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Sequencing and Analysis of MicroRNAs in Bovine Milk Exosomes

SHANG Jingwen, CHAI Yuxia, CAO Xueyan, YUE Xiqing, YANG Mei*
(College of Food Science, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In this study, density-gradient centrifugation was used to extract bovine milk exosomes, and the small non-
coding RNA (sRNA) in the exosomes were sequenced by Illumina sequencing technology to explore the expression profile
of bovine milk microRNAs (miRNAs). Through quality control of the original sequence, a total of 3 899 629 pure sSRNA
sequences were obtained, and their length was concentrated at 28 nt. By comparison with the database, 61 known miRNAs
and 346 novel miRNAs were identified. The results of gene ontology enrichment analysis showed that miRNAs from
bovine milk exosomes played a critical role in various biological processes such as cell process, single organism process
and metabolic process. It mainly consisted of cells and organelles and was mainly involved in molecular functions such
as binding, catalytic activity and transporter activity. The results of Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis showed that the known miRNAs and the new miRNA target genes were significantly enriched
in pertussis (ko05133), chemokine signal pathway (ko04062), endocytosis (ko04144), lysosome (ko04142) and other
pathways, and bovine milk exosome miRNAs played an important role in specific signaling pathways.
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PRmiRNA IR R AT AL F W R B

AR FE R F 5 0 B 18 OV 3R A FL AN b AA .
Ry BRI AT S . MR LA AR gm /N
RNA (sRNA) BB SCFE, F A Muminail] 575 A 547 24F
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X - FLmiRNAI N BEMEIR N T, B 7E A LA FL 3R
BAH)) ) LT 7 FUR RVE FRAN TR ATT R SR 4 (1 R SR

1 ME5EHE

1.1 MRS
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BEATIOAT o FESEBO TR AL AEARBEN L A3 4, REdREA
REIIS, DAHBRAMAEZE 5

HiSeq XX 7 &+ Truseq™ sRNAF: i il & 7 &
% [HI1lumina/A #; 6% Novex TBE#EKE . TRIzoliRk 5]
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12 A 5wRE

FR-10008 Bt B 0t &Rt BigE BB IR
~w); JYG00CHIE ik AX  ALRUH BT ik e

AIRAF: ND-20008 % 4b- 0] Wasreu vt Light
RA#]; wonbio-967 &l mAff BE4 ik JiMAAEMEL
HAWRAF; 210084 aiic EEZREEREHA R
AT 5424RBVESOHL SE[EEppendorfA F .
1.3 ik
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2 YR bR 25 KBRS R AN e 2. R S VR
12000X g 4 C &30 minkbHE, F i 8 8% 2= B R 43 1)
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FE50 Hz. 10 sz fF FOFEEFE S, W01 000 pL i
TRIzoliAF 5 FE MR &3 5), U200 pLE GRS,
13 000X g. 4 CELr15 minkbH, MBI LG
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BB VEAL, B 18 FH Agilent 210025453 BT AP RNA 58
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Fig.1  Morphology of bovine milk exosomes observed by transmission

electron microscopy
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7374585 %

#1 PILSRNAJIRIPEE RS
Statistical analysis of original sequencing results of bovine
milk sSRNAs

Table 1

i FrolEu% AL 4/bp 0:/% 0./%  GC5E/%
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Table 2  Statistical analysis of information after quality control of

bovine milk SRNA sequences

2 awrg - AN <18 ntfFd >32 ntfg
il % BAAubp ik ik P
44 3899629 95184252 460 5104831 2269754

VE: <I8ntUFAIML. >32 ntF AR IFER N T 18 BRI T 51 4 KR
KT 32 MR 9145

WA SRNAAC B 43 A7 18 D0 A B TR IsRNAFISE,
miRNAKE F 5 JE21~22 nt, siRNAKE T3 224 nt,
AT G AE R B A 5 A sSRNAK BE AT #E 4T S i, 45
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Fig.2  sRNA sequence length distribution in bovine milk
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Fig.3  Statistical results of base preference of sSRNAs in bovine milk

