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Comparative analysis of bacterial community structure of Chinese Fen-Daqus
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Abstract: The bacterial community structure of three types Fen-
Daqus (Qingcha Daqu, Houhuo Daqu and Hongxin Daqu) were stud-
ied through construction of bacteria 16S rRNA gene clone library,
sequencing and phylogenetic analyses. The results showed that the
bacteria communities of three types Fen-Daqus were both distributed
in Bacilli, Actinobacteridae, Gammaproteobacteria. But there are
some specific differences in detail composition of the bacterial species
among the three types Fen-Daqus. Lactobacillus and Staphylococcus
were the dominant bacteria in Qingcha Daqu (the ratio to total clones
were 37. 78% and 22. 22% separately) ; Lactobacillus s Sta phylococ-
cus s Bacillus and Weissella were the dominant bacteria in Houhuo

Daqu (the ratio to total clones were 35%, 16. 67%, 16. 67%.,
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13.33% separately) ; Lactobacillus, Bacillus and Thermoactinomy-
ces were the dominant bacteria in Hongxin Daqu (the ratio to total
clones were 26.67% ., 28.89%, 17.78% separately).

Keywords: Fen-Daqu; Qingcha-Qu; Houhuo-Qu; Hongxin-Qu; 16S

rRNA gene library; bacterial community stucture
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QBRI I LR D A IR R 3 AP AT L g
AR R BB 4 T BB TR
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Taq fiff . pMD19-T #AKFl Escherichia coli DH5a J&Z 45
A BRI VTG Msp1 Al Hhal: K% 584 947 RS A

PCR {¥: BIO-RAD Thermal Cycle %, % [§ BIO-RAD

5
I

5

B> HL: Eppendorf Centrifuge 5418 A, 3¢ [E Eppendorf
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Table 1 Information of Daqu samples of the experiment
A 2 Y ol it e D ST A 2
YR 2 i (45~46 1C) gt
YR JE Kl il (46~48 'C) gt
Yril Lo Pl G AT 35 50 1C) R
T ORI PG AR .
1.2 WA E
1.2.1 & DNA H42HUK PCR ¥ #  DNA 422 I SCit

[10]. BI# Eub27f (5’-AGA GTT TGA TCC TGG CTC
AG-3") fl Eub1492r (5’-CGG TTA CCT TGT TAC GAC
TT-3)HFY B4 16S rDNAN2 5 T B 1k PCR 2% .
AR 3 ANEE . Bk PCR &1k & & PCR ¢ 4 42
J [ i s 4 11y ik e
1.2.2 4R 16S rRNA B ope SR MM G aifb)s i
PCR =% 5 pMD-19T #ifk 16 °C i & i% #&, il i # ik
A2 CHB 90 O EE Y HRABEZEMNE E. coli
DH5 a8 32 75 40 M 9 01 29 10° 4> /pg) i,
1.2.3 PFHMEERE T A9 0% vk & RFLP 43 #F i 7& PCR i %
HEETE e F. 514 RV-M(5-GAG CGG ATA ACA ATT
TCA CAC AGG-3) 1 M13-47(5-CGC CAG GGT TTT CCC
AGT CAC GAC-3) I T4 PCR ¥ 1. PCR ¥ 1k R &
PCR #8415 7] v % 5t 45 19 7 35001 R Mspl Ml Hhal
XU FH 7 7 B F T 9% PCR 7™ 9 19 B 00 3%, 0 8 AS ) 3%
B Geih g — 1 B 0T A I B I AN TR S Y 1 v
FRE Rl A ZEA Y AR B A BT DNA T,
12,4 RSN K 16S rDNA JF 5 MBI =97 )6 i 5 51
12

€ XA — OTU (operational taxonomic units, iz 2 7 25 B
AEL0120 MR I 45 S A RFLP 4320 0 45 31 S 3 4% 3C
JEM OTU %t H KA~ OTU £ v B SO Y 2 A Lo il . 4%
A OTU MARTLE 7751 5 NCBI Bl & 47 Heoxt, 4%
5 S BT R A [ R e = )T 5 TR G R B WA
e Ho oy S M. Seaviewd R4 X} 55 7 51, Mega 4 1 {414
HRGEREW . SR kS % e 55 i ikt
HA 32 AN FERE T 16S rRNA % K F %1 F 14 2% NCBI Gen-
Bank %#% % , GenBank J¥ 515 & KF984353-KF984384
2 HRS55br
2.1 #HE 16S rRNA EEH#) PCR 18

AFEAMAEE 16S rRNA JE B PCR 9714 7™ ¥y 1) Byt i 4
HL gk P UL 1. fh s 1 RT3 RO i RE B B 4T 16S rD-
NA PCR ¥ SRR ABARGF #9158 T — 2852/ 1 500 bp £
A E B4

