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Tablel. Samplesand collection place
Sampletype Sample number Collection place
Fermented camel milk Al Alxa Left Banner Aolunbulage
Fermented camel milk A2 AlxaLeft Banner Aolunbulage
Fermented camel milk A3 AlxaLeft Banner Bayanhaote
Fermented camel milk A4 AlxaLeft Banner Aolunbulage
Fermented camel milk A5 Alxa Left Banner Barunbieli
Fermented camel milk A6 AlxaLeft Banner Bayanhaote
Fermented camel milk A7 AlxaLeft Banner Bayanhaote
Fermented camel milk A8 Alxa Left Banner Jilantai
Fermented camel milk A10 Alxa Left Banner Bayanhaote
Fermented camel milk S1 Sonid Right Banner Erennaoer
Fermented camel milk S2 Sonid Right Banner Saihantala
Fermented camel milk S5 Sonid Right Banner Agituwula
Fermented camel milk S6 Sonid Right Banner Saihantala
Fermented camel milk S7 Sonid Right Banner Agituwula
Fermented camel milk S8 Sonid Right Banner Agituwula
Fermented camel milk S9 Sonid Right Banner Erennaocer

14 5 DNA 3#H

R4E E.Z.N.A.®soil 7] £ (Omega Bio-tek,
Norcross, GA, U.S)UiH] 175 DNA Hilifg,
DNA ¥ & A4l £ 71 1 NanoDrop2000 #4746,
FI I 1% e S LUK AG T DNA $2 BUS R
1.5 16SrRNAV3-V4 X ) PCR 18 KI5

2 HUM B DNA fE kBt , LI 338F
(5-ACTCCTACGGGAGGCAGGAG-3) #I 806R
(5-GGACTACHVGGGTWTCTAAT-3) 514, %t
AN 16S rRNA V3-V4 [ A X EATP 48, i
KZ (20 uL): 4 pL 5xZEuhi, 2 ul (19 2.5 mmol/L
dNTPs, 51#1(5 pmol/L)#4% 0.8 pL, 0.4 uL iy
FastPfu 47, 0.2 uL BSA, 10 ng 14z DNA,
#MFE ddH,O % 20 ul., PCR [ Z%k: a 1x(3 min
95°C); b. fEH4x(30s95°C; 30siEkiRE °C;
45s72°C); c.10min72°C, 10 °C {#4f user. i
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i/ FLASH #4417 Bf 4. SR /5 1 Usearch
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RIEEXTFFN#E T OTU 2 i UCHIME # 4
BB A K. Fl A RDP classifier (http:/rdp.
cme.msu.edu/) X} 5 457 S EA T R SRR,
XF Silva $d 2 (Releasel28) ., HLH A Ak i ik
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F Humina 2
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Table 2. Information and sequence abundance of
fermented camel milk samples

Group Raw reads OoTuU Coverage/%
Al 51409 31 99.97
A2 47401 25 99.97
A3 44061 60 99.95
A4 51368 45 99.98
A5 44739 92 99.98
A6 43784 122 99.94
A7 49621 65 99.96
A8 66950 a7 99.96
A10 43978 39 99.98
S1 52123 53 99.97
S2 56663 37 99.97
S5 51682 146 99.95
S6 70823 58 99.95
S7 48508 78 99.96
S8 57790 58 99.97
S9 66074 290 99.98

Rank-abundance curves
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Figure 1. Rank-Abundance curve of fermented camel
milk samples.
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Figure 2. Alpha diversity index of fermented camel
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Shannon #6802 & T A 41 (P<0.001), 1 A 20
Simpson$& i # & T S#H(P<0.001).S#H Y ACE
Al Chaol 8 8UE =T A 4, HEA .3 (P>0.05).
X150 W A 4 PR S L AR U R B IR A 22
S, Hrh S A YIREE T R RIRN 22 Sk
K, MEZHER.
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[FRE AT A WU R VR AL B 25 5 o L R B R
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TEH IR A 25 5