2.3 sRNAFFIHI IR

85 FH B R fam 045 2 X6 sRNA 2 e R .
F3FR, FEEFLANIAAS 899 629 45415 sRNAF 4 1,
2 814 816 2k J7 41 5 %048 FE LU e oy, S5 Lh e 3y e 451 Sy
72.18%. 4 F.HsRNAFF10FErRNA. miRNA. %1
/NRNA (snoRNAs) . snRNA. tRNAZE, rRNAK&Z 2
2459893 %, Fidithfls R, 463.08%.

£ BRrRNA. snRNA. tRNAZEHEE AImiRNA 741
Ji, FIRMSRNAT IS 225040 AT IS, B R
B9, HEE367 822 4 fera bRy taik [, 192375 %
FEAILERT R, 5 EE52.3%

#3 EILAMUEA T sRNAJE S O 51

Table3  Comparison of SRNA sequences of exosomes in bovine milk

eyl ERlS %
PRy Ik 3899 629 100

Ll X e oy 3 4 2814816 72.18
rRNA 2459 893 63.08
tRNA 53766 1.38
snoRNA 45730 1.17
IncRNA 31232 0.80
snRNA 30 846 0.79
miRNA 20027 0.51
HoAth 173 322 6.1

24 CAImiRNAR % E SOBrmiRNA T

WF 132 FsRNAF I B 214K H, %52
A I K P 20 A 8 P, B RS A4 FlmiRNA S
miRBase#(#& % C(http://www.mirbase.org/) FFmiRNA
HAAR B i AR 7 AT ELX 5 4 FL AN A miRN A #E
ITH5E . AN WAETILLE ERN61 Fik#AmiRNA,
MBEIR2 037 . HRATN, A4FLAMMA RIS E
KF5 0001 EAmiRNAFE A 27 Ff. B4R CEImiRNA
ML ERE, H—-%miRNA 5 TmiRNA
FEW AL, 3 FMPRIE &R E MmiRNA (let-7a,
let-7b. miR-1246) & 5 SR 1161.46% .

1E CHImIRNA H let- 75X iR . #F Rk, let-7a. let-7b.
let-7c let-7d. let-7e. let-7f\ let-7g¥JHE K H, 45
Rlet-7at5let-7b, HESyHIN641 55329 %%, RKIEEI>
5°4323 900.96, 166 245.58. [A]— F e 7 (12 5+ R ik
ARSI PR T H TR R AT B ler-7HE DR — T i JEE AR
ImiRNA, IThRES 2 F0zh ) i 40 i fr ds ALK & R A
S22 yun PR i TluminaB R XA 45 WIS K
AFmiRNAHEAT 74T, K Ibta-let-7a-5p 5 bta-let-7f{E -
WIAE A T ILE BB #ERE . @i 3 2 Ak
miRNAW T & Bllet-75 i th 5 35 2381, Bk 5 hiler-7
FIEn R 5 A EAY R AHEEHA K.

miRNASRYE T HA bR B R LM mr ik, FIH L
R I miIRNAR R 54808 . AR EIsRNAE 2
ZRAREE LN, HrmiRNAJFFI %5 Hi346 F, SEEN
41319 %, RFILEN1422233.67, 456 FrmiRNAF 4
k100 4, HrmiRNAR TS 1 2FmiRNAJT 5
BN EHE . XEFmiRNATAES 5 T 5 AL 7% R
GAHKRIIEAE, JFRe B RX LR 1E, HrmiRNAAY)
S UIReIL T E i — I

