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Analysis of Microbial Community Diversity in Guizhou Suan Yu
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Abstract ; High - throughput sequencing was used to study the microbial diversity of suan yu which were sample from six
locations of southeastern Guizhou.The results showed that the microbial community of suan yu were complex and quite different
among samples.The content indexes showed significant difference also in the lactic acid, protein and fat.The pH of suan yu from
Jianhe was highest, the content of lactic of Tianzhu suan yu was dozens of times as much as others.Analysis of microbial
community structure of suan yu showed that, the predominant bacteria and fungi of suan yu in six counties were Firmicutes and
Ascomycota at the phylum level At the genus level, Lactobacillus was the predominant bacteria of suan yu for Jianhe county,
Rongjiang county, Tianzhu county, Congjiang county and Tetragenococcus was the predominant bacteria of suan yu for Jinping
county and Liping county.At the genus level , the predominant fungi of suan yu in Jianhe county, Jinping county, Liping county,
Rongjiang county, Congjiang county was Zygosaccharomyces and the predominant fungi in Tianzhu county was Kazachstania.The
Heatmap of microbial community revealed that the dominant bacteria and fungi of suan yu in Jianhe, Jinping, Liping and
Rongjiang were most similar in composition. Canonical conespondence analysis indicated that lactic acid might be the most
important factor influencing the dominant bacterial and fungal community.The results of this study have provided a theoretical
basis for the industrialization of traditional fermented fish in Guizhou.
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MBS ARE DB RIERENHLX, ]
SR T SE R T RO G R ) E AR R Y 7 200k
0 Al PR B A R, DRI R A U 0 AR 7 R A O S
e JBE T B SR R SOk . BRI
1 R PE A g 0 R S s DI B, A — s & 4 I )
2~3 d, R R K S35 I, BRI BORE K FE AR,
TLAHY I AR 2N R GRS R, I8 T AT K Ok
PR 25, 0 E T B BURE S AL B AR R BT .
AL EL AR R L T M AR AR R
W% , T LA A ) b 3 1) 57 5 7 ALK B 1 /8% 55 6 W 4 v
FARSRAFAE 22 57, X S A A A 56, A
e, B SRR B ) A 2T S TR SIS B i Y 2L A XUBR |
O BT RS AR o ALK TR AE A I AR
A AT LR A TR BT L, XF e T i 1 A A e
AR IR B A AR R DT ik 2 25 BR AR LA
AR5 04 g D7 028 43 % B8 7, X 3 R RN 3% R 1 T i
FLAT BB . SR, A A W AR T BE e
AETEAERE FEWT, an ) BREE L v B0 LGB L HEBR A
A 50 A BUB R R AR e L I, T R R
P B i R A ) T i 8 A X R T D T 5 B R I
SRR

AR, BEAE 43 T A 2 HOR 1 & e, vy i 5 1
J3 51 TE I SRy G 100 S T ) ol T 2 0 T s &8 A S T B
BRI T H ., BT 16S rDNA FERFE LK 1S E AR, 40
AP A B B R L vk DGGE T i, B K6 B BE i H, UK
TGGE &2 ] Z T AE YRR S5 T o vh iz
L PRI 2H ) )5 B ARAE Sy H T 40 B B A FE AR R
ZREVER TR TS AT R L A, AN T
Pt U 3K R R SRR SR W R
HAREIRN . BT, E P9 ST il 5 FsT 2
A TR A I TR S ) 2 REVE B R S TR
T R S5 B S i 0 g BAL R AR AT R
P ok v A ) e P A A A5 T, ok T b R 2 S
it A M 0 Z AR PERT ST R R ILARAE . AR TFFEK
SRAETE S B AT AY 6 Bk (=il fa) 4
ZZr B i £ g kR 5y, SR A Tllunina MiSeq 25 38 12 1]
-4 S K 16S tDNA V, ~V, X B ITS1 X
BEATINT , B A6 T M 53 P 25 AR T Hb XG0 19 30 A
R 2R, WA 25 Hh 7 JiE f8 i DBV IRTRYE , S IR 01
B 5 B A I R A B AR
1 #MRl5HE
1.1 M5

fffn ol [ SN A B AR M 6 A E Uk o 5
B il i ; DNA $li #2157 & ( FastDNA ®  Spin Kit for
Soil) £ MP Biomedicals 2\ & ; ¥4t )8 ¥ ( biowest
agArose) PHPLEZ Biowest 4\ F]; FastPfu Polymerase Ho
TransGen 2\ #]; AxyPrep DNA Gel Extraction Kit
ZE[H Axygen 23 ] 5 P 5T
& (MiSeq Reagent Kit v3) ZE[E Ilumina 23 H]

