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Daqu bacteria in Linyi, Shandong Province and Zhoukou, Henan Province. MiSeq high-throughput sequencing technology
was used to analyze the bacterial community structure of medium-high temperature Daqu in the two regions, and the
potential functions of bacterial taxa were analyzed based on the clusters of orthologous groups of proteins (COG). The
result of o diversity showed that there were no significant differences in richness and diversity (P>0.05). Compared with
Daqu in Zhoukou area, at the phylum level, the average relative abundance of Actinobacteria and Bacteroidetes in Daqu in
Linyi area were significantly lower (P<0.05). At the genus level, the average relative abundance of Acinetobacter was
significantly higher (P<0.05), and the average relative abundance of Geobacter and Pantoea were significantly lower
(P<0.05). The result of linear discriminant analysis effect size (LEfSe) showed that Geobacter was a biomarker in Zhoukou
area Daqu, while the biomarker in Linyi area Daqu was not reflected at the genus level. The result of £ diversity showed
that there were obvious differences as a whole. The result showed that Daqu in Linyi area was significantly higher than
Daqu in Zhoukou area in transcription, amino acid and nucleoside transport and metabolic functions by phylogenetic

investigation of communities by reconstruction of unobserved states (PICRUSt) (P<0.05). Thus, there are obvious

20244 1 A

differences in bacterial community structure and gene function expression in the two regions.

Key words: region; medium-high temperature Daqu; bacterial diversity; high-throughput sequencing; gene function

VB b E T 37 o5 AR R B e 1Y N, Hew A
PRI L AR O BRI T 2 N4 2R RS2 8 T 7K
THPR B 22, WA FP AR R i AR A PR
ih 22 S i oot s s R o, Hedb, s o LA
BRI/ INZ ), 2805 T T B R E RN EESS, S i
MR R ERRRAE T3 P Ei S SR MiSeq
(R PR XA e R . AR . PUER AN X
WA PR R A E IRV G5 A T T 25058, &
PR AR ARG FR I 0 ZH PR s LA 2R AT B8 (Bacillus )
S 2, AESAPER I A A9 AR RS LA A B R (Ralsto-
nia) FIFLFT A & (Lactobacillus) 2 33 MA 555 2R
MiSeq &1l ST AR I ZREEY . Y2575 A1y
JV 28 BH b X e A B R A E BRI G A T T 22 5%
BEFE, & 3L AR ik By Rt v 4 B s DA BT [C B s
(Weissella) F1AR 4325 B SC B £} (unclassified Erwi-
niaceae) i, VLI R i P AU JE LUOBE U )S
(Saccharopolyspora) . Bacillus ¥l Weissella A 3, MU
JNAR B 4 T 8 LAASTEAT B 8 (Proteus) . Lactoba-
cillus Fl Weissella N 7F ; 5= 1 Z£16 2k A MiSeq =
38 RO 2 AR DO B | P TR T DX e A
K E R R S5 AT T 22 50058, RILE =R
PPN R AN 8 LA Weisslla R i iR T )& (The-
rmoactinomyces)y\?ji, TR AN )E L Bacillus
F Staphylococcus N7, HIA] UL, Ml ER B (1A H]
X RN S A Y I SRR E Wle— e 152 . R4
FeE RGBS X L AR I T AR e S T HL X, 2
BT 2B ARG 2N AW R W . HiEYT
LT LU ZR A4S 2R B 31, T B0, il X LA YT | PRyl
ety PO db. AR AR LU ER, SGRESE R, iR
i, JEIEAE ERVARET . T O A T AR,
B IR B, T XA VR | W] PR AR R v
WU RIK R, BE/K A AT, H IR SHRARTR R, R BE
TR IR ZE KA, e n] I, PSR
HH W 22 57, LR 22 500 2N HLZE AT, HoORBE IRA7EAE
—rEZES . DRI, X YT R ] 0 i DX He v VR A
ISP BEAT LR ST, AN AAT LU 58 N 53 %

