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1.2.1 HEARHES K6 MFEARTE LHIFET 15 H& AA_1.A2
AN KA B S mL B OB HEE B 25 H S B.B_1.B_2
T-80 CUKAHHAF . HEAFR WA 1, 3FHS C.C1.C2  HAHALEEL]
1.2.2  FEAS & a0 B A b e aE 4 2H 5 D.D 1.D 2 A4
¥ H i S8 A W e 25 BB A B R 58, B T o EF 1.E2
mi%%i%@%*ﬁ'&ﬁﬁﬁ&ﬁj%ﬁﬁfﬂo F)’f 6%;}%% F\F_l \F_2
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Table 2 Primer table
HE P2

m# 16S tDNA (V3+V4) X 3%

338F(5-ACTCCTACGGGAGGCGCAGCA-3")

806R (5-GGACTACHVGGGTWTCTAAT-3")
ITS1F(5-CTTGGTCATTTAGAGGAAGTAA-3")
ITS2R (5-GCTGCGTTCTTCATCGATGC-3")

A ITS K%

1.2.3 WM B4l B 500 L 1822 iR A
JA 4500 Wl JC B AR BEER K A, DU B I 0k A7
R RE . N RE L BR R AR R S5 R A T MRS MC il
YGC AR B FE ML MRS Fil MC -4 35 57 L&
37 CH5 5% 48 h,YGC AR5 52 L & 28 CHE 5+ 48
h, PREUERE S0 v S 2 R B, B T A
BN B A A 1k, R 5 B Al Ak Y A TR
AT 22 QY B D T B AT 26 = e o S
AR T-80 C,

1.2.4 FEPHZH DNA #2508 Hod ko R 4

DNA (F 45 DNA 1) 2 B B8 42 3 R 4 44 Bt 511
VLA IR I DNA 47 F-20 °C 3L 4]
DNA HLK . SR 1.0% 1 35 g A 458 e X 42 B i
DNA #EF7H Pk, LR 80 V, B 4 40 min® | Wi %X L
KA,
1.2.5 PCR ¥ 4 40 1 16S rDNA J7* 51| Fil % £F 1
26S rDNA D1/D2 Fal X 75

1) 41F 16S rDNA J¥ %1 PCR ¥ 34 {& 10,
%3,

*3 #E 16S (DNAF % PCR ¥R Ry EERF
Table 3 PCR amplification system and procedure of 16S rDNA sequence of bacteria

il 25 wL BOE AR & Ae AR AR /L EEE Y
A B DNA 2(FE M) 94 °C 4 min 30 A8 3R
2xEasy TaqTM PCR SuperMix 13.5(% %) 90 C 30s
314 27F (5'-AGAGTTTGATCMTGGCTCAG-3") 0.5(iB K) 58°C 30s
5141 1495R (5'-CTACGGCTACCTTGTTACGA-3") 0.5(3EAp) 72 °C 1 min
R IR AN E 25(3EAP) 72 °C 1 min

PCR 729 2 1.0% 35 I M B e Fi Sk R ) , e ¢
# PCR =Wy 25 3 AR T A9 TR e 4 A R 2
A, RS 3R R 87 NCBI | ffi ] BLAST

PEAT AR 5 45 2 AR T L X
2) BEREE 268 rDNA D1/D2 F&lA] X PCR ¥~
HRRTILER 4,
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% 4 26S rDNA D1/D2 [BEIX PCR ¥ &k R R I 18R F
Table 4 PCR amplification system and procedure of 26S rDNA D1/D2 region

=il 25 pL BB AR & F e AR/ L I Y
A H B A DNA 2(mE M) 94 °C 4 min
2xEasy TaqTM PCR SuperMix 10( & 1) 90 C 455 oA
iE 15 5] 4 NL1(5'-GCATATCAATAAGCGGAGGAAAAG-3") 0.5 (& k) 55°C 45s P
By 5] 4 NILA(5'-GGTCCGTGTTTCAAGACGG-3") 0.5(3E4p) 72 °C 1 min
K AN E 25(3EAF) 72 °C 10 min

