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RNA/DNA {4, RiEFEY THRARL
A ;OMEGA DNA isolation kit, 32 OMEGA 2
A ;5XTBE LUK 2% vl K (Tris 8 54 ¢ B2 27.5 ¢
Na,EDTA-2H,0 3.72 g, €% 1 L,pH 8.0) .1.0%35%
RHEEERS (1.0 g BAIRHEA T 100 mL 0.5xTBE 2%
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PR ), KL A 3K R A ] ;DL2000 DNA
Marker, % H BEAEY)H AR AR A KAPA HiFi
HotStartReadyMix PCR Kit,KAPA /A ] ;PacBio
SMRTbellTM Template Prep Kit 1.0 DNA/Poly-
merase Binding Kit P6 V2 DNA Sequencing Kit
4.0 V2,Life Technologies 23],

Eppendorf 5810R 52U # & FR B0 HL, 12
Eppendorf /A 7] ;DYY-12 HLIKAL, dbaiss—A4
I UPV B ISAZ Ht Z 40, AL S AL BHE A
BRS T o 5840 20 66 B2 3T NanoDrop /A A
ProFlexTMPCR 1, 3€[E AppliedBiosystems 2 ] ;
Pacifico SMRT RS 11 Il /¥ % &, 3% [ Pacific
Bioseciences 2\ i
1.2 RIEH*

1.2.1 FERCRAE FEACR BT R AL B v L IX
IR IR (2 80°08'~81°30", b4 43°09'~43°
15") R 5o i B (7R 28 73926 ~76°43" , b4 37°41
~39°29"), 3k 19 ke R B4 11 4y, fif 5
W 8 4y o TR —RAF R oR AR i Eh Wt R AR R Eh 05
HARFER W 1, WU P51 30 mL & 5 45
SR B % 50 mL R RECRAEE T, A 10
mL DNA R, 18215 I AR H# R 7R 1 min,
B TR (2~8 C) R FE4E iz 1] 5256 %, -80 CIR
A H

122 ZEAEHNARR i/ OMEGA DNA isola-
tion kit 2 7 & 42 I fE B 47 R R H WA S b s AR
Yot 2 B R A, B HRAE 2 IR & b i B
R 5 A0 3 Y6 G BE A 50 DNA (¥R B R ali i
PR OD sgou/ OD sy TELAE 1.8~2.0 JFT ¢ B KT 20
ng/wL ) DNA, F-20°CAR R~ AF .

123 FLww &N AP ] KAPA HiFi
HotStartReadyMix PCR Kit, DA A 52 56 % % i 3 1F
fli &5 ) LAB #¢ S M 51 % (1E 51 % 15F
GCTCAGGAYGAACGCYGG, = [f 5 ¥ 687R
CACCGCTACACATGRADTTC) Ky 4 4 51 4, %+ #.
218 DNA #£47 PCR 974 . ROVIER . EmH 51
(10 pmol/L) 1.5 wL, & 17 5% (10 wmol/L)1.5 pL,
LR DNA (<100 ng)1.5 pL,KAPA Mix 25 pl,
ddH,0 #h /& % 50 WL, K0 R ¥ .95 CHl4E 1 3
min, 98 CZE 1 20 5,60 CiR k 15 5,72 ‘CHEfif 30
5,26 MG ;72 CR Ui LEAH 2 min, FH 1.0% 550

HE I HL Pk 45 4 2 000 bp A9 DNA Mark i fli PCR
PRI B R HE R T REBR R Uk H
b 25U WY PCR =¥y ik AT 2lifk, 2lifk =9 T
—20 CHmE .

124 Pacbio SMRT I 7 {i i Pacific Bio-
sciences SMRTbellTM Template Prep Kit 1.0, %f
Al AL 5 A Y B (2 pg) B9 PCR =904 S0
fii F§ DNA/Polymerase Binding Kit P6 V2 DNA
Sequencing Kit 4.0 V2 S5 FALIFE . #PE I
PLA BAR A E S B AR LA B TR

12,5 Zodls T ALK oy
ciences 2~ A $& it 1Y i 55 °F 7 (smrtanalysis_2.3.0.
140936.p5.167094) , iz H RS_ReadsOfInsert.1 X} 5¢
JSCI P B 7 91 AT B4 B4 450 < B/ M PR U ER
5 U d /N TUIORS B EE R 90, Fe /N A 81K
&R 550 bp , B K7 FIHK FE R 950 bpl, 4 19 3
s T P 45 2R (LB B0 ) 1 4% 52 MG-RAST (5 H
%5 :mgp96186) .