STARTER 3100 pH it SE[E BTk ( 1)
ABRA A ;5424 R RIS G R H & oL &
Eppendorf 4) 7] ; BioTek EL x 800 ZUfiff fri 3£
Biotek 2\ &) ; Quantus™ Fluorometer {3125 611 2&[H

120 0215 %05m

( Axygen Biosciences )

TR

Promega 2y &) ;DYY—-6C BUHL KA dbat i /s—AE#s
J7;QL-901 RUfEIRIE-G#F  h EE ] H AR DR
38 A R 2y 7] 5 ABI GeneAmp ® PCR {¥ 3£ [E ABI
48] 3 Mlumina Miseq {)FAY Z& FE lumina 23 7]
1.2 EWHE

1.2.1  fEfaihlfE SRl H X R A AH W] A% B 0 i 7E iR
o TAL IR . fE 3 P MIEE (GE— K ) RSk 5288, 5
JE, AT FB 0, FH T 2K I8 DR B A 104 P IE A R ., Wi
Tsh ] R R SRR, In Ao B FE i 8% ~12%
MR, O 30 T 3% B2 Yk b & &L, Wil 24 ~48 h;
c IR G I A 10 25 AR R R, DABR 2383 K
g1 Aol Ao BRI R i ROK B /N B LR
AR SE PR R (G — W SE) R IR ST, IR
iR NGRS 1 B VT = S = -2 3 5k I 1
IKE IR AT s e R WE : FE RS IR P R B 50~60 d, F
2018 4 8 F] 13~18 5347, 3T 2018 4 10 ] 8~14
TORAE . SRR X IR 3 03 I e i 43 ) 2
A TG 2 48 s i Pl 20w =, S B prid
S ALERBEEARIC SN B, B EARIE N C AT EARID
R D, RKAEESRCH E, NLEPRICH Fo

1.2.2 HALFEFR I E Tk KA milE : kA
GB 5009.3-2010« £ & HH 7K 43 i I 58 ) 7 v I e, A
EH EI 5.0 g fakf, & T 105 C R4t 4 h, HE
TR, /K38 DL R F ok i pH B9 0 52 < M A 5 358
B 10.0 g fRERITES BEE , U 90 mL ZE{R K, LA
12000 1/min A% 1 min, SR JHER FE 0 5 ; 25
P BT R« PO 3R ER 2.0 o £ AR i BE , SR
GB 5009.5-2016 & 85 BT a9 T 2 ) Hh 9 EIL G &
Ak, FAEE 6.25 S5 HUAR 0T & & MR s I <2
MAAEES_EHC 4.0 g faRETES l BE , 2R F GB5009.6 -
2016 B i B B 2 ) J7 v I 2 5 ZLER I 2 : DA A
JEFS FHL 10.0 g AL B8 Bl BE , SRl GB5009.157 —
2019 & A AL ie 0 R ) T i R

1.2.3  DNA #1251 PCR ¥ ¥ 8 g fiivfa (A fiE#5)
FEF BT EEE A 10 mL U8 RAF7E-80 °C, WfiiEfa
ek iR E AW ERMH AR\, R SE
MP Biomedicals 2% ] DNA #2575 & H2 B A= 9
V% 5 DNA | B vk 42 R 500 o9 06 B 5 e A7 5
VE , B 5 X s fo B 5 %) 40 B A0 B RE S X B A AT
PCR ¥ #% ., {# A 338F (5'— ACTCCTACGGGAGGCA
GCAG-3") 1 806R (5'- GGACTACHVGGGTWTCTAAT
—3") %} 16S rRNA [ V, ~V, 7] 28 X #1F PCR $~
B ITS1 X P95 4 R ITSIF (5'— CTTGGTCATTTAG
AGGAAGTAA — 3') F1 ITS2 (5" — GCTGCGTTCTT
CATCGATGC-3") "™, M FEFE T : 95 °C il A8 1
3 min,95 °C 28 M 30 s,55 C 3Bk 30 s,72 °C #EAff
45 5,72 CHE LA 10 min, i J57F 4 CHATLRAF
PCR WA Z& A .5 x FastPfu Buffer 4 pl,2.5 mmol/L
dNTPs 2 pL, FUFAITFIES 9 (5 pmol/L) % 0.8 pL,
FastPfu DNA I & fi# (2.5 U/pL) 0.4 plL, BSA
(0.8 pg/pL)0.2 pL, 4K DNA 10 ng, T /K4 EE
20 pL, BNFEA3 ANEE .