2 A IX iR O I T i E M BT IR A T A T, O
T LAt — i s B 58 1 PR 38 R A5 o X R 4 o
R P A 5

VEAESke, B AE 2 — A e i PO 7 B AR g i
Jie, ARZ2 25 AT AR P2 AR A AT I |
O R YN Y BT ) AR, [RIHZ O )T
VZ I T A ATTAS [R) 8 28 1 90y P et oo B P I 3 4
REVR S s e tbia®. SEgmibEmEE a7
AR LG, 25 AR P EOR BAA Jods 3 3% . mnl . &
3 B PR NS5 SRAER G SO0 AL, AR, BRI RV
PUIMELIRE IR . FEERARMITAAEY), AT A2
N E S RGP E I RETR AN, SRR i Rth
A AR AN REPRAL TR T A

AWF5E KA llumina MiSeq 75538 H 0 3> 35 AR XF
I Y 1] 1 il DX e 28 3 o v I R Hh 20 B R 4 A4
AT OB ST, TR B 35 7 E & IR P AR 1 088 22 X
2 A X by IR 2 BV TR i DD RE 28 S R TR AT
LA Ay i o il £ 7 DX RT3 YR 42 P 4
PR S AP o
1 HRSHES
11 #HRIS{ER

ROl S ERAR A LR Im YT 22 R B
(E117°41'~118°18', N34°37'~35°06") A7l Fg 44" J& 11 i1
e H (E115°02'~115°37, N33°43'~34°05"), £ BEAL
BEH, R Rs e i o Ho, il U s X A il >R
A 13 44y, JE T HBIX R BAR SR AR 15 . il ok
HI TR VEALBRBEAS AN T« BEEGE R SEHE | i AN TEA 24
TSYER/ NS AR IR, AR K g A i
ARPEA AL, 30 ST UM AR KR BEATRERL, $ERHY
SR BRI LRIVE TR, 1 thER A= 57 RPA G
HEZBEA TR, P A RS 57 28~30 d, HhERIE IR 2 il
IR GP AR AR, il R BT F R, ih e 5
FEn, BTt b o A, WA E 3~6 S H .

QIAGEN DNeasy mericon Food Kit DNA Zt [
ZHERBGRF) & T5E QIAGEN /4 H]; 5xTransStart™
FastPfu Buffer. dNTPs Mix. FastPfu Fly DNA Pol-
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Jbat ezl YA BR A F]; 514 338F/
806R (1F [A] 5| ¥ JF* 4] 338F: 5°-ACTCCTACGGGAG
GCAGCA-3’; J2Ia]5 [#))¥%1 806R: 5°-GGACTACHV
GGGTWTCTAAT-3") HifgSRJe MR BRA
MiSeq /=il s F A EEG & E Hlumina 24 F] .

Veriti FAST PCR Y K[ ABI A F]; DYY-12
UKL dEROR—{4ER) s UVPCDS8000 HEJK A4
SHTERSE £ ProteinSimple 2\ 7l ND-2000C ffi:
EhMEEEIT 22 Nano Drop 23H]; PE300 MiSeq
FHE EFE G S5 Ilumina 22 7] R930 HLAESL
IR55#%  35E DELL 2\,
1.2 WAL
1.2.1 ZZHERZH DNA $2H0. PCR 9 3% 0 e i 4 )
J7 e BRG] i A 2 R b e iR R P A B Y
FLHZH DNA #1782 H, DU, {3 O ds
1ZH R AR % (barcode) FY 5[4 338F/806R XJ & DNA
Y 16S rRNA V3~V XA TP, IR R 5777k
Z: i GUO 2517 R T, Z BRI 4% 1) PCR 7=
WA g SE R AR Y B 2R A RS B S Ak 2
300 bp BRI T o
1.2.2 AEPHFEEZTHT  ABFFEFIH QIIME(v1.9.1)
T EBA TG B AT B SEEAE S X A A
0 =10 bp. #HZ XFENLHE < 0.2, barcode Fifi &5 L
A BUT N = 50 bp {4 JE VX 3 3% [ (14 XLt
JP AV HEAT PR BT R A 0 e U, (] PyNAST
HEATASUEITHEST P 210, #2 B 100% F1 97% FHALE
PEAT e 2 Xl 5346 5 53 24584 53 5T (operational taxo-
nomic units, OTU)!, {ti ] ChimeraSlayer ZXBE & A
AR OTUM, e Jm e AR R F 9 7E RDPMS,
Greengenes!"”! FlI SILV AP %4 )22 vp 3547 [R] PR 2 B
XF I L3 e A 5 THER AL S T Al TR SR Y
1 RIIFIEL . AR RS a ZRETEFEELG
FETF AN AE AL UniFrac B85 B 47 32 Ak R 447
2 DHEIX T I TR ZERERY B Z4E1E; SR A PICRUSt
(phylogenetic investigation of communities by recon-
struction of unobserved states ) 4= X ke plj H 41 B ik
PRIEREHAT I
1.3 BEALE