& B QUIME (v1.9.1) F &5 X i 4% J5 19 )5 3 iF
M5 B #5012 F PyNAST % 5 51147 e
XFRHESS , LA 97 % FAAH AL I8 1 40 73 #3473 25 B
JG (Operational taxonomic units, OTU), PEH— 5%
FEAUAE R OTU BYARRAE 7 91 FE A7 ] P L X
B A e 2 A . 1T e 90 [ 5L LT 1) R A
J£ 4 RDP (Ribosomal database project) Green-
genes(V13.8)Fl Silva V128, 34 3 MEIEIE M
PR Pk )E T HAREE W OTU, # 4 Hix O-
TU WJF 3 e A AT LA e OTU Xl 43, 432K
AL 19 B B A TR

454 PyNAST, ffi il FastTree #4# OTU 143
PP R G R E R, TR AR R Chaol 54K,
o % 2% 45 Z0 (Simpson  index ) |, #F 4 35 X (Shannon
index) . & 39 Ff £ (Observed_species ) , 45 & #) Ff
B IPAGTRE AR AR
12,6 Hudlahb 2 80800 i g8 120 i Al #E 4k
T R IEF (v4.0.2) F1 Origin(v9.7.5.184) ,

i# 1 Pacific Biose-

2 #R5WR
21 HSHOMABRIMPIEBEN « SHKE

Xt 19 173 B fi 10 LR BT 3 A1 20 0 T e 245 S ok
i Ja, 8 M QUME F & #4715 B 25
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Br o Her, QUIME - 5 35 19 3 3 AR 1 X0HCK,
WRE i 180 22 R AR Ry o A SO PP 45 2R 18 3 3 AR A
Rt e SR H Bz ok, RA B TRGE,
FIRF-5 10 (CUL P 1), 356 0 e 2 A ) 2 40 A

g;‘ko

PARE it 28500 2 0 AR, 0 o 22 REPE i Bk
17 mann—whitney ‘b & MR8, 45 R WoR L B S0
Bl 1 b R A A R 2 (P<0.005) & TR
LA i, 5 KR S e B 4 MR ) A R 2

FEPE B BT 45 2R — 2
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Fig.1 Simpson index of lactic acid bacteria gene

sequencing results

1 HEONMRINERFERRIAREN « ZHS

The information and alpha diversity of lactic acid bacteria of fresh mare milk and Koumiss

# 5 % ) KA EIMMA R ARIEH Chao | 34 FEAEa
S1 B I HREHATRNAS S K 85.87 3.16 164.20 0.76
S2 A up] IR AT RIAAS 4K 84.95 2.65 184.12 0.69
S3 B 1 HREYHATRINAS | R 63.30 2.85 104.79 0.72
S4 g HRADACRERAL TN 81.19 2.67 153.43 0.72
ss B I HipmAaErL s LYE 4R 83.04 3.14 156.37 0.77
S6 B 445 HBBAREFPEIHLYE 2R 116.49 4.20 194.58 0.90
s7 B 1 HBBAREFPESHLHE 2R 24.48 0.76 51.68 0.77
S8 B 1 4 HRBAREFRISHLHE 2R 108.00 4.04 189.67 0.89
S9 g HpmAaErL s LyE 1R 76.94 2.89 134.29 0.72
S10 B Ldm WEBRAELIHF LI H LR 65.67 1.17 11235 0.26
S11 5 HBBHELERELSIRZR 59.10 1.58 109.48 0.40
X1 8¢ I 5y HREYAFTRINAS 5K 99.85 3.68 211.66 0.84
X2 & 1y 4oy HREDATRITNAS 4R 129.82 4.34 255.54 0.90
X3 8¢ 2 5 HREDATRTNAS 1 R 145.62 4.29 229.38 0.88
X4 8¢ I 4y HREYACRERALTHY 151.05 5.14 326.66 0.94
X5 8¢ 2 4 HBBAREFRSHLHE 4R 140.09 5.08 276.34 0.94
X6 8¢ 2 45 HRBARAEFEIHLHE 2R 99.34 3.71 166.99 0.81
X7 8 I 5y HpmAaErAL s ALy 1R 145.83 4.93 237.66 0.92
X8 6 2 45y WEBARELIHF LI H LR 90.80 4.82 143.26 0.94

