHLEXTA 5818 458 M gmfdSE A, i 7E KEGG £X
P LA 1309 458 I gmis 5L, AN A B s
JELERTZE A S, 5 R Y Wik e R A
A X,
2.6 Bk Gnytl ZEFA KA

Bacillus mycoides Gnyt1 [# i 1 4= 3% D5 41 )
JPa5 R3], Reads SN 3025470 5% B 4L
ik 742832445 bp; EBILH GC HA SN
38.8%; FFHLI AR YK R 792.17 bp,

T RBEHESE-Y GC Sl 36.13%, JFHC e HE Ay
B 4654818 bp, A 9 NRMEEMA, 23 NIk
5o

% 5. Bacillus mycoides Gnytl Btk ZEFBFERH
RO EE Th sE i FRMER

Table 5. The function of the protein encoding gene
Annotation in Percentage
Sequence database No. Genes of total/"i
chr NR 5818 99.01
eggNOG 3593 61.15
KEGG 1309 22.28
Swiss-Prot 4157 70.75
GO 3140 53.44

Protein coding genes can be found in the database Hits; No.
Genes: in the database can search Hits protein encoding gene
number; %: in the database can be found Hits protein encoding
gene accounts for the number of total number; At least one
database: The number of protein genes encoded by Hits in at

least one database.
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Gnytl FPEEA A . B WMEYI R 5
ZRhEohag, FERA PSR 5597907 bp,
GC A 43 &M 35.57%, ORF Filil % ¥R b i A
5876 1>, SHUERMIZMACERA 51 5%, A 45
MHUER G BAHRRIEE , 5 36 FPILE R,
38 ARG YIBREGS, 6 SRH BTG MR AL,
19 Z&RoK AL A G AHDC IR SER , 1%k 8 4
JkL, AR TR A REA DI R
2.7 SEREBEERGERE

SRR Gnytl &IS58 EARFHE Porphyrin
metabolism (MMRACIH Y FE R F2H 2 5%(K 6),
JEH ID A orf01244 Fl orf06395, HE K 4 1% 1 & ik
BRIFHI E 43 310 311 bp #1247 bp, HIhfE 5
N BRSO, SER PP SR E A
i3y SP
2.8 IhEREEMRB®RE

AR Gnytl 2 55 5 9aUAM DG B R AA7E

F Porphyrin metabolism ("pMRACENH R, HA
protoporphyrin/coproporphyrin ferrochelatase (JiiAp
Wb /2 bR STV 2k 25 45 1 ) FIl Fe-coproporphyrin 111
decarboxylase (Fe-ZENMIK TIT R EH) I T HE . Mtk
R @A SRR DIAE G, BRI i P4 Fe
B TR IE S BRE PR AR, RIS
AT IARSCH) 2 Z55E) ID O orf01244 Al
orf06395, 4 Hlfin# A GYTL Ml GYT2, WHkILRE
FE5I % 5534k CP020743.1, Blast [t 45 5] 1
GYT1 HH A BT T Bacillus weihenstephanensis
KBAB4 EkE(E 3), GYT2 %[ 751 F1 40 Wh ek 444
Bacillus mycoides strain ATCC6462 JEX ¥ 51 49 [7]
EvEm (B 4), B —30, i E a8,

TENNIACIAEIE B rh kg T ALY . WAL
IR . A SR I Z L8 A AR (A S),

PREMACH 2 SRBEEASHRAR T REREAIT Fe?'
WRE, TERIEREVERT , BB &Y
FE Fel, MG TUE AL TR . HAR

6. SHBABXERMSFEIT

Table 6. Statistics of genes related to iron carriers

1D Function

KEGG ID Class

orf01244

orf06395 Fe-coproporphyrin III decarboxylase

Protoporphyrin/coproporphyrin ferrochelatase

4.99.1.1
1.11.1.-

Porphyrin and chlorophyll metabolism
Porphyrin and chlorophyll metabolism

Bacillus weihenstephanensis strain WSBC10204

447

3712784_3711849 CP009746.1

75 LBacillus weihenstephanensis KBAB4 1068912-1069847 CP000903.1

100 Bacillus mycoides strain Gnytlorf01244 1145033-1145968

-Bacillus mycoides strain ATCC6462 4654501-4653566 CP009692.1
Bacillus thuringiensis strain CTC 1056173-

0.01

actamicro@im.ac.cn

1057108 CP013274.1

100 lBacillus thuringiensis strain HD571 4087030-4087965 CP009600.1

Bacillus thuringiensis str. Al Hakam 1091771-1092706 CP000485.1

3. EE GYTI1
Figure 3. Gene GYTI1 phylogenetic tree.
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I—Bacillus mycoides strain Gnytlchr orf06395 5485983-5486726
[ L Bacillus mycoides strain ATCC6462 599697-598954 CP009692. 1
Bacillus weihenstephanensis KBAB4 5156728-5157471 CP000903.1

100

99

96

100 'Bacillus weihenstephanensis strain WSBC102044168017-4167274 CP009746.1

-Bacillus thuringiensis strain CTC 5208856-5209599 CP013274.1
acillus cereus 03BB102 5236380-5237123 CP009318.1

acillus cereus 03BB108 3909731-3910474 CP009641.1
Bacillus thuringiensis strain HD571 2892468-2893211 CP009600.1

Bacillus cereus D17 4629885-4629142 CP009300.1

—
0.01
4. EHE GYT2 #iL#d
Figure 4. Gene GYT2 phylogenetic tree.
Femtin-Fe Transfemin-Fe
Fe™* Fe™
Fe™ O«
Apofemtin Fer
Fe-coproporphyrin Il Apotransfemin
o T— O
HemH
O = = — P Peroxidase
Protoporphyrin IX

l N——vo»0 Myoglobin
: ' e e O Cytochrome a
s s s () Cytochrome ¢

| — —#O Catalase
\ito Hemoglobin
‘ |
5. EBE GYT1 FEE GYT2 9 KEGG i@ % (AN i)
Figure 5. The KEGG pathway of gene GYT1 and GYT2 gene (porphyrin metabolism).