PCR =¥ 28 2.0% 35t 15 W B i H Uk K6 T, 4
PCR 7= 3 8| g A= T A4 TR I 403 A5 BR 2 =) i
FE, 515 2/ 7 5148 NCBI b ] BLAST 47
AR S R R 7 X

2 HBR55W
21 MEFERESH

4P 16S rDNA JEH V3-V4 X L3k 1L )7
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Table 5 Analysis of bacterial alpha diversity in different samples

o m 5 Chaol ¥ # ACE 38 % Shannon #54  Simpson #& % Sobs & £ Coverage

A 20.58 + 0.46" 21.06 + 0.62° 1.15 £ 0.09 0.43 +0.05" 20.33 £0.33¢ 0.99

B 10.50 + 1.80" 15.99 + 4.74 0.55 +0.08° 0.66 +0.07 8.00 + 0.58° 0.99

C 817+ 1.17" 9.39 +2.09° 0.64 £ 0.04™ 0.58 +0.04" 7.67 £0.67° 0.99

D 13.33£4.26" 2734 £ 15.16° 0.51 +0.06° 0.69 +0.05 8.33 + 1.76° 0.99

E 6.50 £ 0.76° 9.16 £ 1.62° 0.52 +£0.07° 0.68 + 0.06" 6.00 £ 0.58° 0.99

F 13.83 £ 1.42" 15.08 + 0.65° 0.79 £ 0.01" 0.55 £ 0.01* 12.67 +1.33 0.99

TE < [ 81 A ) 5 B 3R 22 5 W % (P<0.05) .
x6 FAEHEREH o-ZHESH
Table 6 Analysis of fungal alpha diversity in different samples
5 Chaol 84 ACE 484 Shannon 7% #& Simpson & 4 Sobs 8 4 Coverage

A 32.79 + 1.95° 33.56 £2.63" 1.44 + 0.08" 0.30 £ 0.05° 30.67 + 3.38° 0.99
B 10.00 £ 2.08" 21.76 + 4.13" 0.06 + 0.03* 0.97 £ 0.01* 6.67 £ 0.67" 0.99
C 9.67 + 1.69" 11.72 + 1.74 0.05 + 0.01" 0.98 £ 0.01° 8.00 = 1.00 0.99
D 31.33 £5.90 36.62 £ 6.16" 0.30 £ 0.06° 0.91 £ 0.02° 29.33 + 6.89° 0.99
E 16.00 + 0.58" 16.15 + 0.60 0.15 + 0.04 0.96 +0.01° 16.00 £ 0.58" 0.99
F 26.87 £2.77° 37.66 +5.63" 0.81 +0.05" 0.63 +0.03" 21.67 +4.81* 0.99

2 RN AS R 7R R 28 57 18 3% (P<0.05) .

23 AEMEEMPHEMHEEEIMBEKE
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T AR TP AEAFEAS b 2 B AR AL
T 0, R G P R v 4 SR AT 0 AT

TENTKF B, DN 6 03 W5 i A A v A 0 1) 5
ANEE ][ 5300 2 R BE TR ] (Firmicutes ) 2R 1]
(Proteobacteria) . #4 ¥ & '] (Bacteroidota ) ., # #
I"J(Cyanobacteria) \ L ZE 7 [] (Actinobacteriota) ] #1
5AEBETT[ 0% F %] (Ascomycota) , 1+
B 1] (Basidiomycota) , A& 73 28 1) B 1 28 Bf (unclas-
sified_k_Fungi) . #% 761 % ['] (Mortierellomycota) . #t
¥ B 1] (Neocallimastigomycota ) ], Ho o B RE 15 7]
AR, TR A EE T,

TEJE 7KV b6 1 W A it b ZLAT & (Lac-
tobacillus ) . 5% 3K W J& (Streptococcus ) #B 7 246 X 1L
P, Hh AR R AT R HE R R T R AT
& (Acetobacter) B i LA TR] (] 2 FF7R ) .