22 HOUYMBRDMPABREEHEN

FF OTU 1 B 45 5 X B i 1 2L R o oA i 4
BTG BT o EIR K 19 AN FE S E RS 7
A ERRT 0.1% 0 7L R W& T & | AEFE 5L P i o A
WE 2, BAh, S LAFN EE (Lactobacillus ,
84.87%) FLER T J& (Lactococcus ,9.81% ) S i BR 14

J& (Streptococcus ,5.10% ) ML & ; & 5 105 DL ZLAF
W& (Lactobacillus ,48.38%) . HEER R J& (Strepto-
coccus ,21.07% ) . #i %j Bk W& J& (Staphylococcus ,
12.77%) FLIR & & (Lactococcus ,10.04%) | J #K T
J& (Enterococcus ,5.35% ) BT R )& (Weissella,

1.27%) R #E .
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Fig.2 The composition of lactic acid bacteria in Koumiss and fresh mare milk
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Fig.3 The composition of lactic acid bacteria in Koumiss and fresh mare milk in species level

TEMKAE b 19 A4 il 2e i B 3] 109 3Lk
TP, b AR 5 B R T 19% 19 LR T o R
BAEM A A 3 R o FERR H W R
2 52 IR AN, o, F L LA R (Lacto-
bacillus helveticus ,61.77% ) . = ZL W £ 3L 4T &
(Lactobacillus kefiranofaciens ,14.91% ) . 3L & 7L Bk
® (Lactococcus lactis ,9.76%) 15 [CFLFTF & (Lacto-
bacillus delbrueckii ,4.13%) W& 5% BR 1A (Strepto-
coccus thermophilus ,3.76%) . & I3 B2 W4 LT
(Lactobacillus kefiri,2.15% ) K Hi FL¥F B (Lacto-

X2 X3 X4 X5 X6 X7

bacillus pontis,1.06%) 5§ 7 A~ b6 Fh b R 55 405 (4 £
PR R A, RS R AR R R 103 S FLR
PR R e Fi b LA T (35.52% ) | W Y E B AT
(Streptococcus salivarius ,10.11% ) . FL R FL Bk
(9.49%) FEHEEER T (5.96%) B ICFLIT I (537%) |
2 ER TR (Enterococcus faecalis ,4.8% ) | J&5 A= 1 %
EK T (Staphylococcus saprophyticus ,4.45% ) . 4 B%
6,7 % BRI (Staphylococcus aureus ,2.62% ) I8 B
FLFF B (Lactobacillus ruminis ,2.40% )  #5 5L 78 244
KW (Staphylococcus sciuri,2.05% ) . 3% 1 %) % Bk
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(Staphylococcus succinus ,1.8% ) . ME K FL AT B
(Lactobacillus salivarius ,1.2% ) I fl-& 83 G
(Weissella confusa,1.1%) 25 13 A~ ik £ 217
B4 D0 F L R R R A

LA B S LR R A R LB T
B LT R B LR AN i R
S 5 AT S0 1 ) B Q A BR T |  BE(0
HIRBEGEEZTEEYHREER, DRk
(Streptococcus mitis )™, ToFLEEEK B (Strepto-
coccus agalactiae )", fif B T HREE BRI (Strepto-
coccus gallolyticus )", Jifi & 5% BR & (Streptococcus
pasteurianus ) "VFI [ BLEE BK I (Streptococcus_lute-
tiensis )" 75 5y 5 L 4% & JEAE BV B TR B, X w]
A T I 1 57 W R 58 LA KR % 1 Ak R A 4% B2
KW T LT M, SR, BEA S SR 5 K I8

