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Bacterial diversity of fresh mare’'s milk in Xilingol
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Abstract: [Background] The traditional koumiss is naturally fermented by fresh mare’s milk, and the
quality of koumiss is greatly affected by the bacteria in fresh mare’s milk. However, the microbiota
composition in fresh mare’s milk was rarely investigated. [Objective] In order to explore the microbial
variation from fresh mare’s milk to koumiss, microbial diversity of fresh mare’'s milk was investigated, to
provide areference for the industrialized production of koumiss. [M ethods] Six fresh mare’s milk samples
were collected from herdsmen families of Xilinhot in Inner Mongolia, China. The bacterial full-length
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16S rRNA gene sequences in all samples were sequenced by PacBio SMRT sequencing technology to
analyze the bacterial composition and diversity. Meanwhile, the structure and diversity of bacteriain fresh
mare’s milk and koumiss were compared. [Results] The results showed a large number of lactic acid
bacteria was detected in the fresh mare’s milk such as Lactococcus lactis (12.43%), Lactococcus garvieae
(3.53%) and Leuconostoc mesenteroides (1.77%). In addition, some opportunistic pathogens were also
detected such as Cronobacter sakazakii. Compared with koumiss, the bacterial diversity in fresh mare's
milk were significantly higher, and Lactococcus lactis and Lactobacillus helveticus were found both in
fresh mare’s milk and koumiss. In fresh mare’'s milk, Leuconostoc mesenteroides correlated with
Lactococcus lactis and Lactococcus garvieae positive, negative related with Aeromonas hydrophila, which
implied lactic acid bacteria may suppress pathogen bacteria during the fermentation. [Conclusion] During
the fermentation of koumiss, the growth of lactic acid bacteria could inhibit pathogen bacteria, decrease
the bacterial diversity and improve the quality of koumiss.
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() EE 1] 42 0T B B )RR A 2 20 Dt R 10 A 41 4
(FAO/WHO)HEF L1 (1:1:1) . HeAh, Dhis HoA
vE SRR, SRR, BKORHE . PR RIS
REMERTA, KILR, B 5 R A T e
3 K F AR RR Ty . A e s

VERN—FIEGE R A SR K BEZL S, TR v 28
S WE Y IR AR AR 4l R

1% F. #F 14 (Lactobacillus casei) Fll #. & 3L Bk
(Lactococcus lactis) & 1% X iR 7 vh {4 i 1o

SRR EOAR SRR Y R AP A o B AT B
FEIE AR T A B, HONRRAR LS 1 i /s R
Wb UEE Z e BEE 2R A 2 Ee 4
AT IR B 5% A B 4 TR AT IR S W i A ) 2 6
e T g o Li 20O ] PacBio SMRT 4 A
RINER S v FURR W A Z AR AR AR ey, Horp
it -1-FLATH (Lactobacil lus hel veticus) {1 34 &
A A 2 IR 5 7% v 5 v B A0 IR T (Kl ebsiella)

Bl 7L 53 56 Bk 14 (Streptococcus  parauberis) & 45115
G TR o BE TN BB 2 A e AR,

o i T % BT R T P — SR R R O PR T

QTR IH 58 2K T (Leuconostoc citreum) . 2875 FQFLET

I (Lactobacillus parabuchneri) . Lactobacillus otakiensis
T BTU BRI, BT H FE L
PR TR S, [EL U R A A R B, DL
TE S K AR R Al AR AR, AT TREAR
1R 58 W2 E 15 2 o A 235 TR 3 U %) £ 5 4 4
ASKEL W) K i B 2R A N, TR AR E5 5
BT (R BRI D) K 1-3 d TR, R
FHINB TR S i R R s, B
fitf Th 7 A A MR R T R R I OG22
—, FFH XTI Wi s A R . SR, HETR T
i Ty F B e M 2 IR A ST 850 . An 261
A FTRE AR T 14 0% B NS i L i )
M ZrErE, B A M 3 2t BT 2
%, A0FE 7 I AR ER 1 (Leuconostoc mesenteroides)
1 i 5 BH B 2k 14 (Leuconostoc pseudomesenteroides)
¥ FC LBk B (Lactococeus garvieae) . FLIERZLER B Fl
BR 73K 1 (Enterococcus faecium)&: . (H I T4l 73
() 5 0T 50 48 7 fi S5 00 ) B R A A
PacBio SMRT (Single molecule real-time)iill J
AR 7% D A 22 B WF 52 SR e, i 2 AR A
H AR ) SR DR TR A VR R — AR TR SR, 4T
W% T AL B A 2 36 Al B 3R 9 19 Jsy BR 2 o i EL
FECT 1llumina, 454 FEBERRSE =l il P HOR
PacBio SMRT HARTEN 7 i F vh Jo iy i#47 PCR 4
B, AL EEE IR AT, R AR R,
AT 20 B A R 7K _E 38 SR S U Y TR S5 4
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AWFFELL 6 138 i YA S R ST 4, SR
PacBio SMRT Ml JF4iAR, TERKF- b4 E R
i TH U DR 284 o [R5 2 R 1 8 AR )
X R S RS M R H R, R ST EE L
P2 A R 22 T 118 DB
1 MR5TE
11wt
111 HSRE

