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1 #REFE
11 HREOXRE

7 A3 FBR K A FUAE S 2R B S v T
KR FEE 5 N TIL~TIT, B RER R E—=
Fify, ¥ 50 mL GEG LR, SRS R
20 mL, — G I AKE b PR AP 50 (TC TR B Bk R 45 0.1 ¢
MPEH Se ), 53— A 15 mL DNA ££47 5
(TaKaRa), ¥ fiR S 5 E B8 0 52 Bl & TR
UKAR (4 C)h ik B = HATIR ST,

1.2 FERFIRNE

MRS F1 M17 £5 258, S E Qxoid 28 1) 5 B,
At 5T A% T 22 7] ; TIANamp Bacteria DNA - Kit (4
PR 2H DNA $2 B0 &), RIRAERH A R
/3 H) ;Dneasy Power Food Kit Dneasy (fE & & i
W &), 8 E QIAGEN /& 7] ; KAPA HiFi Hot-
StartReadyMix PCR Kit (<1 & 8 & 2 4 il fif 12X
FARF &), EE KAPA A% ;PCR Fr FHid ],
IR E YR A RA A,

e 541t EE T, 36 Nanodrop 23 5
PCR % (PTC-200 #), 3% [ Life Technologies 2%
WM (CX33), H A OLYMPUS 2 5 H 9k AY
(DYY=12 ) At mt s —ALER T 5 B e A% o AT X
(CDS8000 %! ), £ [ UVP &l ; =A% 51X
(PacBio RS I1),3E[E Pacific Biosciences 23],
1.3 IABENIBEELEE

HERE T T8 TR A 350 5 SR F A R B AR R
PO 107,107,107 3 NH B B i A B, 7
ASKE L 3 ANBR 4 200 WL 2413 A5 T MRS
M17 FRR; 9735 (BiE 1.2 ¢/100 mL) b K AR R
TR LT BB T 37 CCIRE R R4 h 8 % 24~48
h, WIEIE UG, WL BT A H I TE A Wi 7% 2
o K/ ISR I TR C 3¢, PRBUE S 4F1E
ANTA] 9 AN R V& AR RL B9 MRS A M7 [ 4485 57
B b, SRR R AR YE S PR S LR T 2~3 IR
2 R I B ol e B2/ R D S S (U B
P A PR IR V% 0 A 2 R E) MRS T M7 B4
R BSR4 an L SR ak kit BT R AR R A T
it AL S TG PRI, DL RORE R R 2 R
WRE S, XA R Ry AL E I (e
A B QG M (B R WA bk 2 B 5
&) B TR AT FERE F7 , R VR TR O 6, D) 25 ik

— U

K F T & v $ BB Bk DNA, S8 A TR
(REHkE 50 mg/mL)%**ﬁ???ﬂiﬂﬁﬁfﬁﬁéfﬂ‘Iﬂ ,
JE SRR 240 VR (2% S DNA $2EBUE R S %
Y PR L P 2 DNA 48 G R) (B0AE A S Ul B S
AR A FE AL DNA J5, F 0.8%30 i i 5 e
P UK A Ve B 4l B I A G SR R T AT R AT Ak
N g

ot P 4 R 3G S 1, E g AT e
Y[ 1IE 1) :27F (5’ ~AGAGTTTGATCMTGGCTCAG —
3'), B : 1492R (5'-ACCTTGTTACGACTT-3")],
s DNA YRR 3 G BRI T3 9738 SOV AR Ry
50 pL @9 PCR B, #3442 . HiAEPE 5 min
(94 °C); 7ZEYE 1 min (94 °C,30 MMEH), Bk 1
min (58 C,30 MEH ), LEfif 2 min (72 °C,30 1
) s AR LA 10 min (72 °C)™, B HLIK S5l B
HICHi B A 1 PCR 7™ W) 7 AR 55 14 F 2648 |
VIR ARG W 0N w) AT Al A0 A0 L) R, 0 A
2 1) )7 51 76 NCBI ¥ % (https : //www.ncbi.nlm.nih.
gov/) L AIEL A TR B R R 7 5 R AT R R EE X i3
JH MEGA7.0 #5442k H1 4B 4% % (Neighbor—Joining)
P TR R AL AR
1.4 B4 I PHEEEEREA DNA HIRE

