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Abstract: [Objective] Horse milk has a high nutritional value and a unique flavor, which are closely related to its
complex microbial composition, and different geographical locations and climates will affect the microbial
community structure of horse milk. This study aims to explore the effects of different geographical locations on
the microbial community structure in horse milk. [Method] Metagenomic technology was employed to analyze
the microbial diversity of 14 batches of horse milk samples from 3 different regions in northern Xinjiang, and the
functional genes were excavated. [Result] A total of 26 species of microorganisms were identified, belonging to 9
phyla, 14 classes, 25 orders, 28 families, and 45 genera. The dominant species were Lactobacillus helveticus,

Acetobacter pasteurianus, Lactobacillus crispatus, and Brettanomyces bruxellensis. There were 11 common genera in
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the samples from different regions, with the dominant genus being Lactobacillus and the dominant species being
L. helveticus, while the relative abundance was different in the samples from different regions. Compared with
fresh horse milk, fermented horse milk showed increased relative abundance of Lactobacillus, Acetobacter,
Lentilactobacillus, and Brettanomyces, and decreased relative abundance of Streptococcus, Terrisporobacter,
Staphylococcus, Enterococcus, Campylobacter, and Klebsiella. The annotation in the KEGG database revealed
23 547 genes, which were involved in carbohydrate metabolism, amino acid metabolism, translation, membrane
transport, energy metabolism, nucleotide metabolism, and cofactor and vitamin metabolism. The annotation
results with the eggNOG database showed that the bacteria in horse milk contained abundant genes related to
replication, recombination and repair, carbohydrate transport and metabolism, amino acid transport and
metabolism, etc. Glucoside hydrolase genes (12 155 454) and glycosyl transferase genes (1 130 442) were
abundant in horse milk bacteria, followed by auxiliary activity genes (184 638) and carbohydrate esterase genes
(465 134). [Conclusion] Different geographical locations can affect the microbial community structure in horse
milk, and the microbial community structure varies among different types of horse milk.

Keywords: horse milk; metagenome; microbial diversity, functional annotation

AR, AATTORS FL i B8 FR ROk By, 5 4 I P DNA J ke, i & 3L 14 L B, O

AHE R MM L. DAEGHENRK R
T TR BT 2L B 0 AR SR PR B R 4 21 Hens
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£ 5K A & W) i VE B HUE B2 CAZy (carbohydrate-
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PHERGEENDIREREEER.
1.2.5 %t 447
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1466077, LA EBHERIE V4 RN ERMESH
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Table 2 Sequencing and assembly information of metagenomes

FF i JE R e 1) () 5 T A 0,0 L 1/% T4 5 51 5 /% =3l Nso/bp Nyy/bp
YL-T-X 65 094 856 96.19 99.69
YL-T-C 41 693 992 96.39 99.70
YL-T-S 44510 590 95.94 99.70
YL-N-X 60 138 178 96.62 99.69
YL-N-S 51378278 96.46 99.80
TC-Y-C 55652 582 96.59 99.71
TC-Y-S 62 763 680 96.12 99.71
1534 935 1089 570
TC-T-C 68 549 384 96.64 99.69
TC-T-S 73 822 540 96.74 99.69
A-TRH-X 56 070 036 95.92 99.71
A-TRH-C 65 464 228 96.67 99.70
A-TRH-S 50219 268 95.97 99.71
A-Q-C 58 177 044 96.55 99.70
A-Q-S 56 805 788 96.08 99.71

T« NsoCNoo ) 15 58 45 T 2 B AR 1 910 4 K BEHE PP, K /N 38— R 48 2 i 91 B I BE A, 34T R0, 2412 RO 26 — OB ol e 4 s

JE 50%(90% ) IR , 43 4 £ 84 Fe 91 1 i i

22 SIAMEMEESN
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(bacteria) 7 F #5751, 4 98.52% ; BL i (fungi) 7 1.39%;

1 H Carchaea) 195 25 (viruses) 5 EEAS /2 0.1%
MCFT RSB 119 14 HUFE & P 3t 55 0 W 26 A AR
ML, ETor114425 H 28R 45)8 . 7ETTKF
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(Enterobacter)5.24% . +- {1} I J& ( Terrisporobacter)
2.86% 7 %] BK B J& (Staphylococcus) 1.91% 55 Bk 7 &
(Streptococcus) 1.87% v, & 1A X W J& (Klebsiella)
1.86%  F7 15 B2 AT 141 J& ( Citrobacter) 1.48% 3L Bk 14
J& (Lactococcus) 1.26% % Wi # B J& (Campylobacter)
1.20% , 5 0 5 1 J& D9 FUAT 1 )

