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Whole Genome Sequencing and Sequence Analysis of Streptomyces sp. FBKL4.005 from Moutai-Flavor Daqu
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Abstract: Streptomyces sp. FBKL4.005 was a heat-resistant strain isolated from Moutai-flavor Dagu, which could grow
and metabolize at 37-55 “C. In order to get insights into the metabolic mechanism and functional role of the strain in liquor-
making for the exploitation and application of extremophiles in Dagu, whole genome sequencing of strain FBKL4.005 was
performed on the Illumina HiSeq 2000 sequencing platform. A total of 67 771 429 reads and 2.47 G data were obtained.
By de novo sequence splicing, 69 contigs were also acquired. The complete genomic size of stain was 9 454 406 bp with a
GC content of 73.03%. After filtration treatment, 7.33 Mb effective data and 7 946 annotated genes were acquired. We
conducted a comparative analysis among the GO, COG, KEGG, NR and TCDB database for genomic prediction and
functional annotation. The acquirement of gene annotation information can provide an important foundation for further
research on the metabolic pathways and mechanism of heat resistant Streptomyces sp. in Moutai-flavor Dagu.

Keywords: Moutai-flavored Daqu; Streptomycete sp.; whole genome sequencing; gene functional annotation
DOI:10.7506/spkx1002-6630-20181403 1

s >S5 Q939.13 SCHRPRERD: A SCERS: 1002-6630 (2018) 14-0206-07
Elp e

2T, ERST, BN, 2 A K o B A T T ARFBKLA.005 4 5 R 4100 P S P A1 40 [T & Sh Bl 2, 2018, 39(14):
206-212. DOI:10.7506/spkx1002-6630-201814031.  http://www.spkx.net.cn

LI Dounan, WANG Xiaodan, LUO Xiaoye, et al. Whole genome sequencing and sequence analysis of Streptomyces
sp. FBKL4.005 from moutai-flavor Daqu[J]. Food Science, 2018, 39(14): 206-212. (in Chinese with English abstract)
DOI:10.7506/spkx1002-6630-201814031.  http://www.spkx.net.cn

ks H: 2017-05-30

HETH: & DI E (BREGZ7[201413012) 5 Ho/A HEKED (BSR4 E KETTGZ[2013]60095)
BEEFA BEME 91— , B, WLEIE, AT RAKEE TR, E-mail: 530034619@qq.com
CREEE A BB (1963—) , 5, %, o+, MRyl TR, RE TR, SREDEAR. AlRE.

E-mail: syqiu@gzu.edu.cn



XY TR

E6mill=

2018, Vol.39, No.14 207

BEFE (Streptomyces) N334 FIRJE T
H, &SR w 268, B KE RGN o EH
b2, TEAHAT LIRS . AFAEY, X
— R RPN AR R EEY, ZR R TR
PR 2 BB & A i B A IR AR =Y (P &=
&), B RIMAEDEE, 2 —REGRANHEED
M ek, fERER., REM QIR R
WG S B BB TR 2 MBIk, FFxr AR R
AT T — AR, WA R 8 7R BRIE A 5 A7 e 2
A= PR 1 S

A S DR A e A e Ko AR e 2 R AL 9 e A R AT A
AR AN, BAWFERST . AR S
BARMAD, JEEREE ZHEAROPOERE, L2
FHEAN RN 2R AN T HAR RN T —F s
WFB, TTZRATAEY . EEES. e
M, DUMERESRZR . KRR AT 7 38 2 i VR 1 2 IS
454 Tllumina HiSeq 20003l j3>~F- & T A N3 AR ) — AR
AEERAEANFHEAR, BN TR R MU AR Z R
ML AR R TIRILR R EE TR, o4
e i PR B WD SR B 43 i e DA TR TR A
(I v R4 T BRI B e i i 3 B
M S, BT HMELS R AR IR R AL
BRI T OAE R, X B4 E AN F AR
AAE RO RN, b, R ik B g SR ZE AT
(Geobacillus thermodenitrificans) ™. 375 22 i X
$o rh g R PR e AL AR L KRR B 3 e B AR
HE (Pseudomonas stutzeri) "1, IR ZEHIAT .
RO FR T TS TR 74 RO A5 B I B YL AR X Ak A
U P G R Y ST FR R K R i B AR
B R BT DK R & B OB L R T R
S PR R AR A S S S E AR RIIE A, AT
AR TE A TS G s R R AU I AR 1) R 3 RA A i P 45
AV Z DT TR R T ERMHESIER .