1.2.4  SCPZERYEEAN EALINY  PCR ™9 FH Bl Wil ik



@ézﬂﬂh‘il

T :oR Vol.42,No0.05,2021
#1 Etany o
Table 1 The chemical analysis of suan yu

i H A B C D E F
pH 6.36 +0.02° 5.42 +0.01° 5.74 £0.03" 5.04 £0.02° 6.34 £0.02° 5.45 £0.03°
KAEE(% JBH) 49222031° 544520.70" 51.65+0.62°  49.13 £0.40° 58.7 £0.94° 52.89 +0.37°
NeWi o (%, T3) 235 +0.00 3.98 +0.00° 5.34 £0.02° 4.82 £0.03" 1.76 £0.01° 5.17 £0.03"
WA (% , T-52) 83.72 +0.00°  82.83 +0.00®  79.44 +0.01°  81.88 £0.00°  81.23 +0.00"°  80.17 £0.00°
EPR(% , T4 12.83 +0.04° 11.95 +0.02° 14.61 £0.16" 12.18 +0.08" 16.24 +0.07° 14.25 £0.13"

FLHR (mg/kg) 7135 091" 12267 +1.15°  71.82 +1.38" 71.62 £0.74"  2029.03 £9.05" 1477.84 +1.44"

T TR RUING 70 722 5 B (P <0.05) .
Ji5 HL R ARSI, R R 2 B3R & BT, IFFF PCR 7=
Y DNA 580 = RELHATR I E B . il Rapid
DNA-Seq Kit #4718 ZE, JfF lumina 2\ 7] 14 Miseq
P E AT ARSI P, ZH6 iR H A EZ
B A BRA A 58 o
1.3 HiE4biE

W 745 R AE 535 A A 1Y 1-sanger 2E W5 H = F
B EREFT Mo R IHE f A W ECHE SR T Usearch #7F
T 97% 19 A3 B B 7K °F F #F 17 OTU ( Operational
taxonomic unit) BZE50Hr, A QIIME 44X} OTU 3
AT REEFE B M. ] Trimmomatic K47 5 46 1)
JFIF AT, ] FLASH P47 P 4%, AR I8
97 % 1) AHARLBE XF 7 4 AT OTU 3R 2 I B B #x &
Y, 16 S AN B Silva B 22, ITS B B i
Unite A9 ELRBOIE ZE2EA T HEXH T
2 HR5HH
21 EaEmELIHw

e 1 fios , AR i AR S i pH 28 5.04~6.36,
X JE T R B AR R AR R R K ARG T A
AHLIR, FLIR . LR AR pH E H BNy 2 P B
Vod S (DR N - A S [ : R S R ]S 7 N
W] S W M A0 5 iy B pH JE I TE 4.30~6.20, JHE £A AF: il
E 19FLRR & & 2029.03 me/kg, MEAFE AL F Y FLIR
TrEEh 1477.84 mg/ kg, AN W] i A S ZLIR 5 4 0 22
S, TT BRI A 4 M A Tt R 3 L, (45 R Wi AR vh
LR (0 4 1 50 4 5, AT = e A ) 1 7
R o W EERE T A B T BETE 11.95% ~16.24% 2
[a], g Wi & & 1.76% ~5.34% , JK 4y 1E 79.44% ~
83.72% o K5y EIRFE A K IR0 2577 L AR e 1Y) 222
HFEZ—, A rE K& B 50% £ 45, Zeng
A RIF ST B A0 K Sy B B2 N 55% , HLBESE R W
i EE A i v oK S5 B am (IR T BE S B T A T B K AR
Jiee w1 e R i ) o
22 PEMEENSHESH