pH 3.8 Ay R M B 58 A I 73 o B 0 v A A7,
P TR YR Ak

A LE T EE B, TR S 5 AT SN ] A FL IR
W AN, XS o ARG g 25 R — B, s
PR AT RE R SH IR | s LA™ A S R &
T P 5 OH o) 1 R 40 T A %) AR A B[R] I R
OrFLIR B AR M T A SR, BInTE s AR
Hh TR B B T A 2 WA ) (JC 2 S AR )
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A Pacbio SMRT ] F £ A KG ) 240 1 1 | 52
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Fig4 Heatmap of correlation of lactic acid bacteria species in fresh mare milk and Koumiss
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M S LI REFLAT T . 5 0 R R Wh L AT 18 45 1 A =
FEARME . DA EPIAE R T 165 rRNA 2K
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(Spearman AHC R E0) A1, #4045 5 UL IEL 4, AT
R T 0.1% M FLIR T B A b Jw - FLAF E S
FUAT T 35 TE A G (r=0.582, P<0.05) , 5 il 4% 4 £k
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Fig.5 Distribution of OTU in fresh mare milk and Koumiss
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MG OTU 7 ff B 375 AR B 4% i v 19 43 A
O, Gt AUAE T 8 S & b i) OTU A 244
A BRI 85 A FLIR TR B A, b i LA R |
WHESKTE | R FLAT S AR BR A 4 LR A
TR A BT B e, HAR R A TR Y FLIR T T
Fofr t BB ARG, AAF TR WAL v Y OTU %k
H L S iy 4 4k 126 4, HiERBREE AN &
P L 7] i v DA L TR T R A ——3 b LA T
DA FLATE . SRR YA . MR FLAT
W R FLAT I LR L 3K T DA B g AR R T A

BT UL B g R AR D D 2L R
PR 5 F DL R YR A AR

ST ARG IR R T E AR B unifrac
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Fig.7 The unifrac distance of fresh mare milk and Koumiss
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Analysis of the Structure of Lactic Acid Bacteria in Xinjiang Fresh Mare Milk and Koumiss

Using Three Generation Sequencing Technology

Cai Hongyu, Liu Wenjun, Shen Lingling, Wang Jiao, Zhang Heping"
(Key Laboratory of Dairy Biotechnology and Engineering, Minisiry of Education, Key Laboratory
of Dairy Products Processing, Ministry of Agriculture and Rural Affairs,
Inner Mongolia Key Laboratory of Dairy Biotechnology and Engineering, Hohhot 010018)

Abstract The microbial community structure of traditional Koumiss is bound to be different because of the microenvi-
ronment and production process of each family. In this paper, using Pacbio SMRT sequencing technology, based on lac-
tic acid bacteria specific primers, the lactic acid bacteria flora of fresh mare milk and Koumiss in Zhaosu County and
Akto County, Ili Kazak Region, Xinjiang were explored. The results showed that the alpha diversity of lactic acid bacte-
ria in fresh mare milk was significantly higher (P<0.005) than Koumiss, and the lactic acid bacteria in fresh mare milk
were more abundant. Lactobacillus helveticus (35.52%), Streptococcus salivarius (10.11%), Lactococcus lactis (9.49% ),
Streptococcus thermophilus (5.96%) and Lactobacillus delbrueckit (5.37%) were the main species of lactic acid bacteria
in fresh mare milk. The main lactic acid bacteria species in Koumiss were Lactobacillus helveticus (61.77%), Lacto-
bacillus kefiranofaciens (14.91%) and Lactococcus lactis (9.76% ). Staphylococcus saprophyticus (4.45% ) and Staphylo-
coccus aureus  (2.62% ) whose content in fresh mare milk were significantly higher than Koumiss (P<0.05) were
pathogenic. In addition, other pathogenic bacteria were detected in fresh mare milk, such as Streptococcus mitis, Sirep-
tococcus agalactiae , Streptococcus gallolyticus , Streptococcus pasteurianus and Streptococcus lutetiensis, which stated that
fresh mare milk should not be drink directly. And compared with fresh mare milk, Lactobacillus helveticus and Lacto-
bacillus pontis with higher content in Koumiss were significantly positively correlated (r =0.582, P<0.01). The results of
beta diversity stated that fresh mare milk and Koumiss had different lactic acid bacteria flora characteristics, and the
dispersion of Koumiss was higher than fresh mare milk, indicating that the quality of traditional Koumiss was uneven.
The lactic acid bacteria specific primers used in this article provide better conditions for mining low-abundance lactic
acid bacteria, which provides a more adequate theoretical basis for the industrial production of Koumiss.

Keywords mare milk; Pacbio SMRT sequencing; lactic acid bacteria specific primers; lactic acid bacteria diversity