AW T T & 57 AE IR AL RSP 2 BT BT T
2 b, HFHP K454 FLX A gid w77 6 5 se M3
W B B e e Kl 2 R B R A A 2 R AT T IR N
Ft, KIAEJE KT LR R A Kl H AL A A8 <
—, GEHLEHRKMEAEDENIDU F, BRI
AR R A HEENIIRMEER; B TR 4R, RREH
W B IER BT, BRI R A 31 MR AT
TRV B BE B T RRFBKLA.005,  3F LLiZ R bR b REEAT
SRRV 2N 7 o B, DA R ) e v R 1 o R s A
PREJARBIRAAE, 9 H G %A Rl iz BB DhRe Mo i 4T
-3

1 MeSTh%

L1 MRS

HREEg (LW EHS: FBKL4.005) ik 7 &5
B 650 &l & o, 205 HE B 4 DNASR U
A& EKEBiomiganwl; HIHEER. HAEFR. B
Bl Tris. EDTATAN LR ZERERHCAR AR HAit
RT3 = 2
12 BSRE

Thermo mid & 7 B DAL SEIE U5 & PR A IR
Nl IRE KA BERBARAC  FE E RS A
MBI AFE WIS Flex cyclerZ D A T
#E2C B (polymerase chain reaction, PCR) ¢  ZE[H
Bio-Rad/A#]; BXM-30RSLAKEHy  _EHg sl A
IRARIEST & s SW-CI-IDIF L TAEG  #Hisk
WEHRAT .
1.3 Tk
13.1  FFRIEmiks 5E Iy

BRI R CRIBUES 7R dE: ISP R FREE.

WARFN 7o 55597 5. a0 /L. MEEH
4 g/L. EAM4 g/L. BERRZ R4 g/L. K,HPO, 4 g/L.
KH,PO, 2 g/L. MgSO, » 7TH,0 0.5 g/L, pH7.2~74,
1.3.2 B DNARHREL

MSER AR (4°C) PRIR TSP, R4 15 77 2 1 HY
TR E R, PR T 100 mL AR T3 B 5 95 3
T45 CHiFR24 W), SR 2401 55 R L DN A SR BGR 71 G 42
IEF4DNA, #EPERES ARG Hidtir, e
5 ZH R FH 0.8 %o HA B¢ i 47 FELUK IS 2 B R B AR A %o 2 B
RCRFEAT RN I T R R A
133 AR ZH 00 5 0 b 2 K o3

KPR 2L DNAHEHY 5 % F Tllumina HiSeq 20003 /7F &
SERCAFERHIMFE, BT SEH I HiSeqF & 58 U &
fi ] Agilent 2100% SCEH4E N J1 BoE AT R, Ifis I s
I 5 B PCRALANS STPE I A BOK FEREAT HERf € &, fRIE
SRR . KA B B R A e AT I e AL R, )
LERPTEEA KT ISR R A . NFIEL 210 bp.
5ES 2 Aloverlapi#id 15 bpfireads, Z2FFE Fh1E 32 LA
KERGH, 523688

23 TRAL 515 2 A 8C8dE, 81 FHSOAP denovoZf
B IAT T A PR L, AR A R S S
ff i HhcontigHE#1,  HUK K T-500 bpl#) /751, HR4E AN [
HIK-merdb 1T H 2SRV D U LE R, SR )5 K A krskgf,
gapclose 5 FF 6 4] 20 41 3 45 S kAT AL AR, 3%
contigiEFZ B KA 741, 3B RAHFEL R, JF5G0
(Gene Ontology) . COG (Cluster of Orthologous Groups
of proteins) . KEGG (Kyoto Encyclopedia of Genes and