TEFP K b L 5 5 26 FhAAE W, A = i
KW R4y Bl 2 ¢ B P B (Lactobacillus
helveticus) 54.26%. += il #F (Terrisporobacter
othiniensis) 2.86%. [ X B W AT B (Acetobacter
pasteurianus) 2.20%- fh 8] A ZQEJP # O W
ERER Eﬁzﬁ
B (Lactobacillus crispatus) 1.19%. # & ¥
( Brettanomyces bruxellensis) 0.78%. I 40 A %
5E A ) FUAT TR CRE O 32 5 2.56%)  FLIR 1 & (AH
X 0.56% ) i AT B Ja CHRL X 32 5 2.56% ) (R i A&
Y, AT RE S G R B B S FLRE R B AR
A

(Staphylococcus pseudintermedius) 1.64%

77K -F b 84 Bt A 4 84 A0 3 3

Relative abundance of microbial phyla
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iy X TR B )T AP 347 40 A, T 260 Bl 481 2% [X
KA BIFE i B AR B T T T oA T B 1T T 5 3k [X
G AL b X R B B P A P A B T 3 D IR R T
1, W3,
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Table 3 Relative abundance of microbial phyla in the horse

milk from different regions

) AR 2 /%

' il ) ¢ I A
JEEER ] 40.18 94.20 89.99
BIEI] 56.70 233 7.28
e 1.29 1.29 0.33
TEE 0.40 2.40 1.55

EH % 4 1] 1, Bf 80 2 1 DXRE A SRR I # 26
J& 5 B A B R JE O FUAT B R CHE X = B 30.87%) , 3
R He B T B CHHG 2 1 21.47%) S I 4 1 8 CHE X =R
£ 14.60%)  FLEK B B CFH XS 3 B 3.24%) . H5 4 th
DB it A I 2 27 A8 A 55 R JE 9 FUAT RS
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Table 4 Distribution and relative abundance of microbial genera in the horse milk from different regions

i HAXT =F B 1%

b 4 2% I A
FLAT B & Lactobacillus 30.87 87.65 68.65
¥ FLAT 14 )8 Lentilactobacillus 0.67 0.88 0.74
Lactiplantibacillus 0.34 0.83 0.68
Lacticaseibacillus 0.22 0.75 0.60
Ji BR1 )& Pediococcus 0.30 0.44 0.37
R J& Oenococcus 0.23 0.23 0.25
Limosilactobacillus 0 0.62 0.27
Loigolactobacillus 0 0.23 0.17
Fructilactobacillus 0 0.17 0
Levilactobacillus 0 0.13 0.14
Companilactobacillus 0 0.12 0
Ligilactobacillus 0 0.07 0
Latilactobacillus 0 0.06 0
55K B & Streptococcus 2.70 0.10 2.46
FLER W )& Lactococcus 3.24 0.14 0.19
H BR & J& Enterococcus 0.30 0.23 0.71
ZF 1 F TR Bacillus 0 0.15 0.16
F YRR Listeria 0 0 0.28
h B 8 Halobacillus 0 0.06 0
] % BR 14 J& Staphylococcus 0 0.13 5.16
LT & Terrisporobacter 0 0.15 7.80
Clostridioides 0 0 0.14
1§ B J& Acetobacter 21.47 1.87 2.18
Komagataeibacter 0.55 0 0.33
W FE 18 8 Gluconobacter 0.28 0 0
W AT 4 J& Enterobacter 14.60 0 0
¢ AT 1 )& Klebsiella 4.64 0 0.53
Fr 15 B AT 1 J& Citrobacter 4.15 0 0
12 75 RN W & Escherichia 1.17 0 0
WITIKRE & Salmonella 0.87 0 0
A1 JE Acinetobacter 1.94 0 0
Sy v i (R & Moraxella 0.19 0 0.39
W& IfiL AT B & Haemophilus 0 0 0.21
i 6 )& Pseudomonas 0.94 0 0
5 WL 1 )& Stenotrophomonas 0.80 0 0
il AT B JE Campylobacter 0 0.08 3.21
P KW & Rothia 0.76 0 0
Kocuria 0.19 0.07 0
Chlamydia 0 0.43 0.31
XL FF T & Bifidobacterium 0 0.12 0
P53 B AT B & Mycobacteroides 0.26 0 0
& HFF 1R J& Chryseobacterium 0.25 0 0
Tannerella 0 0 0.14
P ¥ % B} J& Brettanomyces 0.38 2.14 0.13
o 4 Y [C B R Kluyveromyces 0 0.21 1.37
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27.73%- B K & #F B (Acetobacter pasteurianus)
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i (W #F B (Enterobacter asburiae)1.95% < FL R FL
R B (Lactococcus lactis) 1.44% . 53 [X LA H
26 Ff o £ 5 0 95 B R O B PR B 78.42% T
7 B B} (Brettanomyces bruxellensis)2.11% 45 i FL.
R A ¥ (Lactobacillus crispatus) 1.79%~ 2 FL 1 Ff
A B (Lactobacillus kefiranofaciens)1.39% - B [
M AT B8 0.92%. AL 3t X L 4Gt 26 A 2B L 1
Hw A O IR LA E 61.48%. 1 1 AT
(Terrisporobacter othiniensis) 7.80%- f§ /1 [&] 4 %
%] BK B (Staphylococcus pseudintermedius) 4.47% -
&M AR W 1.39%. 9 v i v B 4k 1 OB
(Kluyveromyces marxianus)1.29% o