fifi 11 Dneasy fig & & & ik 1 € ,2 mL tubes
(100) fh $24F 5 %2 F£ N 41 DNA |, Hb 58 5 08 5]
A UL ] ND-1000 2840 Y66 BE AT 1.0%
Ty W 6 T H UK K 3G H B DNA R 4l i 5 58
B KA SR DNA B K IR UKAR (=20 °C) 14
fE5 .
1.5 ZHE 16S rRNA EEF &K 18

PCR ¥ 34 i i 193 F) & & KAPA HiFi Hot-
Start Ready Mix PCR Kit, ¥ 34 Jif {& & (50
wl): 10 wmol/L. 16S rRNA 3 [A /¥ 51 3 F 5| 4 ([7]
iR 1.3 95)4% 1.5 ul., DNA ## 1.5 pL,KAPA
Mix 4 Fisi 3L iR A% 25.0 pl,ddH,0 20.5 wL, ¥~
142 .95 CHIZEME 3 min;98 CAEME 20 s(30 4~
FEFR ) ,60 Cil k 15 s(30 PEHR ), 72 CCLEH 30 s
(30 MIEFR) ;72 CA ¥ ZEH 2 min™,
1.6 PacBio SMRT fllfF & EFEH

XTI e 00 Y R s AT B ], R SM-
RT portal (v2.7) " RS ReadsOfinsert.1, Il J5 i
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DNA 4fi A BERLTE 1 400~1 800 nt Z [H] , H4ifh &
LR B i i P A AR B A Y Barcode 15 B
B Barcode Zb B, I QIUME ~F & X 4545 ok
Y 5 O P 9 AT S A W 2 43 TRLIE 7 2R A

v $HFEE 1% RF Y AR & IR 2 L 800 4R A A5ORH [R]
A AL 3 FIH PyNAST KR035 )% 41, 38 i U-
CLUST #AFILL 1009 /9 AL Kl 73 Fe 571, s 57 n]
BEAE 73 2 9T (Operational taxonomic units, O-
TU)., FIH FastTree #F19%: il 3 T OTU ALE 7
V) FR G0 B FEA 5 Bl EA T IS
Mann—Whitny/Kruskal -Wallis £ % 4t 71 A~ [[] H X

M2 25 FL A T& 45 1) 22 Sk, N RO AT Ori-
gin2017 Z5 5 A X5 QIIME 434 (4 il A= 4 41 B 4
Fr A A B

2 ERESM

21 EERHERGIATIRENIBRERE
MBS s S HR AR ) 7 43 IR AR FLAE bl b 303

AR 93 R, AR S Al U B A (3 0

SRR AR ) 2 TGP P A R R 2

@) YR BIEEIR i 15 2 S8 L FLIR I 92 7k,

’4’% RFAFEENEE R (Lactobacillus delbrueckii subsp. indicus NCC 725" (AY421720))
(o FFLAT B (RANFI L WAE (Lactobacillus delbrueckii subsp. bulgaricus DSM 200817 (AJ010835))

Tl6-2
TI5-20
TI5-4
TI4-1
TI3-15
6| TI3-3

53q

TI2-12
TI7-11

96| TJ1-8

98| TJ1-6

ESH TJ1-19

" T36-20

TR FUAF B SRS (Lactobacillus delbrueckii subsp. sunkii YIT 112217 (AB641833))

FEIRFUATE (Lactobacillus delbrueckii DSM 20074" (EF468101))
FERILTE LA (Lactobacillus delbrueckii subsp. lactis ATCC 123157 (AF429505))
AT MR AR (Lactobacillus delbrueckii subsp. jakobsenii ZNTa-9" (1Q801728))

56 FIFLATHE (Lactobacillus brevis DSM 20054" (EF468097))

- WMFATE ( Lactobacillus plantarum DSM 20174" (EF468099))
IR SRR BT C Lactobacillus plantarum subsp. argentoratensis DKO 22" (AJ640078))