2 000 bp
1 000 bp =g

750 bp =
500 bp —*

M. DNA Marker(DM2000) A. #§7EM B, 5t C.Zooh

A1 @® 16S rRNA A H PCR =489 & ik B #%
Figure 1 The electrophoresis diagram of PCR products of

bacterial 16S rRNA gene
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HB4r Y& PCR =W dk % WLIE 2, 7% PCR =41k
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T EAEM G Kt R i 405 16S rRNA FE [N SCFE Py 4y
B 45, 60 A 45 AN PR FERE T H TS 220 RFLP 4087, %
4% 3C I 5 BHE T B T 9% PCR P2 ¥ il ot Mspl Fl Hhal %L
fiff V))& o 34T RELP 4347 . 343 RELP By B WL 3, AN
Kl AR 4l RFLP 2 #r 485 5%, P R [l g /1y 32 A~k
YEkEF HEAT )T L F 5 NCBI GenBank U 2 b X (WL 36 3)

M. DNA Marker(DM2000)

B2 4l H% PCR b b ok B
Figure 2 The electrophoretogram of colony PCR

products of partial colonies
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Figure 3 The electrophoretogram of double enzyme digested
products from PCR products of partial positive

colonies (Digested with Mspl and Hhal )

2.3 #H 16S rRNA EEH X E/ITME

3P ANTE 16S rRNA FE M SCE Y 4 11 45 5 W 3% 2.
ISCEER 5% F B LTE 64% ~72% , ¥ 5 3k B 41 Al ; Shannon
T8 H0M Simpson H5 80 W R 3 FhvE F AL M P9 40 0 VR 26
HEE DN PR LA, 5 KM >G>0,
Buzas-Gibson ¥ — B #8809 sr Ar 45 SR R W, a0 .0 i > J5 2k
Mh>w . AL 3 AN SCPE R R R B 4R, H % SO fE
TE— R L R WA R R N R AN B R R

5.
2.4 BEWANHAHBELEN

YEREM JF Joil c2nn M Y 40 B 16S rRNA I K SC#E
R 50 B F 76 SCE h /Y 43 A B NCBI 04 B L {5 8 0L
F3, MFE 3 M. TR T 5 X R F 5 A A AL ) 3k #)
98ULLE, REFTETSESMWENRELFTRILE 4. |
P4 B BT A Ol N A RS R A T AR AT
W RER BTN, FRTEHRNNEETELESA T
FLAT I H (Lactobacillales) 1 27 /S #T & H (Bacillales) . H 1%
FFE BN TR R £ 38 H 11 4 OTUs, R 404 T3
T )& (Lactobacillus) BT IR B (Weissella) W B PR B &
(Leuconostoc) JFLERE J& (Lactococcus ) s 2 A& H 78
FAEH 54 OTUs, 535 K ZE MK 58 (Bacillus) i 4 Bk
W& (Staphylococcus) 18 2 W )& ( Thermoactinomyces) .
RO TR T T B A T B H (Actinomycetales)
N 4 25 T4 B (Streptomyces)  J ¥ 6 J& (Brevibacterium) |
2 ¥ W R (Kocuria ) & Brachybacterium J& . 78T FF B 40
W3R+ F 210 T A S AT 3 8 (Acinetobacter) FIZ W&

(Pantoea) ,

R

x2 AEABEBAMMAE 16S (RNA BEEXEMFKITHH
Table 2 The statistical analysis of bacterial 16S rRNA gene libraries of different Fen-Daqus

. ) ) EE Shannon-Wiener  Simpson Buzas-Gibson
SOREW BEFHHE OUT %(H y . "
R/ ERe Eigi ¥l — R
A 45 16 64. 44 2.51 0.90 0.78
J& Kk 60 19 68.33 2.71 0.92 0.79
210 il 45 13 71.11 2.39 0.89 0. 84

T 8% Shannon-Wiener $8§ BUEUE MK, 22 3 SCHE o s e T 2 FEME# & 5 Simpson $8BGHE T 1, %
B SCPE SR T 2 R 1 8 & s Buza-Gibson ¥ — 8 SO B2 1, 26 B SCPE vp s B T 20 A Bl 2

5p010.12,13]
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5 2 BB A AE T 05 28 R 2r 0 P 2 o B B R R AT
TR 2 Y A I R TR R 5 R TS R AT T R 2 ) Jth
R TR AR . L, 5 2 ol i O A TR B S AT T B (A
TR H 4R 37.78% .7 OTUs) M 45 3K 8 (22. 22%
1 OTUD 5 Ji7 Al i 35 & 3 R ZLAF 1 R (28 e B 19 1L
%12 35% .8 OTUs) 45 Bk T4 J& (16. 67% .2 OTUs) , 2f ffl
FFEE & (16.67% .2 OTUs) BT R EJE (13.33%,1 OTU);
£L0 Y D8 3 0 B D FLAT BB (O & 8 s B - 1 L 1 SR
26.67% .6 OTUs)  ZFIAFF 1A )& (28. 89% ,2 OTUs) , & i ik
LB (17.78% ,1 OTU) . G 7 .35 & 5 3 Ff 1 40 7
BEVE 25 F AR A — o W 25 57, 05 it 43 300 45 98 2 it A 20 iy L