208 2018, Vol.39, No.14

XY TR

Genomes) . NR (Non-Redundant Protein Database) .
TCDB (Transporter Classification Database) ##f JEHEAT
LEXT 43 HT, AT 3145 BRI AR S5k R 2 T REVE R A5 5 o

2 ER5HH

2.1 RAREERIH 2 A

FIFSOAP denovodd % #4225kl /5 45 2 i) e
B X i B A5 S BUHR AT B (JRAR)T 4167 771 429 A
reads, 12K150 bp, SCEFHA B K/N6 000 bp) , 3t
$R157 M scaffoldsF169 contigs, F£9 441 858 bplk £ 4
G, o I 3 R 2R B B R AR 5 NS O KNy
352 516 bp, N9OK/NH116 315 bp; Zid Ak 5 % kb
G, SR8 E AN IR 4 KN N9 454 406 bp, GCy
HONT3.03%, FERSFIKE 976 bp, b g i X FE A
MECH8 316 A, HEEANFEHA T AR /N86.01% . A
PRIERIGCH & S I iR By A B mT (1D, 2 3
AR EMGCH & X E N ME60% ~80% 18], T4
REZ 3 AA1ET0~200 X 3G ;s Unigene K B 43 A 42
7E300~1 100 bp &% K T2 000 bpii Iy (E2) , Hrh
400~500 bp K FE MR i %, 18E1669 4, i 3L
f£18.00% /5 45

1500
¥ 1000
& 500

0

).

300

200

I %

100

GCH /% i
1 HBERGCEERRNTFHEENMGE
Fig.1 GC Content and sequencing depth distribution

700 66
600
500
400
300
200
100

9
582612605612626

FER A

El2  E#kUnigenel B4}
Fig.2  Unigene length distribution

22 RMRIEERIAR D RETRE

B T BRI E #HE 5 GO (Released November,
2013) . COG (Released September, 2015) . KEGG
(Released April, 2016) . NR (Released April,
2016) . TCDB (Released April, 2016) Ihfig#iE ik
ATBLASTLE XS, [FIHSf fantiSMASH (version 2.0.2)
Xof i PR AL b L Ik AR B R AR HEAT T, B A &
Bt (BLASTP, evalue<<le °) , X} T4 —
P HIMIBLASTS: B, 1% AT 73 de v 1) BL X &5 R
(identity=0%, coverage=40%) HATIER. KK
B ILAT 946 NEERAS B sl D LU XHARE, i BE R
(¥195.38%, 3LA5258 ANk A 7E A3 $odle e 45 2R R
AR E3.10%; b, fENR. GO, COGH# F
AR B DIRRTE R BE AL 2, 43087 903, 5 358 ANF
5720 4, HIERESHI94.86% . 64.31%):68.66%, T
FETCDBHHE PE h 13 BNE R ZE R e 2D, (NAA451 A4S, 5
BE DR 5,41 %, LA (1 TR PRk R 20 T 6 R 40 A 1
VISR