F4 PRI RE EK TS 000/ CRHImIRNA 55 i

Table 4  Statistics of known miRNA sequences with expression levels
greater than 5 000 in bovine milk exosomes
miRNA Kok RiLE
bta-let-7a-5p 641 323 900.96
bta-let-7b 329 166 245.58
bta-miR-1246 282 142 496.21
bta-miR-25 68 34360.79
bta-let-7f 66 33350.18
bta-miR-12034 62 31328.95
bta-let-7¢ 45 22 738.76
bta-miR-19b 43 21728.15
bta-miR-92a 39 19 706.92
bta-miR-2285t 35 17 685.7
bta-miR-191 29 14 653.87
bta-miR-141 24 12 127.34
bta-miR-10174-3p 20 10 106.11
bta-miR-23b-3p 20 10 106.11
bta-miR-103 17 8590.2
bta-miR-23a 17 8590.2
bta-let-7g 14 7074.28
bta-miR-574 14 7074.28
bta-miR-1260b 13 6 568.97
bta-miR-107 12 6 063.67
bta-miR-19a 12 6 063.67
bta-miR-6518 12 6 063.67
bta-miR-423-5p 11 5558.36
bta-miR-93 11 5558.36
bta-miR-146a 10 5053.06
bta-miR-484 10 5053.06
bta-miR-877 10 5053.06




XY TR 2ooitl

= 2023, Vol.44, No.24 109

2.5 HEFERIGOThREME T
SFmiRNA#EIE R #E 47 GOTh Bt B & 1 & S o #fr, 7]
LU BmiRNARE L K (¥ D) e S5 O, E— 20 TR IX
HemiRNADIREER . WE4pR, EAYERZERC
HImiRNA S HmiRNARZ 54 fuid 72, 51— Wikt
. G, EMRTEERE, HiXsE SLHEr
— 8, AFEmiRNASEI R AR RGOS H AT bt 1R
L. —FBEMMEFERH R E, 4428 %CM
miRNAVERE B R S6 H, T i Ll 16.8%, 6764 2%
FmiRNAVERE B FE 24 H BT LL1916.9%

A

016.8% it

m 14.59% f—AYALFE
013.15% AR 2

m11.75% AW

B11.1% AWt fe s
W8.38% MR N

0628% 155

B6.25% Rk

06.03% ZAMEYRTRE
W5.65% N4 ZE AR A IR A Rk

016.9% 4ifid 2

W 14.62% MYt

o 13.43% Rt E

m11.7% YR

0 11.03% Y FEIE

m8.3% B

06.16% {55

B6.11% &tk

06.03% Z 4Ly
m5.73% éﬂiﬂﬂéﬂ,/\jiﬁi*@@éﬂﬁi

A

AAFLH EAIMIRNA; B AFL A miRNA. FIE.
4 PFLmiRNAGEIE AR Yool B2 i BE % H 56
Fig.4  Statistics of annotation entries of milk miRNA target genes at

the biological process level

WESsSHR, 9 7R EHCHmiRNA S H
miRNABER R A it BizEAEt. 55
FERARIETE . I TAERERIE S H . B WTES A%
HHbi %, 3693 4 CAmiRNAVERRZ % H, B
A9 947.72%, 5610 S miRNAVER R 25 5% H, Frib
et 947.35% . tnEl6pTR, FE4H AL Z TH 2 AImiRNA
H¥miRNAS RS A0H . A0SR S ss. M. 40
MEEE > Ry FEamERE. “EWEMBFE L

EEAE, 4639 %D AImIRNA VERFI4IMAH, Frditt
11°820.42%, 7 036 % HmiRNAZIER B H, BT
b E0M20.3% . 46 5 2P RI I GO T R v E R X I AL 5
NFAmiRNAZEAT 8, RIG A5 ANAmiRNAF EH S
SYM. A MAIETE. MRS . RN T
FLmiRNAR D8 T LAy H 5 U] b 05 FE R R 4L 5
RICHf.