39 #MBRE (Enterococcus faecalis NBRC 1004807 (AB681178))
go| NHIEERE ( Staphylococcus hominis ATCC 27844" (226905))

NEATER SR 8 ZWUIUE EFF (Staphylococcus hominis subsp. novobiosepticus CCUG 42399 (AB233326))

0.020

1 #BHE# 16S rRNA EE F 5 & 4 i L &
Fig.1 Phylogenetic relationship of 16S rRNA gene sequences of partial isolates

It 16S rRNA 5 Kl J¥ 1 BLAST EbX), A
TR b X 0 B bR R AT S8 5, WA 92 Bk 3 B TR iR
FFLFREE 8 MEGA7.0 FAFH3 3 43 25 bk S5 A
PR 168 rRNA HE PN R 81 2 i JCFL IR T 2 48
B (K1), %08 ,93 BROr B bR FLAT
J& A PE R LA (83 k) AR FLAT I (Lactobacil-
lus plantarum) (3 ¥ ), %4 ZL#F B (Lactobacillus
brevis) (1 ¥8) , I Bk J& G 25 % BR 55 (Enterococcus

Sfaecium) (3 ¥k ) , T A W BK & (Enterococcus duran)
(1 ¥k ) F1 PR 15 BR & (Enterococcus faecalis) (1 #£) ,
I ERE A1 MR AR A BRI (Staphylococcus  ho-
minis) (1 ££) .
22 BERIMEBBR4IINARSHEY

N PacBio SMRT = AR ¥ H A X5 7 1y 8%
0w 0T R AR FLRE S BEAT O )y, e e SRR
25 164 ki i se B IE R P41, P A R
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R E S 3595 %, 2 9T% A Bl &l 4 O-
TU, %} 354569 1 838 4~ OTU #EA740 07, “F- 44 F54>
RSB OTU il 262 A4, Hoh 5 91 e £ 19 b
i A TI3(5 008 ), ¥4 s b (AR it R TI7 (915
Ao A FE AR T HIECR OTU %0 L3 1,

Bl 2a H# il 2k 26 m R 3k 207 i 5 2 -
FhaE I R 2 4k 2l 36 0, ) s R & v 4
Pt 2 8, 156 B i 000 O T B i 25
AR Y FYE LB, B 2b R il £k E O
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Table 1 Sequences information of naturally fermented
milk samples
5 ik PR K OTU %%
TJ3 5008 411
TJ6 3640 234
T)7 915 188
TJS 3381 195
TJ1 4972 316
TJ2 4399 250
TJ4 2 849 244
ko
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3z
w5
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00 " 1 M 1 " 1 L 1 L 1
0 1000 2000 3000 4000 5000

N Sss
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2 BERZHEME(a)MEGHLE (b)

Fig.2 Shannon diversity index curves (a) and rarefaction curves (b)
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FIH PacBio SMRT £ A Xt 85 7 5 i 45 b X
M2 4 ZLAE S BEA TN, & ] RPD Fl Greengenes %X
P EEAT P 9 e XS, S5 R ILME ] 6 A E
15 N gim A, fEJR A FEEE R 6 NS,
Oy )R A HLFT B (Bacillus) . AT )& (Bac-
teroides) . WHERHE J& (Enterococcus) . FLATH &
(Lactobacillus ) . %% 2K 7 J& (Streptococcus ) . FLEK
J& (Lactococcuw) o A [FIFE G 20 B g A 3 95 2H R
3 7 o Horn R A0 LA il rh AR &5 1 B 9
FLFFRR , & i 91.7% , HUON BERRF U , & 1 8.
1% , b LR B A D, & 54X 0.01%, 7 £ il
Fedhh T4 FER B E R, A 6 MEEY
Kl 2] FLFT B e Bk 8 A B AR rh 2T
Kt HoA T 70% LA L 5 BE 3R I ALTE TJ2 Fi