Jif £ AR 08 Z2 R MR AT DLGE A S BT B AR AR
NI a— Z2 A8 PR PRAN T8 2R B W b i) =32 5 BE 224
PE, 6 PFEASHY Shannon 3545 .Chao $8%4 . Simpson 15
%4 . Coverage | ¥ IR BEFR B G 1T o Hrati R W3k 2.
Shannon $5 80U Y ¥& 4346 Z2 #1445 %L, Shannon 35 %%
B, VAT AE Y Z2 e S . Chao F8 202 Chao
BERANTHREAS T T OTU 5 H M85, 7 >k Sk
MU Y HE S F 5 B2 . Simpson $5 50 ft FEA £

FEPEAE O, HOBO(H R R, U I B 9% 2 R P A,
Coverage 5 %UT >k e WORE 5L i A= M B s 4 72 BE , HLEK
A1 s DUV RE AR F R 271 e 0 S g M e e O

FH 2 2 AT, XF 6 A s A0 s 1 A B8 B 7 364 T
JF53 BT, A TR M B 1) Coverage W 7 I B $i5 B34 K
T 99.9% , = BH I )3 IR B fie 7 = W £0 A o o 1 IR
SrET . DN 6 A1 Ty A% Gt & g i £ v e e e F) 111
AU B TR A 65 LB B R . Bl TR S
Shannon $§ %4 F1 Chao 54 & 8, A |E | F Jifx £ ¢ 5 41
B 1 Shannon $5 %75 %) 1.88 .1.94 F1 1.94, il A E
N F FEAS T 2 BB Z FEMEAEXT B .C A1 D 05 3
A B I F FEAOAE T AU AH B Chao 8 Z0AHXT T HiAth
AR EEIRZ, ULEH A B A1 F AR P AR )
FhEREEE A RS AE D F B4 Simpson $5 405
/AN, UREH A E FTF 4B ) 2 REE R e, X S HAE
A E FII F 4 Shannon 38 %475 i Y g5 15 HAT — 2k,
274 Chao $5 %X . Shannon $8 {1 Simpson 15 %% , 1] 15
HHEREAS A T F R 4B B 224 M B = )3 e HL A,
P, RIG yaT B A VT B S fa 1) 4 B B V% 22 AR R
B = BER HABAE 5 i o

B.D I F i 04 5 B A 1) Shannon $5 ¥ 3k 3
1.43 .1.56 F10 1.46 , i8] B.D I F BEAR P EBE VK £
FEPEAEXT A (C 1 E HE S F5;C.D FF IEAFE 5
ELE 1Y Chao #5%4i5 5] 67.57 .83.00 Fl1 64.17 , 0] C
D F1 F AR rh LD AR W R T2 B s AR C
D 1 F (¥ .14 Simpson $§ #0452 /N, U6BH C.D F1 F #f
i Y L TR B 9% 45 S A% . 2745 Chao 45 %L | Shannon
F8 RN Simpson $8%%, 715 H i faAE A< D 1 F ) EL A
TEvs A M = B B HAASE 6 v, RDAS VR0 VL Y
JifE £ BC DR R 2 FE P B T BB AR S s . 2R G A
TR S LA W 22 AR P S T B, R N A0 AR B F OB 2R
PR K T BT T A T B R S 4, BNV EL i A i
EA S CYSE ST =
2.3 WEMBEELEHSH
2.3.1 MR B LR AT TR A . i farp
AU FET TR AR g5 R I 1 (A) o, He3Rk45 3
ATIKE A B, B R BETE ] (Firmicutes ) | 3 3 1 [7]
( Cyanobacteria) Fl1 2% 2 B [ ] ( Proteobacteria ) LA M H:
Al ( Others ) AHXT == 5 %8 /N i) 1T 40 B 4 ol G v JEE B
B[] ( Firmicutes ) | % 3 B | ] ( Cyanobacteria ) 1745 JE
B ] ( Proteobacteria) J2& 6 ™ J7 ifs i) 2L H 19
Y], Zang 257 HF 5T 3 W A BRI €0 1] K SF- 59 400
WA JERE ] EE R o ] TR T ] T R ]
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Table 2 The analysis of alpha diversity estimators of bacteria and fungi