2017 4 6 J1 & 8 J] TH Ak e i B 1 & B
Y—iER) 6 PIRFIRE T 6 i fif DYire
(Z1-z6), 6 PR EEEMRIE, JFHAGH
VECCT IRl — i3, AR SRR 30 mL, HAAR
FEAGR RLER 1R RS & ek AT pH (R E ,
SRIG A 10 mL DNA {53k (Sample protector for
RNA/DNA) . BFE IR A G & TR AR 3 min,
FEIRPRLLT VKV 27 1 5230 %, T-80 °C vK4HR
It
112 FERFIFNEE

Sample Protector for RNA/DNA, Ki#EF4EY)
TFEAMRAHR; OMEGA DNA Isolation Kit,
OMEGA /A7l ; KAPA HiFi HotStart ReadyMix PCR
Kit, KAPA /A ] ; 5XTBE Hi Pk 2% P (Tris s 54 g,
NaEDTA-2H,0 3.72 g, iz 275 g, EAE 1L,
#z1 H@mERE

Tablel Thetable of samples information

Feagns  SRAEETIR] SR
Sample number  Time Site

Z1 2017.06 RSB FE S IR — &
Baiyin Xile ranch in Xilingol

z2 2017.06 RSB FE S IR — &
Baiyin Xile ranch in Xilingol

Z3 2017.06 B AkEREE HE S SIS — &
Baiyin Xile ranch in Xilingol

Z4 2017.08 B ARERE M HE S SIS —
Baiyin Xile ranch in Xilingol

Z5 2017.08 B ARERE M FE S IO —
Baiyin Xile ranch in Xilingol

Z6 2017.08 SRk i 2 1 B Mg — i

Baiyin Xile ranch in Xilingol

pH 8.0), 1.0%MY B b i (1.0 g B R A T 100 mL
0.5xTBE Zz thifk) , R HEEAL 2= 7] A ] . PacBio
SMRTbell™ Template Prep Kit 1.0, DNA/Polymerase
Binding Kit P6 V2, DNA Sequencing Kit 4.0 V2,
Life Technologies /3 ] .

B EEA R .OHL, Eppendorf A1 ; UPV
BRI AG th R2 e, AP ANV A RAF
UK, bt s—AE YR A BR AR o 25y
J6)EE i, NanoDrop /A ; PCR 1% . PacBio SMRT
RSII 57 F-£ , Life Technologies 23] .

12 7%k
121 pHENE

TERFEHL B, P pH I E 6 1 fif

) pH fA .
1.2.2 ESPFH4 ) DNA BB
B 2 mL e TH5RE S, SR F OMEGA DNA Isolation

Kit, Fa¢ B0 BH 45 A B2 oK 2 B 2 5 7 Ik R 4
DNA, FIH 1.0%3Z fEAEE e B UK AU 5550930
JEEETIAGE: DNA B4R . % DNA ZiERF
4 OD26o/ODyg0 7 1.8-2.0, YEJEF AT 20 ng/uL, H.
J BAALAEEE /MK DNA B F-20 °C vk & .
1.2.3 #HE 16SrRNA REEFF|& K 1g

ffi ] KAPA HiFi HotStart ReadyMix PCR Kit

i K 1) DNA 1R #E1 T PCR 71, 16S
rRNA LR F515 49k 27F (5-AGAGTTTGATCM
TGGCTCAG-3)Hl1 1492R (5'-ACCTTGTTACGACT
T-3). ZESIPH A 16 %1 RbRZE (Barcode) LA
X3 & FEhh . PCRIWAKR (B0 UL): 1E. JIm5 |4
(10 pmol/L)#% 1.5 L, itk DNA (<100 ng) 1.5 L,
KAPA Mix 25.0 uL, ddH,O #h & % 50 uL. PCR Jx
W44 95°C 3 min; 98°C20s, 60°C 155, 72 °C
30s, 30ME¥; 72°C2min,