X A i T 4 B 8 6 B R AT o A, PR
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Fis o FARBRIHT R B — . B F K
3SR = o R TTHR AR 3 ) 61.43% . 12.85% 1
8.74%, JLrh W] LIMA WA HH A 411 9 MEASREEALE
—if, PRSI, Uh B AT 3 UG B R B L2 1Y)

Hierarchical clustering tree on OTU level
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Figure 3. Clustering analysis of fermented camel
milk bacterial community.
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3D-PCoA on OTU level
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Figure 4. 3D principal co-ordinates analysis of
bacterial community structure of fermented camel milk
samples.
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Figure 5. Venn diagrams of bacterial OTUs in two
groups of fermented camel milk samples.
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Figure 6. Bacteria community structure of different
samplesin phylum.
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Community barplot analysis
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Figure 8. Bacteria community structure of different
samplesin genus.

1M A ARG R R FUA S MBS R A s, o3
55 87.029%F11 8.26%.
2.35 BXHE (Heatmap &)/ : Heatmap Kl &
DS RER Ve ot 3 e L ARG TN
AN, BIREE YR UG B, SRS [E] S 2H A
ATEA 53K R0 2 B AR i 22 SR ke
M\ Heatmap 25ty 45 R (B QT B, TEE
K- F, A 201 S 414 Lactobacillus, Lactococcus,
Acetobacter .
Pseudomonas. Bifidobacterium 25 & fr (& FL i 58K,
BRI R o IRGERENIE T Beta ZHEAE 70 b
JEIKF-RI 45 R (K 8)o
2.4 HEZERHT

2H [1] 2 S S0 25 P ARG B AR I 15 1) () R 95 R 2
W, 3B AR B GET T B AT ARSI [F] 2H Sk AR
AR R B Y R T 22 5, TR
BER T, PR ISR 22 5 B & . Wilcoxon

Enterobacter . Leuconostoc .

actamicro@im.ac.cn

FRAIRG B 25 R o, TERHKF B 2 A fhe
XU BE IR B LAY A 75 FLA 17 F (Lactobacillaceae) |
] 7 5% @
(Intrasporangiaceae) . J# % (Dermabacteraceae)
N EL R #T # Fl (Oxalobacteraceae) . Family XI o
Clostridiales |47 2 #1422 % (0.01<P<0.05) . H: 1
A LB BERT AR R SR AR 87.0200%
1.0240%. 0%. 0%. 0%l 0%, T S Z4L45FHr i
(1 AH X = B 4K IR O 45.3300% . 28.2900% .
0.0080%. 0.0067%. 0.0060%7/1 0.0027%:

TEJ& 532K b A 55 158 Y T At o 4 0L 0
JE R g AU A TE ZLAT I & (Lactobacillus) . FLERTR
J& (Lactococcus) . Ruminococcaceae UCG-005
w R W R
(Knoellia) . % AR #F B J& (Brachybacterium) .
Pseudarthrobacter . k7K EK 7% J& (Salinicoccus) . 5
FE# )& (Massilia) il Parasutterella 5 [ &1 2% 5
(0.01<P=<0.05, 0.001<P=<0.01)., H:"" A 245 )& fir
i BAR X BEAK YR 87.0200% . 0.9666 %, 0%,
0%. 0%. 0%. 0%. 0%. 0%FI 0%, ifi S %
J&& JT o5 (AR X = BEAR IR 45.3300% . 28.0200% .
0.0211% . 0.0080%. 0.0074%. 0.0067% . 0.0064% .
0.0057%. 0.0050%7#1 0.0047%.

B Bk 1 Fl (Sreptococcaceae) |

Prevotellaceae-NK3B31-group .