2000 H
0 1 1 T I

NR KEGG COG TCDB GO
Bl e A K

3 WHREREDREERESHAER

Fig. 3  Database distribution of gene functional annotation from the strain

221 NREGHE B KR

1 EHRERANRERE XD HTER

Tablel Results of BLAST with NR database
MR R %R RS RERYE  HH%
FEHTHR (Streptomyces sp. ) 4544 57.50
KB (S. hygroscopicus) 1171 14.82
BEREIRGERR (S lavenduligriseus) 342 433
FEEEERE (S achromogenes) 293 371
PSR (S. roseochromogenes) 229 2.90
S. durhamensis 173 2.19
KEHER (S glaucescens) 50 0.63
S. leeuwenhoekii 45 0.57
IS (S, collinus) 44 0.56
S. olindensis 39 0.49
AR R (S rimosus) 35 0.44
IR B HEER (S scabiei) 31 0.39
BEREEE (S monomycini) 30 0.38
FEGER (S. ipomoeae) 28 035
ki B SRR (S viridochromogenes) 28 0.35
et 2 i (S. turgidiscabies) 25 0.32
FHFIREE R (S, cattleya) 24 0.30
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S A B5
Hk1
M EER TEREI HRHE HAH%
§. aureocirculatus 19 0.24
FESERR (S. albus) 18 0.23
PEIRR KR (Kutzneria sp.) 18 0.23
S. fulvoviolaceus 17 0.22
TR EER (S, griseorubens) 17 0.22
B REERH (S resistomycificus) 16 0.20
K OREER (S flaveolus) 16 0.20
FOREEEE (S, clavuligerus) 15 0.19
BIAESEE (S, avermitilis) 15 0.19
MEFEEH (S. bicolor) 15 0.19
UKIEERT (S, bingchenggensis) 15 0.19
T It 591 7.48
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Fig.4  COG functional classification of maitake Unigenes
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Table2 Gene ontology classification of the strain
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Fig. 5 Functional gene distribution of strain FBKL4.005

224  KEGGHEE BT

KEGGH LT 19954, & 4= T 43 # %= Kl R 18 = e
Y H R AR K DI RETE I E B 5%, i, R
O HIE R KEGG PATHWAY 045 ;3 i F i 22 1 L Xt
B, A DU A e R S T e A O I B A
FEIL R, A FOR B AR I R SRR T 51 S KEGGHUE &
BEATEEXT, XTKEGGAN[F] 73 K EEXT 45 R e gt i, KM
AR RI I E3 492 N R BERE, o5 B bR R 4L
(1143.95%, /KA IR LA KG9 AR A TR ik 2k
DA 20 B 2 B0 K ) JLMAR IR %, 737l 45355. 345 AMF
155 DML RELE R

it — B KEGG PATHWAY 5048 4> 01, i 5E
AR 179 A9 AR a5 15 2 RE, 3L P s AR
(934N | MR SHERAEMER (914 « TERHESR
W82 EAEERHERERFE AW (794 | EWIER
U (78 AN AR/ ARRAW (76 4 DL I 2
BEAZ T BRI (75 A 5518 % 5 bR S R LA LU
WEMACEE (383) o BhAh, @ L g R AL AR K
338 N5 N RFAE AR o 2 AR . 187 AN Rk

YA HE R 87 SIS AR E RS . 74 NS5 K
o TR R BB B LA ST AN SR B RS RS
AP AR OGS IR PRI IR L5 L, B
T2 T R AE B RS A 2R FR AT RE 5 IR IR U™ A AT —
MR, [FIRAREE BA —E KPR AR REATR 2>
TONRERERE ST, N4 JE %R ARACH ShRE IR TLAT F 1
B

®3  HHREEAKEGGEIEEFXERBERS I

Table3 Main metabolic pathways of the strain from KEGG database
AR I i TEREAR % 4 7 HEBRA (=40)
map00230 MEEN AR 93
map00010 BRI - R A A 91
map006350 IR ) 82
map00627 SR R G PR AR 79
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map00330 R AN 2 R A R4t 76
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map00280  ZREER. stE AN L a AR 72
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map00380 g B 60
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map00350 Pt R A it 52
map00626 IR 50
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map00720 J A% A i ] 52 49
map00250 WER . REARMBER 48
map00051 SRR E bR A 46
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map00270 2 [ U A A A R A 43
map00410 TR 43
map00625 ARSI P A7t 43
map00624 EZIS g 41
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map00281 1 I B 40
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Table4  First level classification of the strain by TCDB database
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Fig. 6  Second level classification of the strain by TCDB database
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Table5 Secondary metabolic gene clusters of the strain
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3/26/28 FiAth
3 ieE&R
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