Wi A Y R AR A SR L S SR RiE
VRS NE, WUELER L 4 68 3R R I 21 2 1 15 in 240
M RE AR, TR e T A P A A A
I AT VER, B TG IR A
St HEsEm, KPR GYT! AENE GYT2

01 4 AN B AT
3 9tk

AL DR A N P X6 T O e A i i ks HLA E
B, T RVE AR T AN KRR R A A IR 2 AL
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MRIRNE Ol 8 34 JE R A e s 9 88, o9
MrEAR 0 2 FHLERNY . AR Gnytl B RUE
BN, Mor7KF b — AR
AN g SRR, R M SRR p i iR AR S )
AE, LAy PGPR [ R0V BERE R E A0 A D RE B UE
RSB

TEBRERIREE T, BRBUARRESS & =M B8 iin]
WG, WMEEE A 2RSSR, DI InTE
PRk = BRI HOCRIAE ST, CARZHR
R, BEATEREY A LA RER . H
i, RHAEY A 25 1A [ 0B 100 2k A2 s 3R Se bt
RE Az, BAGREARNE RV B TA
EARBIRIE Y, BB, DISE Y Gnytl
TR R A R S IR A B RE ), R BUA— A L
AT T TN S 2 5 BR AU AE I AR o3 WAk 2k AR 2 7Y
e HAAR S5 b o ARBIEFE IR G 20 B % I e ¢
THAECHE , 0 S 5 7 AR B AR AR DG Y D BB ]
RIMAEZEMIE R h AT 9 JRIL Rk BUA S 7y
WA, Hrp 2 JFERAAAE TN 2 i R 58,
R R T — 2 R 2 TR T R r S 4 At 1
WA

P Th R EUR RE A AU BT AE R HEA, BR
BRI Fe' TE LI G MR i 1) 20 B R a2 4R
S, SR TE RE EAROR 0 15 VA% s KA ETE RIS L
LA, EA AN 4N, Byron 450
5T T REAR A AT, IR R T AR
£ WU NIE RN TR A G S SN S N (1B 81K 5 K5 21
WEEA 2 FAEYGRGER, —EE R AE
1 Bk & B B (nonribosomal peptide synthetases ,
NRPSs) KGR Z MR GG, I3 —FE DIAMK
#ifi T NRPS(NRPS-independent, NIS)f) 7=, tH—
FARFR G IR S 54 . AE5tis Fa T
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HKFRIAZ I T 5 BRI S R I BERE N, B
T Gnytl wARAPEREIAR R RAE, Hohs orgk
e iz s R AR IR A BE R =, Dt —
AP XA S T RESE DA v B K K 23 B S5 T 5 B3 I
SERYERL, WONIRZEIEE PGPR 23T A M A S
PRI Bt A DR U o AR TR X T bk 2k [
L P 5 4 A 15 L REAR I B T AT BR A 2 IR
FOR, AR DR LB A A R TN 20 A Bk AR AR
KINREIL A, X FRLERL AT AT T — 21
BIE

Xt Bacillus mycoides Gnyt1 Bk FH AT 7 A
AR P ARG Ay A T S A Y, f
WP S, B4y 90 D 0 T 4 I K B
5597907 bp, GC A /3 & w4 35.57%, HE 5T T
TR R 1) 4 35 R LA 8 R 5 AR O 1 T RE
H, KIS ERBAR WA IEEE GYT1 FSERA
GYT2 T2 AF{ET Porphyrin metabolism (M#RA LI
R, FESARNRNEmEa e, M
PSRN E S ek, BRI
P

Z % 3 W
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Exploration of functional genes related to iron carrier secretion
in the plant growth-promoting rhizobacteria Bacillus mycoides
Gnytl

Xiaomel Yangl’z, Jianhong Li'?, Tuo Yaol’z*, Qi1 Li*, Ying Fengz’3

' College of Grass Industry, Gansu Agricultural University, Lanzhou 730070, Gansu Province, China

?Key Laboratory of Grassland Ecosystem Education, Lanzhou 730070, Gansu Province, China

’China-America Grassland and Animal Husbandry Sustainable Development Research Center, Lanzhou 730070, Gansu
Province, China

Abstract: [Objective] For the excavation of plant growth promoting rhizobacteria (PGPR) strains, the functional
genes were analyzed and mapped in order to find out their scientific value and industrialization development and
serve agricultural production. [Methods] Bacillus mycoides Gnytl strain was used as the material, and the second
and third generation sequencing technology were combined to carry out the whole genome sequencing of the strain.
The possible functional genes of the nuclear genome of the strain were analyzed, and genes secreting iron
carrier-related strain were analyzed. [Results] The total length of the genomic sequence after splicing was 5597907 bp.
The percentage of GC was 35.57%. There were 9 genes involved in the secretion of siderophore in this strain, of
which 2 genes mainly existed in the Porphyrin metabolism pathway and were associated with intracellular iron
transport metabolism related. [Conclusion] Through whole genome sequencing, the functional genes related to the
secretion of siderophores were identified as GYT1 and GYT2, which makes it possible for verifying the gene

functions.
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