TEJB K b, AR PR AE S AR P s
BIAA BTN, g A 5 FF S8 A W)

F8& . A SHMPREEEELEE (Issatchenkia) o5 4
XL F 5 4 i v A 8 B B & (Torulaspora) i
dxf L, HE 4 A0 T e s %R
(Kluyveromyces ) i 48 XL 3 (K 3 iR ),
2.4 A EINERHE M P REY Beta TS

F A bRHl /AT (Principalco—ordinates analy-
sis), & OO EHE HEAT R A 9 AR 29 M BT
5, AT S WRAS R AR 0 i 2E AR R o 2 S P

41 T PC1 5Tk % Ky 53.35% ,PC2 BTk %N
37.82%. 6 1L SEHE I AR IMEE AL A 5
A S HE 5 A R B R, B A 25 ek
SK1M B.C.D E F AX 3 , WA EE AL, UL
X5 ZH 5 A O A R R T A5 AN A AL ME (K 4
B ) o

FLH PC1 5Tk % 79.47% ,PC2 BTk R K
18.84% ., 6 U 1& Gue f 7L A e AL W AL il A A0
FoMME5HE 4 AFMERRT, XUl A S
HF 5 A W5 A it v TR A AR V% S5 A L A ST
H 5 HE 4 4y A W5 B AE 5 1 L DA T 0 45 40 =2 (0] 2
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16S rDNA F3I 44 R

DL 52 BRYNTH ()56 K 41 DNA AR, R A5
Y 27F 1495R "4 H 16S rDNA 751, FfXf 4 3
FEYIEAT IR, IR AR AE 1500 bp 2, BE S
RWFET,

H 7 AT, 52 BRANTE &5 T2 1B N 7
A& 11 AFh Hod TM=1 . TM=7 TM-10  TM-25 .
TM-28 J& Tt A W 3K & , TM -3 'TM-16 . TM-20 ,
T™ 24 J& F 2% i #k & ,TM -9 \TM -22 2TM -9
3TM -2 .3TM -3 .3TM -4 .3TM -5 .3TM -6 .4TC -2,

2.6
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ATM -5 4TM—-6 4TM-7 4TM-9 4TM-10 .5TM-1 .
5TM-10 5TC-1.5TC -2 .6TM -1 .6TM -3 .6TM -5 ,
6TM -10 .6TM -12 J& T # 4ff 2F 78 #F 1§ ,2TC -1,
2TM-6 2TM-12 3TC-3 J& T 85 FE ZE f AT 5, STC—
3 & TR FF# , TM-26 .TM-27 .TM-31 J& T &

T W& FLFF 1A, TM =30 J& TG FLAF 1A, TM =21 J& T
7 BB A R L, 3TM -9 J& T 2 R AT 1, 3TM -1,
3TM-10 3TM-11 4TM-1 4TM-11 5TM-3 .6TM—
6 .6TM-8 J& T 40 1 5 %5 1 , 5TM -4 J& T 3K [ ) %
BRIA

R7 HHELETELER
Table 7 Bacterial identification results
i AR5 A % [6) 78 /%

W R My T™-1.TM-7.TM-10,TM-25 \TM-28 Wit 2 W 5 H (Enterococcus durans) >99

TM-3 . TM-16 ., TM-20,TM-24 £ W 3 A (Enterococcus faecium ) >99
FHRAFEE  TM-9 . TM-22.2TM-9 3TM-2 3TM-3.  ## ¥ 347 # (Bacillus tropicus) 599

3TM-4 .3TM-5 .3TM-6 . 4TC-2 . 4TM-5 |

4TM-6.4TM-7 .4TM-9 .4TM-10,5TM-1 |

5TM-10.5TC-1.,5TC-2 ,6TM-1 ,6TM-3 |

6TM-5 .6TM-10.6TM-12

2TC-1.2TM-6.2TM-12 .3TC-3 354 3 J0AF B (Bacillus cereus) >99

5TC-3 X &) #5AF @ (Bacillus paramycoides ) >99
AR B T™M-26 . TM-27 . TM-31 &) T8 3LAF A (Lactobacillus paracasei) >99

