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Differential Expression Analysis of microRNA in Bovine Mammary Epithelial Cells
Induced by Candida krusei

MIAO Yuhang"?, DING Tao"*, XIN Jie"*, MA Wenyan"*, DU Jun"*
(1. College of Life Sciences, Ningxia University, Yinchuan 750021, China; 2. Key Laboratory of Protection
and Ulilization of Biological Resources with Western Characteristics, Ministry of Education, Yinchuan
750021, China)

Abstract: Non-coding small RNAs (microRNAs) can be involved in the innate immune response of
bovine mammary glands and can serve as potential biomarkers for pathogen infection of host cells and
bovine mastitis. However, the expression pattern of microRNAs in bovine mammary epithelial cells
(MAC-T) after Candida krusei infection remains unclear. This study aims to analyze the differentially
expressed microRNAs (DEmicroRNAs) in MAC-T induced by Candida krusei and their functions,

providing a basis for revealing the marker microRNAs of Candida krusei infection in MAC-T and for
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subsequent research on the regulatory mechanism of microRNAs in regulating the immune response of
host cells. Utilizing RNA-Seq sequencing technology and bioinformatics methods, microRNA
sequencing, DEmicroRNA analysis, and GO and KEGG functional enrichment analysis were
conducted on MAC-T cells after infection with Candida krusei (infection multiplicity=1). A total of
1 465 microRNAs were detected in MAC-T cells of both the normal group and the infection group.
Compared with the normal group, 16 microRNAs were significantly upregulated and 7 were
significantly downregulated in the infection group. TargetScan and miRanda software were used to
predict the target genes of the 11 microRNAs with extremely significant differential expression, and a
total of 6 739 target genes were predicted. The results of GO and KEGG functional enrichment
analysis indicated that the 11 microRNAs with extremely significant differential expression could
regulate bovine mammary gland inflammation through immune-related signaling pathways. Further
analysis revealed that the significantly downregulated bta-miR-2377 and the significantly upregulated
bta-miR-22851 might participate in the MAPK, NF-«kB, and Toll-like receptor signaling pathways
through potential target genes, thereby regulating the occurrence and development of host cell
inflammation. Twenty-three DEmicroRNA are obtained in Candida krusei induced bovine mammary
epithelial cells, which may regulate the occurrence and development of inflammatory response in
bovine mammary epithelial cells through potential target genes, and provide a scientific basis for
revealing the pathogenic mechanism of microRNA regulating Candida krusei induced bovine mastitis.

Keywords: Candida krusei; bovine mammary epithelial cells; microRNA ; bioinformatics analysis;

differentially expressed microRNAs
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1.1 ##

1101 2 B 0 B W54 FLR b K 40 g (MAC-
T) AT = R e LA X EKRE
(Candia krusei) ATCC 6258 Iy 1 35 [/ ATCC & #
PRI O

1.1.2 k5 DMEM-High Glucose 1 7% # . Jifi
A (FBS) & A ED-TA(2.5 gL ' HE A
fit} ,0.2 g-L "EDTA, B0 ¥ B LA 5] BIA
YPD AR 55 e R VD68 55 BT B G 3R AR 0 B
H WM AW AR A A TruSeq Small RNA
Sample Prep Kits (Illumina, San Diego, USA) ;
qPCR L & 8 7% SR il 0 &0 [ B ot ol iE B AR )
BHE AR A s ELISA KR &0 [ ROV 5 4= 4

AR AL
1.2 FHiE
L2l mESHKEMERSGRR  BIGRES

M) 7 2 AR B ATCC 6258 F YPD Wk i 15 53 5L 8 37
BT T 50 mL Ay CE £ 37 °C 120 remin ' $&

PR A 1 B 7% o K AT 8 I K 4 B P T Bl R VD 4R 55 3
i B % 5L, 37 "C Uk B2 3R AR AT R TR P U A
AR 2 YPD WK RS R &2, 37 °C 120 remin '$%
PR 85 32 3R A5 B, TR .