AEARRL A VA 2 AT ol i 3 R AL A

PSR AR AR AR R il R TR 30 C AR
A A M R AR T A R E A T RO Y ROl
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L0 it ol ot 38 A5 s PRI T o A 94 2 LA T A 8 R
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AR 5 T 37 4 0 o ot a3 AR, A A T ) ey UL I R T Y A A
A Ta] F A ot 3R e A B A B AR R R R AR AR AR A5 B AR
HEPE A A [ AR 7 0 1 T XU T St A7 T 22 S U3 3 SR
FHARTR T2 A7 0 3 B ok il 3 (] 2 e . = 35 4 AR L T2
BT T R G XU
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Table 3 Blast and distribute information of represental clones from 16S rRNA gene
libraries of different Fen-Daqus
fRF ke WM S5k 200 oA AR/ )
A 55 e
TS L/ % et/ % He i/ % %

QCQX-12 11. 11 5.00 4. 44 AB605665 99 Lactobacillus paralimentarius
QCQX-88 8. 90 6.67 6.67 HQ322272 99 Lactobacillus sp.
HHQX-18 4. 44 3.33 4. 44 AB598972 99 Lactobacillus sp.
QCQX-4 4. 44 5.00 4. 44 NR_036788 99 Lactobacillus pontis
QCQX-74 4. 44 1. 67 4. 44 NR_075038 99 Lactobacillus sanfranciscensis
HHQX-81 2.22 3.33 0. 00 EF120367 99 Lactobacillus brevis
HHQX-9 2.22 3.33 2.22 EF536361 99 Lactobacillus helveticus
HHQX-2 0. 00 6.67 0. 00 DQ399353 99 Lactobacillus paracasei
QCQX-7 8.90 6.67 8.90 NR_074694 99 Leuconostoc citreum
HHQX-20 8. 90 13.33 4,44 DQ321751 99 Weissella sp.
QCQX-58 4. 44 1.67 0. 00 AB601163 99 Lactococcus lactis subsp. lactis
HXQX-70 0. 00 5. 00 17.78 AJ251778 99 Thermoactinomyces sanguinis
QCQX-33 22.22 13.33 0. 00 NR_024667 99 Staphylococcus sp.
HHQX-16 0. 00 3.33 4. 44 EUS855191 99 Staphylococcus sciuri
HHQX-8 0. 00 13.33 15.56 JQ291596 99 Bacillus licheniformis
HXQX-92 2.22 3.33 13.33 JX680141 99 Bacillus sp.
HHQX-14 0. 00 1. 67 0. 00 NR_041208 98 Streptomyces albus
QCQX-27 6.67 1.67 0. 00 AY243345 99 Brevibacterium linens
QCQX-6 2.22 0. 00 0. 00 NR_025502 99 Brachybacterium paraconglomeratum
QCQX-65 4,44 0. 00 0. 00 FJ607312 99 Kocuria koreensis
HHQX-32 0. 00 1.67 0. 00 NR_074737 99 Acinetobacter baumannii
HXQX-16 2.22 0. 00 8. 90 FJ756354 99 Pantoea sp.

T *QCQX”\“HHQX”.“HXQX"” /il AR #E M J5 Kl L2040 78 16S rDNA SCHE FERE T,

WA S PCR—DGGE $ A v il oK i 40 0 B
A HIIEAT 1 o307, 65 3SR BT it 5 R e A 1 3 2 it 2 R
e Al R S s 09 210 il A I AL B ) okl R
rh, ELVE A R 20 o D) AR 9 2E 2 S R M S AR R T
T A B P A T S AT IR AT R L LR R
AT R ER R L H SR R RS FTE R AL
HKPE. ®IR$N 38l PCR—DGGE $ A St AR [/ T2 K il
CELAG VR 5 26 M 5 i 20 M) B9 380 A 0 B 5 25 4 ik 47
THER CEREPEFERRM P AR LR ER, G
panis. L. pontis. L.
tum Weissella cibaria ; A 2F 460 FF T8 F1 Al B 2F /0 FF 18 K
ith B A G 5 Thermoactinomyces sanguinis XA 1E T ¥
FRAK M. Zhang %15 8 ad 454 WP B AR WE 3 Fl
T B AR P 40 TR R A 25 SR R I 3 Ak il v 4 T R B