B g Shannon 5%k Chao 5%k Simpson F5 %4 Coverage 550 (% )
EIIES) HA EIIE) HAE EIIE) FLIH 4B FLH
A 1.88 0.88 120.17 43.50 0.26 0.52 99.95 99.98

B 1.62 1.43 165.00 24.00 0.41 0.35 99.99 100

C 0.80 1.35 67.14 67.57 0.63 0.31 99.96 100

D 1.47 1.56 92.33 83.00 0.36 0.33 99.95 100

E 1.94 0.84 63.00 44.00 0.23 0.65 99.98 100
F 1.94 1.46 115.00 64.17 0.27 0.29 99.95 99.98

FRFF BT, Wang 25" BF g R W, 761 1K F |, J&
RE TR ) ANAS T B 7] 2 0 508 % 1 100 ) 32 22 4 R, 9
WL R SR T 45 R B A AR, 6 AHh 7 i
PR JER R BRI T R AEDOT =2 B e iy, B9 7E 80% L) I, S
FIPCIAH B, 3X P BE S SR BE TR T A 19 L AT BRI L
BRIA R ZEON IR A, R 7~ 2 B AE R BR MR T
AT DR S A S P R . WE PR T,
HAHXT FEETE 1.43% ~17.42% , 5307 A] e IR T A& 19
i £ g JEORE oy Al B e gk R L AR B T
( Proteobacteria ) 14— 4341 B A U588, AS BE A W I
10 % TR ok B v sl S L PP R L I Y BB, TR T o R R
e MITHIZKE L i, 25 Hb T e a6 % 40 b8 i) Fl 25

AN BE 28 AR
100 % e
801 |- 4 I o5 I 5
- X e o Lol kvl E4Proteobacteria
NS e e e 5 +'s|  [+1+ B& Cyanobacteria
f&(’ 604 [*.* b i ¥ a¥ +.*| [ Firmicutes
L B BB B e
' oa0] [ [ 19 e
5 0 5 N 4 2 55
20f B[R R ) B s
0 e ‘ <:< ‘ ‘:. ‘ ;:. ‘ ‘:. ‘ 4.:< I
A B C D E F
FE b
1007 ' —
s B
80 ' 1|
,o\? i [T Basidiomycota
\:(' 60 [F-]Ascomycota
k A others
i
= 40
=
20
0 L T e e
A B C D E F
Kb
K1 it A e (A) FIECE (B) 7ET K FBORE 7 2 Al
Fig.1 Composition of bacteria( A)and fungi(B)

in suan yu at the phylum level

S ) b 7 JHE £0 T BLERAE 1 K ST 109 4 A 45 SR 4
K 1(B) s, 72T 1K b, BB i Fh 23S R v fn =k
JEAFTEM 22 /N, TR B PR B B o T3
[T(Ascomycota) . 3% & [ ] 7E 25 M €4 458 5 v A9 4H
Sof = BE SR s, YITE 85% LA I, R ] 2 i A ]
i T R B AR, U B L i £ % R O R AR
Mo Zang 2" HESE R, T #EH ] (Ascomycota ) 7E
I 22 B 7R 5 A O 0 A Wi R A 2 I A0 Y TR AR AR