1.2.2 WyA=3L0R L B2 4 52 95 O35 3% DL R 40 i 3
4H B R AE 1 MAC-T & F 37 CIR B K iz
BREDEILAA . FRA S RS BT 10 mL &
L NEL (1000 r-min 1,5 min), B3, 1 mL
56 4 B SR Ok OB S 4P T 40 M B IR I b, A
37°C,5% COBEFRAMNIE IR, A A K 2 90%
Ja o, HEAT AR AR R AL AR S 1 W5 2R FLBR b Rz 4N i
2 mL BEEE WAL, 1 000 remin B0 5 min, U5 5 40
UVE , A & WL R 58 15 97 R B, JH 40 i 3%
PG, e 7 10°cell- Il "4 A T 10 cm 20 g 15 5%
ML, ok % 8% % 05 8 4i i 43 o 1E R MAC-T 41,
ATCC 6258 &L 240 (MOI=1),37 °C,5% CO,}; %}
FINZkEER 4 h, BAREINEYHESR.
1.2.3 ELISA BK I MAC-T 40 0 K 1 (1) 43 M 7K
F W4 45 A 3R ZH A0 I B W, 3 000 remin ' B
> 10 min, B A RF A A AR 45 ELISA £ I 3
R 6 U0 A 45 2D DR AT A DU, AR i b v it 21 5A
2% 4b B4 P IL-1B . 1L-18, TNF-a. IL-4 B A XF 5
ik,

1.2.4 RNARBOCMFSCEME i TRIzol™
ARPUEH MAC-T 4 . ATCC 6258 &4 MAC-T
) & RNA (Total RNA) , ¥ M 41+ A& #E17 RNA TR
e, 53 51 48 ] Nanodrop 4 % Total RNA A9 £ i &
e FE | Agilent 2100 4 9 43 #1491 RIN {H (RNA
integrity number) PF-4f Total RNA 9 5¢ 2 M , B fg
% TR 6 I H VK B0 3iF Total RNA J& 75 %% 5 P 20 DNA
V0. i RNA RS 4% LLS , B Oligo(dT) #;
R 4 mRNA; DLk b8 i, #] ] TruSeq Small
RNA Sample Prep Kits (Illumina, San Diego, USA)
IR B DR A7 5 S5 cDNA, AT Ko is &2 i A
I3 420 P 325k J5 3l ik PCR & % cDNA CJE .
&4 4% J5 76 Tllumina HiSeq 2000 =5 18 & 75 - & i
TIF

1.2.5 W77 HOHs BT A 5 6 5 microRNA 9 %5
B0 7 A5 2 19 IR 45 B s (Raw Reads) 256 37 4% 3k ¢
G Tt AR T 4 5 AR AR T s (Clean Reads) o
FIH ACGT101-miR (V4. 2) #4 %+ microRNA #E£7
Oy GE O 18~26 nt JF 81, X 07 5 i 14 %k 3 i
i 5 2 A BAE AT X g A5 B RO (Valid



1 TS S0 F A TRI R S W9 2F FLIR B 40 microRNA 2 5 35 47 489
Reads) , #F— ¥ A % 58 5 miRBase 21. 0 %4 #F 5 & T ¥ ) microRNA) , fifi | PrimeScript™

HEAT AR S L PR A B X A AR oyl A
microRNA F13#7 ) microRNA. P H &% 1IEJ5 /9
P<20. 05 Jg fifi & 2% £F , 3845 22 5 R 38 /9 microRNA
IFHATRIE T
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#17 RT-qPCRIXS: , B MEAHELE =K., RT-qPCR
SR 2 2 2> ChamQ Universal SYBR qPCR Master
Mix: 10 pL, I . F#E5I 45 0.4 pL (5115 B W
1), cDNA # 4 1 pL, i JC & 7 #§ /9 ddH.O %

%1 F T microRNA RiZEHK M RT-qPCR 5|47
Table 1 RT-qPCR primers for microRNA expression detection