14

Lactobacillu. helveticus . L. fermen-

B TR RE TR TR VA T R RE TR TR AR SR B 43
SR S Kt AL i i 72, 296,98, 6% ,81. 4% 5 3
R M T E B Weissella cibaria | Leuconostoc cit-
reum \Lactobacillus sakei L. pontis L. paralimentarius Fl
L. mindensis ; 1§ 2 M1 P3O0 3B} Sy 41 45 08 BH R0 ] R 2R AR )5
Kt P DR A TR A ZE AT A 5 20 it PO A R Dy o TR R TR R
MR R, AR v A8 TR FF T A4 IE . A 3 30 %0 13 T K
Mo R MARE N 2 ER £ 8 AT EEL
O M AUS B TR T X — 258 S AN CRIRATT
Zhang""*T 45 I S50 58— B0 AN [ (9 2 78 B ) J8 A 2 B He 4] I
HRUEEZS BAMREBNNHEZHETFE., WA AR
A A A B4 5l RTAT O iy P ARG 3 T v LA G
T T (Thermoactinomyces sanguinis) , 3 LI b 25 5 1Y 5
AT BE A2 i 0 Jr vk SO0 AR S R TR S B0
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99

95

97

99 - @ QCOX-88(4,;4;3)
83 [' Lactobacillus farciminis strain: NBRC 107150 (AB626064)
99 |“ Lactobacillus futsaii strain YM 0188 (HQ322272)
@ 0COX-12(5;3,;2)
99 t Lactobacillus paralimentarius strain: CW 1 (AB605665)
r. HHQX-18(2;2,2)
Lactobacillus plantarum subsp. plantarum strain Nil 323 (AB598972)
99 r Lactobacillus sanfranciscensis strain TMW 1.1304 (NR_075038)
[. QCOX-74(2;1;2)

[ @ HHOX-81(1;2,0)

99 | Lactobacillus brevis strain ATCC 14687 (EF120367)
@ HHOX-2(0;4;0)

99 - Lactobacillus paracasei strain SFCB2-4 (DQ399353)

99 | @ QCOX-4(2;3;2)
Lactobacillus pontis strain LTH 2587 (NR_036788)

Lactobacillus helveticus strain ZL12-1 (EF536361)
[ ©® HHOX-9(1;2;1)
99 {0 QCQOX-7(4;4;4)
Leuconostoc citreum strain KM20 (NR_074694)
@ HHOX-20(4,8;2)
o | Weissella confusa strain Inje LM $-338 (DQ321751)

s7- Weissella cibaria clone 9C4 (AM157435)
F. QCOX-58(2;1,0)

99

99

99 | Lactococcus lactis subsp. lactis strain: Nil 85 (AB601 163)
99 - @ HXQX-70 (0;3;8)
Thermoactinomyces sanguinis (AJ251778)
98 - @ QCOX-33(10,8;0)
99 |'L Staphylococcus kloosii strain ATCC 43959 (NR_024667)
99 Staphylococcus succinus strain AT4 (GU084442)
@ HHOX-16(0;2;2)
99 ' Staphylococcus sciuri strain CTSP9 (EU855191)
99 [ Bacillus licheniformis strain HPG16 (JQ291596)
@ HHOX-8(0;8,7)
99 Bacillus pumilus strain J (EF197942)
S @ HX0X-92(1;2;6)
45| Bacillus aerophilus strain MCCC 1A08371 (JX680141)
6s' Bacillus stratosphericus strain MCCC 1A08157 (JX680139)

r Streptomyces albus strain NBRC 3418 (NR_041208)

@ HHOX-14 (0;1;0)
99 @ QCOX-27(3;1,0)
Brevibacterium linens strain VKM Ac-2119 (AY243345)
[. QCOX-6(1;0;0)
i Brachybacterium paraconglomeratum strain LMG (NR_025502)

95 [. QCOX-65(2,0,0)
99 L Kocuria koreensis strain P31 (FJ607312)
99 - Acinetobacter baumannii ATCC 17978 (NR_074737)

99

| —
0.02

L @ HHQX-32(0;1;0)
1 @ HXOX-16(1;0;4)

99 | Pantoea agglomerans strain 48b/90 (FJ1756354)

Lactobacillales

Bacillales

Actinomycetales

Gammaproteobacteria

RGER A RIR Mega 4 #4119 Maximum Composite Likelihood #27! , &J 2 1J: (neighbor‘jdining) H 2 1 000 YA G 1M 1L ; [ iy 4 < @ "

IR AT AT IR SR T 1751, 355 N 508 20 3 R 1% i
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FAHER KW@ E ELEF 16S rRNA &
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Figure 4 Phylogenetic tree of bacterial 16S rRNA gene of Fen-Daqus
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