047.72% 454

B 26.84% {EALTE

05.23% HHaEATETE

W441% (55 EEEE
04.06% 4> TALIEARIES)
w3.97% é}%msmﬂn "
03.76% IR 45 5 s R 11 1t
B2.03% HeSENTIE, ERAMRE
0 1.65% Ziflsy Tkt

m0.34% AL

047.35% 454

W 27.52% HEALIE P

04.97% & AEsE

B 4.19% 55
04.04% 5y TR IRARTES)
m3.88% Iy T-INAEIATT A
03.57% MR 45 G N it
W225% BT, B ARG
01.87% 45k Fibtk

m0.35% PrAfIEE

KBS  LmiRNARIE TR Sy B2 i R R S% H 4 il
Fig.5 Statistics of annotation entries of milk miRNA target genes at

the molecular function level

A 020.42% 41

W 20.42% M5
015.83% 4158
10.77% JiE

09.06% 4N #% 5
B7.89% KHTEE
07.59% JEsy
B3.13%  JE-F P
02.87% M4hX
m201% HugshX s>

020.3% 45
m203% 4l
015.87% 4lffse
m10.42% &

092% B ey
m8.16% Kiuy+HEW
07.38% JEER>
m3.28% JE- A
03.02% BushX
m2.08% Jfu4hIX 5>

Kl6 - FLmiRNAFEAE PI7EANR A1) il ERE SR H 8 it
Fig. 6  Statistics of annotation entries of milk miRNA target genes at

the level of cell composition

2.6 HEILIRIE RS E LT
Xf A= FL AN W R miRN A BB JE K i 47 08 % E 4 o

Br, DHIMIRNAFILA 10 341 450 3% B 5 v B 3
310 B, 17 FEHKIRAEEZTE (P<0.05)
(7)), NAEMERH (KEGGY Sko04144) . 7 H I
(ko05133) . ¥EF{E (ko04142) . MAPK{E 53 i
(ko04010) B 75518 (ko04062) . 5IEAK
i (ko05145) | JEEZHHPL (ko04931) | HEMM A
YA R (ko01230) B | THEAT BB e (1) 1 Bz 41 A5
5 (ko05120)  HEFIKFEHK (ko05131) | KA FEiE
JABA (ko04721) . TNFf5 5@ (ko04668) | FHZ 1K

%Aﬁi (ko00220)  HE R H: KE H IAGE-RAGE
5 (ko04933) | #iiaHiH ISNAREM H1EH



110 2023, Vol.44, No.24

E6miltl =

XY TR

(ko04130) . PI3K-AktfF5 @K (ko04151) . 2-% AL
BIRICH (ko01210) . #5141 ZmiRNASE K & 45 Py
TAEH BN, Hiz@sREemeE =4 (P<0.001) .
NEEHEEN FAMRIMNE A RS 77 2 S B4
Jif 2 1HI 2R A AR IR AR R TR RN B R 4 A R A
(H#A2)5~60 nm) , 5514 4 flA 3% i) 40 f 3=
TR, EEAEIEE O R, A ORR T T 4 BT 2
ANIR B B BUBAE, 3R W LA T O A% 3 S ) R A B VA
FEHREN, EAImiRNAFF 51 (40 5 R B S 5 £ (1) 38 7% 2
PI3K-Akt{5 S iH K (ko04151) , 171 P miRNA 51 # 3L
HE £ F1ZE . RaniZE K 4= AL ML A miRNABE T
KEGG# 7 #r, KILFE K4 FLmiRNAE R K 2 5
PI3K-Akt(E 5l

180

1 140]-
:@120—
{WIOO-
80+ H
W 60f
" ) HH Linpppl.l
20+ IRAEREREAEN .D.H:D: L IQI |g|
A @@‘ﬂ@ % &R
Ot EX NG
Ny \<0 (O/% %\~@Q\$‘K\%/@{></ow@$ @K/%%?"‘f
&5 Q’K\%‘Lw@& %_@’é¢%ﬁ‘@ RN
SN aea aS S AR
¥ ol o R o
M- ST
N D
¥ %{Q\z@g{,
PR

Bl 7 FFLAMB i CRImiRNA 2% 5 4 il i

Fig.7 Known miRNA enrichment pathways in bovine milk exosomes
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