JEGi %/ RNA 519751 (53" T /bp
microRNA Primer sequence Product length
Bta-miR-2377 ZEH 519 stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
ACTGGATACGACAGAGC
519 Forward primer: GCGTGTCCACTGCACACACTA 21
THES1 ¥ Reverse primer: ATCCAGTGCAGGGTCCGAGG 20
Bta-miR-22851 ZZHEY) stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
ACTGGATACGACCCAAAA
L5 Forward primer: ACGAGAACAAAACCGGAACGAAC 23
TUE51 ¥ Reverse primer: ATCCAGTGCAGGGTCCGAGG 20
Bta-miR-215 ZEIR5Y) stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
ACTGGATACGACTGTCTG
W51 Forward primer: GCGGCCTGATGACCTATGAATTG 23
TUE51¥) Reverse primer: ATCCAGTGCAGGGTCCGAGG 20
Bta-miR-362-5p 22351 stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
ACTGGATACGACACTCAC
W54 Forward primer: GAACTGACAATCCTTGGAACCTAGG 25
TUE51% Reverse primer: ATCCAGTGCAGGGTCCGAGG 20
Bta-miR-219b-3p ZZI 5 stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
ACTGGATACGACACTGAT 23
L5 Forward primer: AGAAGGCAGAATTGCGTTTGGAC 20
TUE51 ¥ Reverse primer: ATCCAGTGCAGGGTCCGAGG
Bta-miR-146b ZEIR51Y) stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
ACTGGATACGACACAGCC 25
L7519 Forward primer: CCACCATGTGAGAACTGAATTCCAT 20
TUWE5I¥ Reverse primer: ATCCAGTGCAGGGTCCGAGG
Bta-miR-20b_R+3_  Z5¥5[4¥) stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
1ss10CT ACTGGATACGACAACTAC
FU#51% Forward primer: AGCTGGACCAAAGTGCTTACAGT 23
TES1 Y Reverse primer: ATCCAGTGCAGGGTCCGAGG 20
Bta-miR-19b_R-+2 253 5|4¥) stem-loop primer: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC 50
ACTGGATACGACACTCTC
F##51%) Forward primer: AACCTCCTAATCCTTGCTACCTGG 24
TUE51 ¥ Reverse primer: ATCCAGTGCAGGGTCCGAGG 20
[-Actin U514 Forward primer: AGATCAAGATCATCGCGCCC 20
TUWEEI¥ Reverse primer: CATTTGCGGTGGACGATGGA 20
U6 snRNA #5149 Forward primer: CTCGCTTCGGCAGCACA 17
TS Reverse primer: AACGCTTCACGAATTTGCGT 20
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B 2% W1 e A s T & TS 229 microRNA
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DL K F R R R gh, TR AN A 4l )RR
microRNA 3 ik 5§ fE 9 A7 OC Pk & 22 =7 R iKW
microRNA . i 1 5 0 2L 3l ¥ i 24 microRNA ¥ 37
(microRNA (#E 2 ) .microRNA Fij & | 2F 5 K 4] 7
G HE X A7 o RS 5E 1 330 4% microRNA, 4 4
known microRNA ( 24 ¥ ff gpla) . conservative
microRNA ( ¥ ¥ % # gplb. 2a, 2b. 3a) . novel
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®2 NEXERESIT
Table 2 Quality statistics of sequencing library

FE b B 5 o (/%) HEFH(/ %) GCEH/% Q2018/ % Q301H/%
Sample Clean reads Valid reads GC Q20 Q30
ZEHA A 1 8 550 695 7 853 099 55.21 94.18 88.93
Control 1 (76.42) (91.84)

ZEHXRA 2 8 642 738 8252 043 50. 74 97.74 94. 60
Control 2 (86.55) (95.48)

ZS X IR 3 11450 128 10 954 421 50.78 97.82 94. 87
Control 3 (88.86) (95.67)

ATCC 6258 84 1 10111 972 9 783 952 50.13 97.83 95.08
ATCC 6258 1 (90) (96.76)

ATCC 6258 Ji& Y4 2 10 710 185 10 278 510 50. 35 97.82 94. 80
ATCC 6258 2 (91.32) (95.97)

ATCC 6258 g% YL 3 10 926 138 10 545 598 49.97 97.97 95.29
ATCC 6258 3 (91.58) (96.52)

Q20 2 J57 3t B =20 14 8 L T 5 77 43 LE L Q30 S B 3k B =30 Y §8EE BT o 1 43 1

Q20 is the percentage of bases with mass value =20, and Q30 is the percentage of bases with mass value =30
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Fig.2 The length distribution of identified microRNAs
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2SRRI BN, 5 1ER MAC-T 414
o, ATCC 6258 /& 4L 2H P 47 23 1> DEmicroRNA , K
164> microRNA (Y55 .3 FI#, 71 microRNA
MR8 E TR 3K 3) . H bta-miR-2377
Fik W E T M, 2 545800 0. 61;bta-miR-22851,
bta-miR-20b_R-+3_1ss10CT ., bta-miR-215, bta-
miR-362-5p .bta-miR-500_R+2 bta-miR-219b-3p .
bta-miR-146b % ik & W ¥ b, 22 5 4% %00 Wil
1.65.5.31.1.5.1.29.2.66.1. 66,
2.5 RT-qPCRIGIE

xf Fifi Bl % B B9 8 4~ DEmicroRNA # 17 RT-
qPCR 3 H ik H 0 0F , 45 S & M, RT-qPCR 19
25 5 5 RNA-Seq 7 5048 43 B 459 21 19 JE 8 3R 58