T4 FEa PR & R BE) 1%,

TERP K % ) 15 DA wfh, 5 7 45k
BRIAT 4 DFUFFR, Wit A BRI A . ASTRLRE S 4 T
TR AT 1 V5 4 LA 18 4 i PR ICFLAT 18 i FveE
EREA (Streptococcus thermophiles) Fldm—+ ZLFF
(Lactobacillus helveticus) TE 7 ¥y £ & 46 K
Hh s TR RFLAF AR & 5 5 3k 82% , I HL7E By #F
i W HEIAE 47%0A b, R TR ) S AN B
RETE TR H A O 34 TR 5 g PAVHE R T AR X 5 4
7.36% , 52 e 5 i W TE A B b LA TR A A X
TN 6.62% ;3% + 2 [RFLFF T (Lactobacillus le-
ichmannii) % F6 R 2.05% 5 HoAx 11 B b & 4
D NT 0.5% o AN [FTTR 28 FUAE i 1Y T A O3 A1 e o
ECIF AT, TO1 B b o RS ER LA 1T o5 B 47.87%
Tty 1 FLAF B (1 L 44.87% , P 11 R %R i 1 £ 4
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Fig.3 Relative abundances and bacterial diversity of the
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microbiota of naturally fermented milk at the genus levels
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Fig.4 Relative abundances and bacterial diversity of the
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microbiota of naturally fermented milk at the species levels
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Fig.5 Boxplots of a—diversity indexes of naturally fermented milk samples
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Table 2 Number of sequences and OTUs, microbial diversity and richness indexes of Tajikistan naturally fermented milk

H S &S OTU # % 1 F5 AR A5 3 FE A R I A S
TN 5092 423 594.499 5.30398 0.901164 320.82
TJ2 4574 322 535.600 3.44766 0.651111 246.16
TJ3 10932 718 719.863 5.07821 0.892318 353.52
TJ4 3996 387 722.118 4.00965 0.736366 316.5
Tl5 3459 266 513.434 3.02652 0.560876 238.12
TJ6 4428 374 668.595 3.24421 0.603404 283.54
TJ7 3483 352 585.789 4.80780 0.858167 315.54
KG1 5099 492 792.087 4.83669 0.878491 349.08
KG2 5439 557 907.362 4.98055 0.871194 376.2
KG3 5670 426 607.808 4.29953 0.826104 292.64
KG4 6 658 431 590.848 4.27836 0.799450 264.80
KG5 2 896 314 684.210 3.88324 0.696134 311.76
KG6 7701 428 523.022 4.53194 0.884118 251.04
KG7 4474 419 709.263 3.91381 0.693485 324.52
KG8 5254 295 446.719 4.29788 0.871510 212.66
KG9 6561 482 678.086 4.42371 0.826355 293.48
KG14 3421 261 522.235 4.54800 0.892886 235.66
KG21 4142 264 463.394 2.58497 0.468345 213.46
KG20 4394 410 726.508 373711 0.653267 317.66
KG22 3768 350 622.774 4.86922 0.889187 303.06
KG30 3505 320 589.993 3.38025 0.590173 285.76
MLG7 6 868 585 937.108 5.14450 0.921099 328.60
MLGS 5548 503 1066.90 4.99822 0.917009 319.50
MLG10 8675 323 359.895 3.87321 0.827665 182.66
MLG13 7 400 452 563.274 4.49892 0.810704 265.74
MLG14 5708 343 522.774 4.39674 0.822574 237.68

X+ 5351 +1829 403 + 106 640 + 155 4.25 +0.69 0.78 £0.12 286.16 +47.36
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Fig.6 Weighted (a) and unweighted (b) UniFrac principal component analysis (PCoA) score plots

based on principal components 1 and 2
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X BOTU %, 34 10 497 4~ OTU, £ 4 H X (1) #
i AETEREA B OTU, I 6 K F |3 b IX R4

WEIREETKE (Streptococeus thermophilus)
SFLERFLIKE ( Lactococeus lactis)