TM-30 X $LAF 1 (Lactobacillus gallinarum ) >99
1B R B TM-21 A AR I 1 (Pseudomonas helleri) 100
W AT 3TM-9 E K AF @ (Enterobacter hormaechei) >99
ey 3TM=1.3TM=10.3TM-11 4TM-1 4TM—11. %834 % & (Streptomyces microflavus) 599

5TM-3.6TM-6.6TM-8
DS 5TM-4 FEH HHA (Staphylococcus epidermidis ) >99

27 HERZEEZBERHHEE
K M MEGA 7.0 kb # R K KB W
(Neighbor—Joining ¥ ), Z5 £ WA 6 i,
2.8 26S rDNA D1/D2 [REIRFFI S LR

L 46 RREEEE B A FE R 24 DNA AR AR, R H
#5149 NL1 NL4 § 34 26S rDNA D1/D2 [
DX F A, XT38 = Py AT B Uk, FL K SR TR
600 bp Zid7, LR ILE 8,

Hi 2 8 NI, 46 FREERE IR 20 % 1 JE
8 Mg 9 NFh, Horh TY-6.TY-7 J& T i B HI G 8%
JTY=17 J& THERAR 22 ¥ bF  TY-20 J& T &K B 5
o B BF 2TY -1 2TY =2 2TY -3 2TY -4 2TY -5,
2TY -6 .2TY -7 .2TY -8 .2TY =10 3TY -1 .3TY -2,
3TY -3 3TY -4 .3TY -5 .3TY -6 3TY -8 3TY -11 .,
ATY -1 4TY -2/4TY -3 4TY -4 4TY -8 5TY -3,

5TY -4 5TY =5 .5TY -6 .5TY -8 .5TY -9 5TY -10,
6TY-1.6TY-4 J& T FEfEEe SR Wb TY =25 R =
AT EERE 2TY -9 4TY-9 6TY-6 J& T 5 H B ve IX
HhEE R 4TY -5 4TY -6 4TY-11 5TY-1 J& F 55
S e B Ry STY -2 5TY =6 J& T 745 J7 1 %
B, 6TY-2 J& T Ems BEf
29 BBEAZLEMNUE

¥k MEGA 7.0 RIFME R E K F W
(Neighbor-Joining %), W& 7 Wi,
210 SHEENFEESEFREERBKFE LML
®

o 3 1 U 45 SR 5 S 0 3 0 A% e 3 R O 1k
o B S E R W TR Z M 25 etk LR 9,

1% 9 AT, A R A T R Y 4
PRI FIT B TR 5 T e R ORI TR T TR A 7 [
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Fig.6 Bacterial phylogenetic tree
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Table 8 Yeast identification results

B4

AR5 A4

Bl RV %

AR P B R,
B 2 8%
B B

TY-6.TY-7
TY-17
TY-20

% 5 IR K, B (Y arrowia lipolytica)
BERAR 22 B #F (Candida zeylanoides )
KB B 5k B 7 (Pichia fermentans )

2TY-1.2TY-2 2TY-3.2TY-4 2TY— J 4% 3¢ 5k 8 3 (Pichia kudriavzevii)
5.2TY -6 2TY -7 .2TY -8 .2TY -10.