3 i X R A F A i o i D10 A A 2 D B L
FEEH e A A XA F AR ZE . RT3
Hh e AR T R R AR R A 2 BRI P B AR
AR, AHIE T A B R R 45 S AT B T SR A
T, Ul W LA TR AT B S LR L R

PCoA (principal co-ordinates analysis) & — Ffi fiff
5 s AHARL 1 B ZE R 4 Y T ARAL U7 % il 0 PCoA
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AT R T Bl E B R AR B R ME B AT BE
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8L, AT BLSR S — 2 5 85 3 b [X R0 B AL XK 4R 1) 1
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FEORE 3= B2 v T 65 55 3L, AR TR 11 1 A 6 = BEAIC T B
L

15 J& 7K P b, EE By L 3 e 5 Lt fE e, AL
R0 R TR AT B AR S
FRI JE8 AF G = B2 38 I, T BE K B R L R R L
HEREE GEREE ST EE . A KRR R
S LA B0 M 0 B R AR R R . 3RS AR X
FEHT 10 4 1 JE AL

FEMK b, 56 DA E, KR53+
FUAT B IR B AT B PR S 3G 0, HoAR S FE EE XS . 41
I, YL-T-X 8§ 5 FUAE i b JUAT B O0F B £ FLAT
B, 00K B 48 h ) YL-T-S A i o 3L FF B il 25 1
I, B 452 il LR AT B 5 L R LM RO A
BRE A, B3 b JUAF A EEE RS 0. A B 6
AP &R - BEFEURMENRAEY, B LA
B O o ) R R A BR B L 4 PR €0 ] AT BR B . I BE BR
W&, MRRMENEERE T AHFNdEr L2
Y RUEZ S AN R N 2 (U Sl R T e S DR S ]
Ry L Hh X S B0 AR ) AE N S BT B Bl
FERO, iR &M KB R 1T, pH IR (K2
R EBES R ETL. RO SIAMEKES
FLH0 53 TR P AR X = BEBh A A .

25 INEEETR

DAESEARAE KM EMES TR,
A )k AR 0 AT G AR X ek S I R A TR
INF 40 AE 0 e e A 1K) D g R AT A 2 TR ROIR S W R A
PR PR 9 B, BRT O o) B2 5 9 2 1 5 AN B 7K Ak & 4
AU T g B DR I B A i B B B
25.1 KEGG#feiz#

FAETU R 2 R % 5 KEGG £0# & 3k 47 X e,
A7 23 547 D AR L I BGE RS, 20 )& T KEGG il
FE 6 KK 46 > KEGG il i# 1 , 43 1) 52 8 R AX i (me-
tabolism) « A\ 28 %% %55 Chuman diseases) « 4 iy & 4t Cor-
ganismal systems) - 4fl }fd it £ (cellular processes) « ¥
55 {5 & &b # (environmental information processing) -

19 A5 45 5 4 #E (genetic information processing) -
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PCo2 (16.1%)

R*=0.38, P=0.001

03 0
PCol (34.2%)

0.3

B2 #KP LB A S PCoA £ L ARNAT
Fig.2 PCoA of microbial species

®5 B ABDIEREANEE
Table 5 Relative abundance of microbial genera in fresh and

fermented horse milk

FRXF = /%
W&
YL-T-X YL-T-S YL-N-X YL-N-S A-TRH-X A-TRH-S
FUAT B ) 3.84 8621 7690 92.13 0.10 59.46
i 1 073 608 053 0.86 0.20 21.73
BT E 0.04 115 045 0.77 0.20 0.88
A BB 004 044 0 0.19 0 0.44
R R 1090 0 129 0.06 5.15 3.62
LT E R 3469 0 4.15 0.03 0.15 0
WEEREE 0 23260 009 229 0.07 0.13 0
25 it FF R 1427 0 1.68 0 0.11 0
SEAIREER 244 0 020 0 10.25 2.57
i R 15 e 2.46 020 048 0.20 0.21 0.15