BEERAHE (Lactobacillus delbrueckii)
BREARE (Lacrobacillus helveticns)
FTBRABTE (Lacrobacillus leichmannit)
T ENITE (demetobacter johnsonit)
BIFEFLHE (Laetobacillus paracaser)
HHRAIABRE (Lactococeus chungangensis )
DABEHAFE (Lacrobacillus kefiranofaciens)
REEEIKE (Staphylococcus epidermidis)
HREBWIME (Lacrobacillus parafarraginis)
WRRILBEE (Lactobacillus harbimensis)
BEAFE (Lactobacillus diolivorans)
IETRIREE (Escherichia fergusonii)
EXBEE (Pseudomonas fragi)
FABERASERE (Leuconostoe mesenteroides)
FEEREEE (Klebsiella oxytoca)
ABEBE (Staphylocaccus hominis)
FAE/RANE  (Lactobacillus kefiri)

Hfb, (Other)
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FURE ity 1 D0 28 T o 2 J0A 7 2 5, B 9% A L XA
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lactis ) AV i = FUAT T, H 5 L7 RE FLAF1E (Lac-
tobacillus kefiranofaciens) . BT & FLFF & (Lacto-
bacillus paracasei) WH Z 5 i ¥ 3% v Bt F1 7 /K
T 30 8 $H b DO A Al S 8 TG LA 1R g B BK

ERENAE EERHE

6 axpu
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Fig.7 Bubble chart of the abundance of bacteria in natural fermented milk in three regions
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T, K P DX TR A A 22 01, i 2R ST i
R AF LR FLER T . W R FLAT I (Lacto-
bacillus harbinensis) £ _FR FLAT B (Lactobacillus
diolivorans ) A5 MEFLAF W (Lactobacillus parafar-
raginis ) 55 AR  SRT 2 BB/ B8 SO AR
R . RIREEIRRW] 3 b DA i AR T
YRR R ZREVE 22 R BN, TERUEYIRER 451
B E A D T 2 A [

3 itig
AR T A R B AR A FL R

PR BT IR A Tk B AR BURE S U
ZREVERE R WG 0 AW HOR | el ali s
It JRy FRAEN A BIE 5T 45 5 Pl J7 125 %0 85 3 v 2
WL IX AR K EEFL T FLRR W 2 AR T e b, 2
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Isolation and Identification and Biodiversity Analysis of Lactic Acid Bacteria
in Naturally Fermented Cow Milk from Tajikistan

Liu Chen'**, Cong Lin'?**, Liu Wenjun'??, Zhang Heping'**
(“Inner Mongolia Agricultural University, Huhhot 010018
*Key Laboratoty of Dairy Biotechnology and Engineering, Huhhot 010018
Collaborative Innovative Center of Ministry of Education for Lactic Acid Bacteria
and Fermented Dairy Products, Huhhot 010018)

Abstract Objective: Naturally fermented cow milk is an important part of the daily diet of nomadic people in Tajik-
istan, which contains rich resources of lactic acid bacteria. However, there are few studies on the microbial community
structure and biodiversity of lactic acid bacteria in natural fermented cow milk in Tajikistan. Methods: In this study,
pure culture method combined with metagenome sequencing technology was used to study the microbial diversity of natu-
rally fermented cow milk in Tajikistan. At the same time, the microbial community data sets in Tajikistan were compared
with another two regions in Kyrgyzstan and Morocco. Result: The results of isolation and identification showed that 92
strains of lactic acid bacteria were isolated from 7 naturally fermented cow milk samples, and the dominant strain was
Lactobacillus delbrueckii. The results of sequencing showed that Lactobacillus delbrueckii was the dominant strain with a
relative content of 82%. The comparative analysis of the three regions showed that the microbial community in naturally
fermented milk had some differences. The composition of bacteria in Tajikistan and Kyrgyzstan was similar, while Moroc-
co was quite different from them. Conclusion: Through this study, we acquired lactic acid bacteria resources and the in-
formation of diversity of naturally fermented milk in Tajikistan, provided strains for the development and utilization of
lactic acid bacteria, and provided basic data for the research of lactic acid bacteria in naturally fermented dairy prod-
ucts.

Keywords lactic acid bacteria; naturally fermented milk; pure culture method; diversity