3TY-1.3TY-2.3TY-3.3TY-4 .3TY-

5.3TY -6.3TY -8 3TY -11 . 4TY -1,

4TY-2 . 4TY-3 4TY-4 4TY-8 .5TY-

3.5TY -4 5TY -5.5TY -6 .5TY -8,

5TY-9.5TY-10.6TY-1.6TY-4

>99
>08
>99
>99
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(8% 8)

% 4

Bkt 5

i

[ R/ %

R B

BRI R B
FE YRR
Ll s

B ¥ 5

TY-25
2TY-9 . 4TY-9.6TY-6

4TY-5.4TY-6.4TY-11.5TY-1

5TY-2.5TY-6
6TY-2

& 2 X % 85 (Guehomyces pullulans)

TR i BB ( Wickerhamomyces anomalus)
I 5% % 5t % Yk 889 (Kluwyveromyces marxianus )
7 4 iF B8 4 (Issatchenkia orientalis )

BB 8% 4 (Saccharomyces cerevisiae )

>99
>99
>99
>99
>99

g bR E SR % BB Banhegyia B 1EJE L
G, HB T 3E 5 AT B R B 7 VR A B ok R 2T B Y

5TY-7
5TY-2
S BT DU B
6TY-6
4TY-9
2TY-9
P E TR B
4TY-4
6TY-1
STY-10
STY-9
STY-8
STY-6
STY-5
STY-4
5TY-3
4TY-4
4TY-3
4TY2
4TY-1
3TY-6
3TY-5
3TY-4
3TY-2
3TY-1
99[ 2TY-10
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2TY-5
2TY-4
2TY-3

65
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Fig.7 Yeasts phylogenetic tree
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Table 9 Analysis of two methods at genus level
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Microflora Diversity and Molecular Identification from Traditional Fermented Raw Cheese
of Yak Milk in Tashkorghan Pamirs

Elmira Rixat, Nurgul Rahman®, Gulpiya Tohti, Dilhumar Abduxukur
(School of Life Sciences, Xinjiang Normal University, Xinjiang Key Laboratory of Special Species Conservation
and Regulatory Biology, Urumqi 830054)

Abstract Objective: To explored the microbial diversity and community structure of traditional fermented raw cheese of
yak milk in Tashkorghan Pamirs Xinjiang. Methods: 6 raw cheese samples were collected from different herdsmen’s fami-
lies. The microbial diversity was analyzed by high—throughput sequencing technology. At the same time, the traditional
yak milk fermented cheese samples were selected and isolated by pure culture. The species of bacteria and yeast were i-
dentified by traditional classification, 16S rDNA sequencing and 26S rDNA DI1/D2 spacer sequencing. Results: The opti
mized sequence 945 432 was obtained by sequencing the V3-V4 region of 165 rDNA gene. The optimized sequence
1 302 962 was obtained by sequencing the its region of fungi. At the genus level, Lactobacillus and Streptococcus be-
longing to Firmicutes were the dominant bacterium, Kluyveromyces, Torulaspora, Issatchenkia and unclassified dipodas-
cacease belonging to Ascomycotea were the dominant fungi. According to PCoA analysis, the community structure of the
six samples had both similarities and differences. 52 strains of bacteria were isolated on MRS and MC medium and 46
strains of yeast were isolated on YGC medium. Through the analysis of bacterial 16S rDNA sequence and fungal 26S 1D-
NA D1/D2 compartment sequence, 52 strains of bacteria were classified into 7 genera and 11 species. They were Ente-
rococcus durans, Enterococcus faecium, Bacillus tropicus, Bacillus cereus, Bacillus paramycoides, Pseudomonas hellert,
Lactobacillus paracasei, Lactobacillus gallinarum, Enterobacter hormaechei, Streptomyces microflavus and Staphylococcus
epidermidis. 46 yeast strains were classified into 8 genera and 9 species. They were Yarrowia lipolytica, Candida zey-
lanoides , Pichia fermentans, Pichia kudriavzevii, Guehomyces pullulans, Wickerhamomyces anomalus, Kluyveromyces
marxianus , Issatichenkia orientalis and Saccharomyces cerevisiae. In this study, the microbial resources in traditional fer-
mented dairy products in Tashkoghan Pamirs were analyzed for the first time. There is diversity of microorganisms in yak
milk fermented milk products in this area. Further in—depth research and excavate are needed.

Keywords Pamirs; high throughput sequencing; yak milk raw cheese; microbial diversity; molecular identification