1.2.4 PacBio SMRT =&

PCR F=#¥) % 4lifkJ5 i id Pacific Biosciences
SMRTbell™ Template Prep Kit 1.0 X7 &4 ¢
J% , f#i [/l DNA/Polymerase Binding Kit P6 V2, DNA
Sequencing Kit 4.0 V2 2505 FALIR, HARERE
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125 SREFFIHIHEEL

fdi Tl RS_ReadsOfinsert.1 Xl 545 3] (14 J5 44 )7
AT BT EL ], BARBE R (1) S/ MEFR
WP RECH 5; (2) S/NIAEHE R 905 (3)
I AJF S BE Sy 1 400 bp; (4) e RJFHIHE RNy
1 800 bp.
126 EMEEESH

I QIUME (V1.7.0)F- 5, Xt iy s ik A 7
NG BRI B R PYNASTISMK 1237
WEHESEIG , TE 9T%IARMIE T #E4T UCLUST T
FERN43 432 # 4 5.0 (Operational taxonomic units,
OTU); M OTU Hith 1 #AEEF5, i
RDP (Ribosomal database project) . Greengenes
(V13.8)F1 Silva V128 H#ia & %t H b4 77 51 [ U 14
FeXt, #4483 AR R T EE R E 45 OTU 4
S dfr; (] FastTree st 5L F OTU Fo3etk:
JP AN R 50 & B AR, 22 A A A T
# 1 15 % (Chaol index). & X% Fh % (Observed
speciesindex) . T4 15 % (Shannon index) F1¢E 3 7545
i (Simpson  index) H F PEAk 45 FF & 19 40 1 3= A0
ZHAE

R T 0 M T — i X R 4 5 R T A R R
Z B SREE, e Bl FZ HiAs B BAFI - PacBio
SMRT  F7 A K45 A 530 4y 1 X194 i 5 105 v B e 45 44
el e 25 51 (AB-ESB) .
1.2.7 iR

FIFH Spearman 437 B i T 475 244 1] 2 [8] 4 AH
Xetk, R R H44(v3.3.2)F Origin 8.6 #ftxf

®2 HEHNFFIEEM o SHEMIER

Table2 Sequence abundance and a-diversity in all samples

QIME J7 ARy 45 SRk A7 /3 A AT AL AL ] . A A
FEHPE S B AN B 3R 5C 2 NCBI % 15, )75
5}y SRP142492,,

2 ZRG540
21 54 pH ENZE

6 i S5 pH {E43- 514 6.82, 6.80. 6.74,
7.07. 6.79. 6.76 (bR EE: 6.8310.12), R
TR TEIG pH 290 3.8, B AR I o i
EURE S AL TR R BERAS
22 DR MEE SN ST
221 MEFERITH

6 Py fif Th AT RE B L7 A 38 656 4% TR Y 16S
rRNA LR 781, SE4RAFE i A 6 442 55 (3R 2)
AR FEFIARUE %] 4> OTU J5, 1L458%] 3 789 4~
OTU, FEahHEAR OTU £ L3 2,

SR FH 5 70 1 2 R A T 4 P47 A5 0 e o
EGEG, ZERWE 1R, mE 1A AT, SR
i PR B R R IR TE A5 10, DR b e 25 000 ) o 7
B AT BE R BT R A AP R A, (EE 1B Hr
7 BE I 7 R BE 3 in A AR th 4 L ACE- 5 10, 16
BHAEZ DN P BRI T, B i v A A B 1) 2R T DA
FEAT RN o PRI AR IR S H 200 TR 000 2 0 R S S A )
FECENTRY R . FIH Mann-Whitney U 5 56 %
EUB2RAE S R A ) R R R R ) 25 5, R B
L 45 A R ) Y = 3 AR 45 20 (P=0.014) F1 7 A 45 £k
(P=0.014) & 3 & TR 5y, i B & 15 b i A= 9
A R TR T 5 o AR A 0 ELARI P A
SR o 2RISR 2 PR

Sample  Number of reads ~ Number of OTUs  Observed speciesindex ~ Chaolindex  Shannonindex  Simpson index
Z1 4963 585 481.29 1493.740 6.02 0.94
Z2 5939 551 420.05 935.618 5.91 0.96
Z3 7024 554 373.24 973.424 4.95 0.85
Z4 8 166 717 452.84 1 050.090 6.14 0.96
Z5 7622 673 435.38 1 098.160 6.22 0.97
Z6 5351 622 488.20 1462.770 6.00 0.95
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Figure 1 Rarefaction curves (A) and Shannon diversity
index curves (B)
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FIFCERTET T, 3 AE X & 543 518 5.15%F1
1.25%. TEPIZEFEM T, RESE RN 1KF B AH
X &N 0.1%. PSR E7ET 17K
A BN 2 B