{d FHPA ST FEAS A AEZS 2 (Mann-Whitney ) K56
F 22 56 75 22 47 B (multivariate analysis of variance,
MANOVA) f# it 2 A~ M X AN B e 22 570 (A
R A (v4.1.3) 2 AR AR T PCoA UL A i JHTE
2k X w4 ( http://jvenn.toulouse.inra.fr/app/example.
html) %1 Venn [&; fii F Origin 2017 {42 HEFR
Ak B e 28 N (Chttp:/huttenhower.sph.
harvard.edu/galaxy/) 2=l LEfSe [&l; f#iJH STAMP %X
el Rt RE2E 7 1 o
2 ZERE5Hh
2.1 AMEXPEERA o SRS

FTEREE T HEOR, 28 Oy v E iR i LIRS

ymerase

1477414 45 5iE 16S rRNA KEPH T, BO0REFSF
¥y 52764 4%, SR FH 100% F1 97% AR{LUEE UEF7 5271 %l
43343 %] 9330 4~ OTU. # 1 #5850, KLY FIEC
FARTEEL . AT E U WL T A e i £ & FE
ZRENE, FEBOEE A SRR T B BN Ak
ASHIFSE B Sext 2 A H X s iR R I ) o ZREEDETT
TS, a5 aniE 1 s,

fEREER R | ERIEE P AR A
P=0.11 P=0.13 P=0.44 P=0.42
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Fig.1 Comparative analysis of a diversity in medium-high
temperature Daqu in two regions

8 115 BRI AR TR RO E S AR e B A
BRI 28010 5 F 9 HE 75

FH L T Al 2 A D s R S ke 1 48
Ao 2310 Fil 2625, -3 & 809 B B 5 ) R
1353 F 1611, “FEIFRIGEI N 5.35 Fi 5.68, ~F
I FRFEE 15 0.85 Fll 0.86, 42 Mann-Whitney
R 43 AT A2 3, 2 DHLX KRB REAE 4 1~ a 2414
B b2 R I AN 2 (P>0.05) .

22 AMUXAPESEAEREEEEE ST

LR Y LT A2 B, 2 Al X R e v R i 2 e
F| 40 T 1F0 904 ~J@, FHorh, il Ur b X ity 4 e %)
22 ANTTFN 522 4@, ] 1T 3 X Rl e 2 39 A4 TF1
797 & o AT AR RT T >1.0% AL ]
s SO T TS o T IAE AR 2 4>
Hb DX A R RO i A AR R e A 4 RN 1] 2 0TS .

FH & 2a AT, 2 A3 X b s R o i e 3 A
[ 44, 533 R RETE ] (Firmicutes ) . BT B[]
(Proteobacteria) . JitZE 4 ] (Actinobacteria) FHILLFT
B[] (Bacteroidetes ) o FEIGYTHFIE 13X I, Ac-
tinobacteria FIAHXTFE RS2 1.05% F1 4.38%,
Bacteroidetes 435"~ 0.81% Fi1 2.86%, £ Mann-Whi-
tney Kru& 0T A B 25 5 B3 (P<0.05) .