122 021 m05m

H o 2 X T A, = I TN b i R R LR S
SR UL, JHE £ B4 A TR AT EL TR R ) 7K SF B Z2 PR AR

Xt 18] B
232 P ansE R B AAER K ERE RN FEJR K

S I AN T b T 1 I fA T S A B A b 2 2 AR T
BEAATER R 22 5. B 2(A) ha T FER S
TP 10 PR AU TR, X TAEdh ADE F1 F 1l &, ZLAT I
( Lactobacillus) J&= E W H &, FE 4535~ 76.15% .
75.15% 75.18% Fl1 50.34% , Zeng 2= K Py, 214 1 =
FAEAS [FI R £ A S R TR AR T B R R AR, BB
TER BRI EAZ WG, ks R iR, i
1 22 B LR PR A T A o) o o i R R, AN
FKFNFE 7 2 FnZE E & A0 plaasom™ 21 T 7E A
il 5 AT R PR AR B R R R OK A S W S
FrAE R FLER 0 pH RRAR, B2 2 T, DA THT 40 1 2% B
FoAE K RS BRI C R A A T i DO B BR
( Tetracoccus) , FJE43 51 61.1% F177.26% ., PUERER
B R I S Y RN I i R,
BEnT UL AN TH] Ml 7 ) e A 0 A 3 A TR A 2 5%, X 1T BE
S F T 0 {5 T 0% TR AR ORE B R 5T 09 2H AN W) 5
A1 o ZFIEFTEE ( Bacillus ) AT TR ( Enterobacter) | Jv
BRE ( Pediococcus ) . 3L BR 1 ( Lactococcus ) . 173 R B
( Enterococcus ) FH A — 3 5 M 5 25 7] 1) B B L0l AR
Wy, BT BN 10% o 38 SCHERHRE , 28 Mo AT
(Bacillus ) 7€ ¥ FEHE YN AR & & B2 v 9t 7= A5 19 S Pl
TR | 2 2k T8 P B 28 o 52 2% XUBR i T il L Ay 3 AR
P Cai 2P BFSE R, AT B m AL B s nT
AESEILIR] 7 1R, 36 2% 5 B0 T ) vl TR R 1 JgR 58 Hi o
AR AE M A I BR T e, 1 BR A8 T3
ey SR DLSE R SR A N O R PR R L T AR Al
2P0 o) At s B BT, VT AR S R Y R
FIP L BRI, — 23R 8 R A BR B P 0 asal esp | hyl
F gelE JEPIHAT —5E IBURPES o A, %5 17 BR 3
JE IR B — i, 5540, B ER B A7 7E
JE AR 7 B BT AT S, i 7 7R DAJE 59 5258 om
DR a1 SO N o o O 7 = | 1 = S 3 B = S N i = 5
I VL L JHE A0 PR 35 2 7 2 FL AR B ( Lacrobacillus ) , 5
5 AN ZL S it A8 0 G H 4l 1 2 DU BR BR B ( Tetracoccus) o
mE 2(B) s, X FMiAarERS AB.C.D FI F
& , G BER: (Zygosaccharomyces ) S B 1 EL A 14
JELBRT RS F AN, FE I TE 87.83% LU I, ke
it B ISR AR 2 BRI B ( Kazachstania ) , 32 BE 3k
79.61% . %% ¥& H0 J& ( Alternaria ) | Jg 55 I W3 % £
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Fig2 Composition of bacteria( A)and fungi(B)

in suan yu at the genus level

( Wickerhamomyces) . T 1, F] E< B £ ( Debaryomyces ) .
22 1% &) ( Candida ) (Bt J] B )& ( Fusarium) | 7% %5 18
J& ( Gibberella) AEALIELEJE ( Sterigmatomyces ) A1 2=,
5S¢ BEIR I B ( Meyerozyma ) 45 FJEHSAE 1% o b
BB V2 AR S DR R, X & B2 RUBR |
o T A H B AVEHD . PRAET pEgE R,
TEAGGEHT A 1 5 & BT B, B v 22 R B nd >kt
T RT3 3 B 1 ey B T e K A T B i 1,
M5 W B ( Zygosaccharomyces ) HOAR BEAF I , iX 3 B
e W B SR — T e T e (0 R B T o TR I B R R
AR EEWIIREE AR, AR KBRS, &7 &
B Zang ARG A B, 822 18 B ( Candida) S
R o W = 8 JE i Ot i Bk, R vE DU A BE B
( Wickerhamomyces ) J2[FE f0 & 19 DU 5] J 19 D0 35 T8 Bk
B 22 T 1 70 Jal 5 VLI B ( Wickerhamomiyces ) J2= i £
KRR FZEO R . AR 22 T B8 i) 2 B 18 =2 451K
R AR HH A IR 7 A B 2 i KU R il A
VR 7 AR 7K i g 330 AT V8 ol Ak i e T, TRtk R 2 %K
A ML A 2 FE R i & i 5 A IR A SETY S Hk ] L
FHERT , 78 R T2 f S T 1 TR O 34 B ik, EL X 7 o b
HEERFEMEM . WEAKF kA, QI B 4
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Fig.3 The community heatmap of bacteria( A)

and fungi(B)in suan yu at the genus level
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