TEATR B K-, 6 17 i Eh gy i A I 3] 152 4~
T, A S KT 1% i@ 46 AT
# J& (Bacillus, 23.44%). FLEKE & (Lactococcus,
18.18%) . ZKZiHFT 1 )& (Paenibacillus, 13.80%) .
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Figure 2 The relative abundance of major bacteria in
fresh mare’smilk (A) and koumiss (B) at phylum level

I T 1 J® (Alkaliphilus, 3.96%) . < 5 )&
(Aeromonas, 3.88%). iX%'ifi i )& (Cronobacter,

3.88%) . /K4 )& (Enhydrobacter, 3.28%). Wi
A ICTR R (3.11%) . & [KTA J& (Rothia, 2.41%).
K T J& (Enterococcus , 2.40%) . F. T H )@
(Lactobacillus, 2.06%). HH & ¥k J& (Leuconostoc,
1.98%) . 1T #i )& (Exiguobacterium, 1.93%). 4
H AT & (Chryseobacterium, 1.71%). E RIBRE &
(Macrococcus, 1.64%) . 1551 ifl 4 J& (Pseudomonas,
1.19%) F1%% EK 14 J& (Streptococcus, 1.07%). iR B3
Hr LAt 25 DNANTEE , H PSR AR
il 42.48%, IR FLEKIEE (36.86%) . HEEK
B JE (9.36%) . i AT 1 & (Acetobacter, 4.9%) . [
BRI I (2.24%) F1L % FC TR (1.13%) 1 F- X A6 5 i
KT 1%, B AE S TERP K- R ARXT 2 B 40 & 3 s .
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Figure 3 The relative abundance of major bacteria in
fresh mare’smilk (A) and koumiss (B) at genus level
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B IR 7 A 74 (C. sakazakii, 3.86%) . M 7K /< Bt T (A.
3.64%) . #% K FL Bk 1 (3.53%) . E
aerosaccus (3.28%). R. endophytica (2.40%). P
barcinonensis (1.92%) . <& fit it /M ¥ W (E.
acetylicum, 1.85%). iz /50 # 2R 1 (1.77%) . M
caseolyticus (1.60%) . 7~ & s & 111 [ 1 (K.
pneumoniae, 1.60%) . i FLBR A (L. piscium, 1.56%) .
Fit & FLAF B (1.51%) . i UE By 2K 2 AT R (P
amylolyticus, 1.51%) . K. oxytoca (1.49%). P
odorifer (1.36%)#1 C. bovis (1.16%). T2 W4 H1{Y
A 6 DTN IHD & E KT 1%, 5L
FFR (41.20%) . FLIRFLEKER (31.2%) | fllFL 5 BRI
(9.02%). M. caseolyticus (2.28%) il R. endophytica
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4 SOMA)FERIYB)EMKEEEZMER
&8

Figure 4 The relative abundance of major bacteria in
fresh mare’s milk (A) and koumiss (B) at specieslevel

ik 5 07 RN R 5 WA it 7E AN TR T AN K ST 2544
FHZERER , B B U e I I LA TR B FLBR AT o 48 X0
e, A — SO B2 A 4H TR, anZE i BRTE (E.
faecalis, 0.25%: 0.07%),

223 OTU KFEEHLEM DT

OTU X F T2 K-k ik & o £
FEPEA AT B T2 X, AR5 E OTU /K
S b X6 i A5 R W R R A T — 2 A b fif
e3P 4 2 150 4~ OTU, IR B ke b rh 3t
£ 10884~ OTU (Il 5). #£ 6 1 fif Th e i v ey
) OTU K 891, Fr )54k 27 186 4%,
sl OTU BB 5 A 4% TP 51401 4.01%
1 69.43%. U 6 i BT OTU & LR
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Figure 5 Frequency of occurrences of OTU in the fresh
mare’'s milk and koumiss
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J& 5 KA 8 2 18 3 17k 56 (P=0.005, r=-0.94),
EL Bk 5 B M TR s & i 2 9 A G (P=0.005,
r=—0.94), SHEEKEEE 5 % 1F A ¢ (P=0.042,
r=0.83). [l 6B Ji&/r T fif i L3l B Al 22 a4
FHRIC R, 25 R i IR o 2R AT 5 4% QLK AT
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Figure6 Thecorrelation of bacterial genuslevel (A) and bacteria specieslevel (B) in fresh mare’s milk

Note: *: P<0.05; **: P<0.01; ***: P<0.001.
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