A R — S (4, B AW P
RNA-Seq il Fp S H 22 5 R 35 70 Hr 4 R &l HE Y .
2.6 # 5 microRNA $BE RN 518 E &2
£ 234~ 2% 5 microRNA ot 4 114N i 35 1 2
S+ microRNA ( W 3% 4) 17 #8 58 DA 0 ), 3k % 3
6 739 MM . GO HEREE M, microRNA #
FE R AL N LB AEF 9 0954 GO & H L A0 & 4i g i
FE AT B A A AT RS LA e R AE A OC Y
W PE R G5 6 231 AW 2 ad A, 8 P s ) R 2R
P Ve 5 B 52 A R 1 S5 22 TR /A R TR T
Bl S SR 00RO MRS 1 846 AN 4 F IR AN T 021
UL 5y o WAEFE LI KEGG & %30, 45 2R
J B, DEmicroRNA (1% ¥ 75 HIL 5 [N n] g % & 109 7%
T T I, FG b B A AR A I O A AR G R AR
(metabolic pathways) , [a] Bt & 4 3] T 5 9 58 A ¢
B NF-kB (nuclear factor kappa-B, NF-«kB) {5 = il
# .MAPK(mitogen-activated protein kinase, MAPK)
fi 5 @ B p53 fF 7 W B\ PISK-AKT {5 5 il B &
mTOR (mammalian target of rapamycin, mTOR) {5
58 M Toll # 32 K (toll-like receptor, TLR) {5 &
i #% | Janus i % B2 & F1 I (janus tyrosine protein
kinase, JAK) - 15 5 # 5 K ¥ 3¢ i# 3% N F (signal
transduction and transcrip-tion activating factor, STAT)
{5 5 ¢ 55 (8 5) o il WA, K RIS Bl
(¥ bta-miR-22851 Y § 4 )l MAPKS & 4 £ MAPK
fr 5 38 H b, 3R 3K T 8 19 bta-miR-2377 i1 #0 5 []
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*x3 ZEXMEBAEATCC 6258 B 40 = B4 K% microRNA

Table 3 Differential expression of microRNA between blank control group and ATCC 6258 infection group

microRNA # Fk 2 SAREL PE L/ T
microRNA name Log,FC P value Up/Down
mdo-miR-196a-5p_R+2 2.891 907 300 0.001 073 447 Up
PC-3p-17914_31 1.948 567 463 0.001 313 257 Up
PC-3p-23460_18 2.569 135 000 0.001 540 719 Up
chi-miR-191-3p —0.807 459 348 0.003 157 484 Down
bta-miR-2377 —0.723 000 000 0.005 163 673 Down
oan-miR-16b-5p_L+1 2.369 133 16 0. 006 208 570 Up
bta-miR-2285i 0. 356 148 451 0.009 318 871 Up
PC-5p-8555_99 —1.033 720 831 0.010 246 079 Down
PC-3p-20561_24 —2.301 896 470 0.010 361 880 Down
chi-miR-18a-3p_R+1 —0.403 969 492 0. 010 398 300 Down
pal-miR-9993a-3p —0. 330 814 089 0.010 453 945 Down
bta-miR-20b_R+3_1ss10CT 0. 719 604 509 0.020 103 455 Up
bta-miR-215 2.408 603 805 0.030 145 620 Up
mmu-miR-378d_R+2_1ss6CA 1.752 421 816 0.035 169 227 Up
bta-miR-362-5p 0. 584 875 060 0.038 184 233 Up
eca-miR-1839_L-1R+3 2.094 428 940 0.042 436 847 Up
PC-3p-13080_52 —0.486 472 783 0.049 297 031 Down
PC-3p-19898_25 2.022 363 047 0. 050 328 524 Up
bta-miR-500_R+2 0.370 279 491 0. 050 354 398 Up
bta-miR-219b-3p 1.410 831 312 0. 050 380 862 Up
lca-miR-19b_R+2 1. 588 370 285 0. 050 393 992 Up
bta-miR-146b 0.729 240 479 0.050 461 322 Up
PC-3p-17661_32 1.303 327 519 0. 050 485 736 Up
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Fig.3 Differential expression analysis of microRNAs
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Table 4 GO functional annotation of differentially expressed microRNA
ifig2 , e % = %
et i GomS e Aot
unctiona Class GO ID Significan nnotate
group genes genes
AW R #E W 1R 1L Protein phosphorylation GO:0006468 172 3590
Biological
process RNA A i 115 5 15 3 GO:0045944 223 3590
Positive regulation of transcription by RNA polymerase 11
240 T 8 A 8 4 GO:0008285 78 3590
Negative regulation of cell population proliferation
FH WM & B In utero embryonic development GO:0001701 62 3590
FEWLiZ i Vesicle-mediated transport G0O:0016192 48 3590
b A KB T Bz IR {5 5 i GO:0007179 28 3590
Transforming growth factor beta receptor signaling pathway
RNA B4 i 11 % 0 4 G0:0000122 150 3590
Negative regulation of transcription by RNA polymerase 11
fL A 5E 17 Centrosome localization GO:0051642 11 3590
e A T JUL I 2 e 2 GO:0046856 14 3590
Phosphatidylinositol dephosphorylation
5% IE % Positive regulation of transcription GO:0045893 123 3590
8 T IE 8% Positive regulation of apoptotic process GO:0043065 58 3590
12 5% Hemopoiesis GO:0030097 22 3590
41 A= K 4 2 )8 5 Negative regulation of cell growth G0O:0030308 31 3590
BMP {% 5 il i BMP signaling pathway GO:0030509 26 3590
M ¥z Protein transport G0O:0015031 45 3590
I ff 20 53 4 Jf1 %5 it Cytosol GO:0005829 657 3590
Cellular B Nucleoplasm GO:0005654 624 3590
component
4 5T Cytoplasm GO:0005737 700 3590
Y f#% Nucleus GO:0005634 725 3590
Jii 5 Plasma membrane GO:0005886 505 3590
N J5E M Endoplasmic reticulum G0O:0005783 200 3590
R B4R Golgi apparatus G0O:0005794 187 3590
i A IR Al A G0O:0043231 177 3590
Intracellular membrane-bounded organelle
N J5E 9 i Endoplasmic reticulum membrane GO:0005789 93 3590
JIf Membrane G0O:0016020 481 3590
A F Ui A [H) 2K 111 45 4 Identical protein binding GO:0042802 302 3 590
Molecular W F145 4 Protein binding GO:0005515 639 3590
function
T G P Protein kinase activity GO:0004672 142 3590
T 45 A Protein kinase binding G0O:0019901 98 3590
12 R EMHERBSS 4 Ubiquitin protein ligase binding GO:0031625 73 3590
ATP %54 ATP binding GO:0005524 264 3590
J¥ 5145 5+ DNA 454 Sequence-specific DNA binding GO:0043565 102 3590
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Fig. 5 KEGG enrichment analysis of DEmicroRNA target genes