P 2b AT, 2 A3 Db g s ot RSP AR X
FERTF 1.0% WEA 61, 433 8 ZE # AT & JE
(Bacillus) . =R B & ( Thermoactinomyces) . 7~
B AT 18 & (Acinetobacter) . i % 52 Wi KR 1 8
(Kroppenstedtia) . WiFT & )8 ( Geobacter) FIiZ H &
(Pantoea) . TEImITAE O HbX I, Acinetobacter
P JA A X = BE 4351 2k 8.08% FiT 4.28%, Geobacter
Sr1°A 0.002% Fil 3.44%, Pantoea 435} 0.43% il
1.83%, & Mann-Whitney #5053 A 928 512 1 35
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(a) E ng:elzsssiﬁed ﬁri:ti:;’li’:s::ii: T AERA A Y, 1 AV Al A B PR S s
B Bacteroidetes B2 Firmicutes J N ARSI A S A A VE Y, 2 i XUR )

o TR 1 4 5 2 22— 5 0% B4 B  Brevundi-

90 monas) . HZEREE & (Staphylococcus ) 14T &

£ 85 (Chryseobacterium) 5 A1 J& 11 3 X il A9 (4 FIE 2240
2 80 B, AR IESM 1 1.50% ., 1.44% F 1.07%,
G {ELHAEITHL K K o B PR B 0.26%
65 0.18% A1 0.25%. ZHANG 2509 K H Staphylococcus

60 Z 57T 2,3-T A, HIHEACEHAE K i< sk

I v JAT REWImRAN H e e AT 2B Wi 2SR DR AN H i,

®) 3 Others B Kroppenstediia T AS T P A R4 S A B sl BT AR ) It kS Ak
W Unclassified  WEM Panotea SERT B I Brevundimonas ELAG F55m /K ey FIEE

B Stomiencers B enier FRINAE S, 6 R R R 57K S RIS A 1

SN Brevundimonas Thermoactinomyces EHIEAHSE . IRA ST TE Y, Thermoactinomyces .
%Z?;ZZ: robacillus B Bacillus Pantoea. Staphylococcus 1 Chryseobacterium 1+ K

o WU RIE i S T2 0, 22 B A I
90 e P REEAR A T i ARt AP A5 2 R P itk a] O,
S 2 A X R AR SRR R KT EAF(E ] 22 5, H.
$ 75 TE S5 SLBFST BB R 2R ] 1B B R 3 X Rt & ik

3% 2(5) R PR 00 2R SRR A 2

60 AFFEVE—H 5T LefSe Xt 2 NHuX HhEsiR ok

% I A AR AT T B, SR 3 k. T

e [ETE A s TR, (RO AR Y
Pl 2 T ) AR (b) K F A BAHBIX gl v 40 HITE 3 PR £E LDA BIfRATIT 0 4.0 B, 2 b
FEVE AR H X iR o il P I O AN AN S BEA A A B 25 R

Fig.2 Analysis of bacterial community composition in
medium-high temperature Daqu in two regions based on
phylum (a) and genus (b) levels

(P<0.05). A, ZHTICIRE (Weissella) R ZLAT
i & (Limosilactobacillus ) 7E J5 11 # X K it v 8 14
T FE AR 0.34% Fi1 0.04%, 1 HAE R O S 4m pa
JEAEIE YT A DXy A AR S BE S350 1.74% Fi
1.55%. AWFFEHRIE, 12 R & B e b Weissella
F Limosilactobacillus %5 FLIR b 094G HITE 30 8 & %
PO T RRMEIAIR, A B TR RS A A8 Y
1k, Horh Weissella 25T 2,3-T —EERIf ], fE it
TR AR BT B 82, BRI 41, ZLER AR

3 i .