3 tib

PSE AL RIETL SRR A . T 3%
B I HETUNIER, RURINE T S R
L REB SR IR R BT R FL R, A T
KEMHAEY TR, MH PR SRR
ROV T2 R 50, R K 10155 R R
LS BE AR AT B R 2 e BT R ]
IR Ly T J2 o 1% P B () A 5 2 4



SRS | fE AR, 2019, 59(10)

1955

Community heatmap

e

POV PP ISR PSP Py

| | |
T [ T 1 Acetobacter
| Gluconobacter

Bifidobacterium
Escherichia-Shigella
Wolbachia

Streptococcus

Bacteroides

norank f Bacteroidales S24-7 group
Veillonella
Ruminococcaceae UGC-005
Ralstonia

Hakomonas

Delftia

Bacillus

Stenalrophomonas

| Prevatella 9

Parabacteroides
roank_o_Cyanobactoria
Sphingomonas

Acuatacterium
[Ruminococcus|_gnavus_group
Feacalioacterium

Alistpes

Megamonas

Subdoligranulum

Blausa

Brevundimonas

Ounvltecter

Staphylococcus
Corynebacterium 1

Koclgia

Propioribscterium 3.5
Actinomyces

Enhydrobacter 3.0
Aeromonas

B Rothia 2.5
unclassified f Enterobacleriaceae
Enterococcus 20
unclassified f Streptococcaceae ’
Lactobacillus

4.5

[ 4.0

Pseudomonas
Acinatobacter
Paoultella 0.5
Serratia

Lactococcus 0.0
Enterobacter

Leuconosto -0.5
M unclassified o Lactobacillales
Macrococcus

we

B9 BRGHABHUKEAE(BKE)
Figure9. Heatmap graph with phylogenetic tree (genus level).
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Wilcoxon rank-sum test bar plot on family level
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Figure 10. Wilcoxon rank-sum test or Mann-Whitney U test on the family level of fermented camel milk samples.

Wilcoxon rank-sum test bar plot on family level
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Figure11. Wilcoxon rank-sum test or Mann-Whitney U test on the genus level of fermented camel milk samples.
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Application of 16S rRNA high-throughput sequencing for
comparative study of the microbial diversity of traditional
fermented bactrian camel milk from Alxa bactrian camel and
Sonid bactrian camel

Na Zhuo!, Li Yi'?, SinaHao®, Tu Jirimu*?*

'Key Laboratory of Dairy Biotechnology and Bioengineering, Ministry of Education, Inner Mongolia Agricultural University,
Hohhot 010018, Inner Mongolia Autonomous Region, China
2 Inner Mongolia Institute of Camel Research, Badanjiran 737300, Inner Mongolia Autonomous Region, China

Abstract: [Objective] Traditional fermented camel milk is a valuable source of food for people living in the arid
areas, and it is often used to treat a variety of disease with good effects. Its nutritional and medical functions are
closely related to its abundant lactic acid bacteria. However, the studies of bacterial diversity of fermented camel
milk are scattered and the amount of available data are still limited. Therefore, it is necessary to explore the
microbiota composition and diversity of the traditional fermented camel milk. [M ethods] We sequenced the V3-V4
region of 16S rRNA genes in fermented camel milk of Alxaand Sonid Bactrian camel by Illumina Miseq platform,
and the microbiota composition and diversity were compared and analyzed. [Results] The results of Alphadiversity
showed that the fermented camel milk from Sonid has higher bacteria diversity and microbial community richness
than those of Alxa At the phylum level, Firmicutes and Proteobacteria were dominant in both of them. At the
genus level, Lactobacillus and Lactococcus were dominant in Sonid samples, Lactobacillus and Acetobacter were
dominant in Alxa samples. In addition, we aso found some foodborne pathogens and environmentally
contaminating bacteria, such as Enterobacter, Raoultella and Leuconostoc. There were significant differencesin the
types and dominant bacteria in fermented camel milk in different regions. [Conclusion] These results provide
insights into the microbiota community and diversity of traditional fermented camel milk, and also lay the
foundation for screening dominant bacteria and excavating new probiotics in the further studies.

Keywords: camel milk, microbial diversity, 16S rRNA high-throughput sequencing
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