FLHR 20 U0 SR TN o A, 7 AN [ Dt TR Ak 3L Y
W5 AR ZURR 2 21 FL T DL R i v A DU B 2 5 g A
LR P P8 45 B9 DEmicroRNA . ERBFSE 54
W 5T 46 0 3] A9 DEmicroRNA (9 28 DL & 3 3k 7K F
AN — 3, B R A R TR L2 ai e R &
microRNA A9 32 A8 20 A [A] , 32 B microRNA £ U5 4
FLAR A AR AL AR # 2 0 . B, h aE— 20 i
Hr microRNA Xt 5 32 25 Bk W 1 15 4 FL R 58 14 H 92 34
W, AR5 X Candida krusei 175 5 W) W5 24F FL AR
ﬁ%ﬂ@iﬁﬁmicroRNA%ﬁ%@ii/\fﬁ gk Bk 3
DEmicroRNA I fiig 8 1 9 42 58 & [ A S R 5 #H ¢
{5538 & SR Y Candida krusei % S MAC-T 4
i S
GO Ml KEGG & % 73 #r /& DEmicroRNA Jj fig
Oy M EE IR ARG i GO B AR A B 11
A 22 5 microRNA A B8 2 15 580 AH OC 56 4 14

RENE RS AN S LR AN B B R N s
WA TR, KEGG e E & o i & B
DEmicroRNA X} Jij () 0 3 K 7] fg W M NF-«kB.
MAPK . JAK-STAT.TLR . p53.PI3K-AKT/mTOR
ST IE B R R BE TS 5 0 4 FLIR AR RE B
. e AR EFEN, LRSS ME S HEBAENS
Bl W) e 9% B K AR RE N ik B rh BLR E SR 4R
PR,

TLRs & —JS7E 5c K1k e i vh & 2 F 2 /E Y
PN Z AR (PRRs) |, 3222 17 5 900 D 4R O 43
T B L (PAMPs) Uﬁ?ﬂ%*ﬁﬂéﬁ%*ﬁﬁ
(DAMPs) , 301 5l K M e 328 L ad B e ™5 %
T -kB(NF-kB ) J& — 4 7 18 15 5 8 SV | S A S
O M A= K 58T AT 2 Bl A B B R OCEEE Y
s R, A0 TF R T A 0 AN B Y TS Ak L3 B RN 3
R BRI R AR oY & B L R AR R R i O P



496 R

SR S 57 %
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