Xof AR I B AH G R R B T — 2% KEGG VERE, &

B 7 R RIBH P B £ (110 KEGG i i, W& 3.
43 9 N 4 Jey B AT AR W 1] (global and overview maps) «
fitk 7K Ak A W) A% 1 (carbohydrate metabolism) 2 & g

ﬁ i Camino acid metabolism) 115 i #£ (translation) «
% 12 % (membrane transport) . A& & 18 ¥ (energy
metabolism) 1% 1 2 18 % (nucleotide metabolism) - 4
B A 0 4k A 2 1 A B (metabolism of cofactors

and vitamins) . & il 112 & (replication and repair) .
JIg 5 A (lipid metabolism) . B& YL-T-X 4, A~ [6] #s

X AIAS A L 2K R — 2% KEGG 1R B4 Rk A
BEES
2.52 eggNOG $#( 4 FE iz %

KER S P HESHF BB H EHAMm
1& & (replication, recombination and repair) - fik 7K
1k & W 32 iy A1 AR F T (Carbohydrate transport and
metabolism) 2 % i 12 £ A1 A #f (amino acid trans-
port and metabolism) « J¢ Hl & F iz i A1 4% i (inor-
ganic ion transport and metabolism ) &5 A 5¢ 2 [] .

WA AN FMERSGRIEES . AF

b DX R D REVE R B0 S i RO SR A B R — B, R
2 BN . SR S R FLA L, B

A KBS EHIMEE R FEEE D
253 RS Y E AR ERE

CAZy 72 T /K Ak & 03 Y g AH 56 1) &k 2048
JE 5 N2 60 37 RE M A B K AL S W R R L A8 e DA B AR
VG AR R R a5 FES K H
/K fi# i (glycoside hydrolases, GH) . ¥ 3t #% £ i
(glycosyl transferases, GT) % ## 24 fi# I (polysac-
charide lyases, PL) #l #f % [ig fi# B (carbohydrate
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Table 6 Relative abundance of microbial species in fresh and fermented horse milk

. FEXF = BE /%
I il
YL-T-X YL-T-S YL-N-X YL-N-S A-TRH-X A-TRH-S
-0 FF B Terrisporobacter othiniensis 34.69 0 4.15 0 0 0
{hy v [] 84 78] % BR 1 Staphylococcus pseudintermedius 20.34 0 1.95 0 0 0
4 B (0] % BR I8 Staphylococcus aureus 2.38 0 0.28 0 0 0
1fiL 5 ¥R 18 Streptococcus sanguinis 7.47 0 0.77 0 0 0
Mycobacteroides abscessus 0.13 0 0.07 0 1.08 0
Klebsiella pneumoniae 2.43 0 0.20 0 3.09 0.44
Fitt L FLUAF W Lactobacillus helveticus 3.45 76.49 69.74 82.74 0 44.40
25 i FUER #F 18 Lactobacillus crispatus 0 2.29 1.12 1.69 0 0.76
Iy LI FE AL AT B Lactobacillus kefiranofaciens 0 1.23 1.07 1.39 0 0.9
B} F A Lactobacillus gallinarum 0 0.78 0.55 0.68 0 0.49
Lactiplantibacillus plantarum 0 0.80 0.42 0.67 0 0.48
S WE B ER 1 Pediococcus pentosaceus 0 0.26 0 0.21 0 0.32
Acetobacter malorum 0 0.39 0 0.33 0 1.79
L RS R AT 1 Acetobacter pasteurianus 0.38 1.96 0 0.29 0 5.75
iP5 77 1% B} Brettanomyces bruxellensis 0 0.44 0 0.13 0 0.44
80 T ZRKEGGIH %
|others
m lipid metabolism
— - replication and repair
| = o] - . L [ metabolism of cofactors and
60 - B == Lo - - - - nucleotide metabolism
g = N - = = - . W energy metabolism
B = [ m - i — [ m membrane transport
G4 ] = B | R ] m translation
i“: 40+ ] [ | B - amino acid metabolism
e . || l = . l l M carbohydrate metabolism
z . . . . . . . global and overview maps
20
o LI

PR e e G

R TR

S WL oL
p PP e R SR Nalys
NN @’% KRS AR AR CAR\Vf vﬂ“g\?ﬂ“&bﬂ‘* SR

S
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