(P<0.05), HoAp#A 2 45 3 40 1 A4 2 F1 1 45051
ERBFET T, M. H. BFE/KE L. FEBKF, Geoba-
cter TEJE I HB X gl H & 48, HH LT UL, Geobacter M)
V2R JE B b X R i P 08 2B b i s B KT, A
MBS A I YT X R s 4R, PRIl Y s X R th
A YIRS A JE KT AR BRI R
23 AMUXPESERAMEESTK f SHMED T
ST FIRSTHT B, 2 A X TR Al B IS
BHET R R DAPAE—E S, it —2E JH
His JR R 4540 55 [R], ARF9EAE OTU /KP4l
T Venn K| Ff3E T UniFrac I ESHEAT T FALARHT,
SERLNIE 4 PN

Deltaproteobacteria
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. Actinobacteria
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¥l 3 LDA ZEFH 54 E

Fig.3 LDA linear discriminant analysis diagram
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FH &l 4a AN, A7 HE155 T 9330 M4 OTU,
HrAr 2912 4~ OTU MGUTdees, 1212 4~ OTU NJE H
F5A, 5206 4~ OTU A 2 X IAE . ik rr oL, 2 4>
Hb X R IR EAT 45 L IURRA AU B IS, Rl iR &g 3k
HHIAERER . HIE 4b A0, FE% E4 OTU [F51
FEXT T EE BT AT I ARARSIITRT, S — TS
B RS A TTEE S 56.42%, 2 A~ HiL XA & TH]
BAFAE] W E SIS, (AR EA — 155 25t

(@)

I JAT
@ G @ JE G2 Iu )T 2253 T 7 250 5.81, 45 2R I FEE R T
(b) 0.15 7=5.81 P<0.001 99.99%; H Kl 4c 1A, FEALETE OTU H BB HFAE T
0.10 SURIFOUT $EAT E AR AT I, 1 U X Rt 437 T
é‘f 005 XA TE T 1#), JE M X R 2 X gy, 2 A4
w b DXARE S TRIAEAE I Sl 14 43 B A HA, 2225007 25 53T
5 0.00 T ZAH N 4.83, G5 AT 5 E KT 99.99%. H AT
g 005 UL, 2 ALK R A D AT TR R A ]
-0.10 B2
P T e 24 FMBRBEEAM AR ERIER

PCoA1 (40.59%) TEELES T 2 A-Hb DX rp s YR R i 4 e B B S A4 1
@ &7 @ JE O 2855, AT H R BRI B R DI R IR AT T 255745
© F=4.83 P<0.001 B, #5731 AL 2 PICRUSE #AF#EAT HL Xt e 1531 H.

025 A 2= TIRESERENIE] 5 Fos .
S m L 5 T, R T 1 I . 7 H X e
S 0.00 d \ A BERL R DO BEAEAR NI RE | #% ke . 2R % is
E‘é: w SRUHTIRE . — TR TI FNAZ R iz 5 AT
A~ —0.25 A8 I iy ik i 250 5 (P<0.05), FE 41 I N iZ f )
He. B, S5 E S, tHMBEEE . (555 Sl
O o0 o DT REANAE Bk PR R - (3 5 (R
PCoAl (16.91%) (P<0.05) . FEMILEY AT R, ZLIR B Y & K
E 4 B s iR ok M TP 4R 28R OTU 43 (a) T it RG] Sy AR AR SRR, 45 Gt b 4
T () FAEANFL (¢) UniFrac BEESH) PCoA 7347 J& W8S J sk, Weissella M1 Limosilactobacillus
Fig.4 OTU distribution of bacterial taxa (a) and PCoA analysis TEIE YT R IX St T A = BEEA>1.0%, TiEL7E &
based on weighted (b) and unweighted (c) UniFrac distance in 1 4 [ ] S H AR 2 B AR 0.4% ., 35 7T file

medium-high temperature Daqu in two regions
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