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S F M KB E phoP/Q B F &t %k Xt 4 35 B2 B
microRNAsIJ € B 22 M

RAEFE, #2 &, HAF, & 4B, & %, & M, MALF
(R BRI SRER TR TR 28 A8 230036)

SHE: M microRNA(miRNA) K T-HRF8 B BOR AN HF 3 ( APEC) phoP/Q M [ B 2K A 40EA8 I E 17 26 ik 1 B
I, APEC BRI S5 VOt BT EORPE KNS PRI phoP/Q LI 0BG bR AT HIZLRE 14 HIRARRS R4 1
WIE LA Ny BHE AT T BP0 miRNA S35, M2 A HOK T 8 F miRNA JEAT Real-time PCR, 422573
iKH) miRNA JEATHERE TN LB GO (KEGG BFAEZMHT . W45 R A4S 10 42257 %K miRNA, H it 14> miRNA
FIKETUE,9 4~ miRNA ik 5 1, Real-time PCR 45 R % W], miRNA 25k #8355 W 7 45 51— 8, GO 43 Wi R 3%
], 2% 5PN R B A AR R RLACI S R AN KSR T W I A 2 i AR, KEGG )b
BRI 25 MAPK {5 538 H B8 H Wt {5538 i 45 5200 i, A IR0 40 7 & 0w v K 1 i
phoP/Q SEIHBRS R BN IUNE miRNA 93352257 M miRNA KF-HEF T phoP/Q 3P BRI XE APEC BUjistE 9
W, 4 APEC MIBTIR IS 2 kL,

KR EERHERIITE phoP/Q; MIE; miRNA; 225k

HMESKS. $858.31 STERARIEAE . A XEHS: 1000-4440(2019)05-1167-08

Effect of avian pathogenic Escherichia coli phoP/( gene mutation on
microRNAs function in chicken spleen

SONG Xiang-jun, CHENG Yue, QIU Ming-yu, XUE Mei, TU Jian, SHAO Ying, QI Ke-zong
(Anhui Province Key Laboratory of Veterinary Pathobiology and Disease Conirol, Anhui Agriculture University, Hefei 230036, China)

Abstract: The effect of avian pathogenic Escherichia coli ( APEC) phoP/() gene deletion on the expression of spleen
function in chicks was investigated from the level of microRNA (miRNA) , which provided reference for the prevention and
control of APEC. The 14-day-old chicks were challenged with avian pathogenic Escherichia coli and their phoP/() gene dele-
tion strains, and their spleen tissues were collected for high-throughput sequencing to obtain miRNA expression profiles.
The miRNAs with a fold difference greater than eight fold were selected for real-time PCR, target gene prediction and GO
and KEGG enrichment analysis were carried out for differentially expressed miRNAs. Ten differentially expressed miRNAs

were obtained by sequencing. One miRNA expression was down-regulated and nine miRNA expression levels were up-regu-

lated. Real-time PCR results showed that the change trend
7% B #:2018-12-28

HE&UH . BR A RRB2EIE4EITH (31802161 ,31772707) 5 L8l
KEFGIHE 50 AATH (vj2017-31) 3 LRUR M K5 F
ARl AL 4 S0 H (20172d01)

of miRNA was consistent with sequencing results. GO
analysis results showed that differentially expressed genes

were mainly enriched in biological processes such as ener-

TEE RS FFEZE(1987-) B IR IR A BEL VT, o gy metabolism, immune system, cell growth and apopto-
YIRS 5 E M BTA TS . (E-mail) sxj@ ahau. edu. sis, sugar synthesis and metabolism. KEGG analysis re-
en sults showed that the predicted target genes were involved

BIEE A5 5%, (E-mail) gkz@ ahau.edu.cn in important pathways, such as MAPK signaling pathway,
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glucose metabolism pathway and Wnt signaling pathway. In this study, the difference of microRNA expression in spleen of

chickens infected with avian pathogenic Escherichia coli phoP/() gene deletion was analyzed, and the influence of phoP/(Q

gene deletion on APEC pathogenicity was discussed from the level of microRNA in order to provide reference for the preven-

tion and control of APEC.
Key words;

EEURIE R BT (APEC) & ™ 5 16 % 7258
NS 5 1) B B S AT, ] A3 oo P I T R Ak
BRNMERZ REBRGEAME" , 5HRURHER
STV A B O A 8 R S % Ay B LR AR ) 4%
95, 4 XY &R R Al 3K 30% ~ 60%, 9% BE R Al ik
100%™, ZIRIE R bR T AT LA & ERGLAh, 8 0T L4k
R FA I AR B N, G AR Ak IR A
R RIE GBI K TEROHK, BRI FHE
WA EFE R KRR Z —, AR E
B, APEC 5516 A PR IE B 1 B0 M PR B KA T
HAEEARED ) AT, APEC #A A & —fh i %
NP BRI IR B, iy SR L S5 B iR
PR EA EER AL DA L, I, R
LRH WA Dy i 58 HBURHLEE, IR AT i
APEC IZ5FTIRE , izl (B 16 S R L

phoP/Q G RG & — M IZ A E T E
HE R R G S SFREERG, 7T 2 5%
9T BE RN UE 2 A0 T P, O O Rk R
APEC Boi i Kkt 1 3 b5 A8 52 1o ke 7 24 FH i) —
TR RS, A RIS R W] APEC Uk i f
phoP/Q IR 22 G5 7E V& 45 240 1 B0 71 7 1 & A%E
FHHEEMEH . A SCHERARE BT B 2 A )
RMRIN 13 AT L L SoKOF R AR R R 1Y
VRS S Hz sh e AT R, 2 B phoP/Q
SER B Re Al & oW R AR 2 8 ) B E T
K%, Jf H Ik APEC PRGBS PEFIAAR CEF 4 Y
BE 7, VLB phoP/Q — U 2 482 1k B i i
5L FE RS APEC MUBORESS L 1
SR BT e A R R TEARNS
YL APEC 3 72 i ml 45 0 4 A4 495 L S APEC
G ERALE] , A, PR E WS ks k&
AR MR R RS, E stk
FEMER L FL sk, —Sefff o & g i
cDNA T [ 51 5 5% it 413 7 ( RNA-Seq ) 43 1 gk e
APEC X (1) 5 55 2% B 3040 L miRNA k35 1942
b, 455 7R T APEC JET5 9 1 603 DIEH

avian pathogenic Escherichia coli; phoP/(Q); spleen; microRNA; differential expression

TEXS R RGeS 1 d AS d 35078 5 7™ o B
FEARAY APEC B RIS YL 4 2Z 0] 2 30 1 101 Al
1723422 5 R IR FE P L Ath 4 928 #H DG 4 21 a0 1
T, 1 IQFE RN B v | 76 5 SR 5 28 2 () A D0 5
KEZEFFRIBMIERAS | HAET, AT miRNA 7845
SN AT APEC JE G B M v (4 45 F S5 0 90 1 A 85 T
Ao

H/NEBERZ IR (miRNA) J2 — 28 KJE 19~24 nt
AR SR A% /N RNA )2 4778 T B YT,
F38 3k 5 03 PR B 41 R A I R R o
i Tl AT ) G TRR R, DT A 4 R R SR O 1 R YT )
AELOT ) BFSELE R, miRNA 4> T 12 3 5 ¥
A e R A N A oA 3G AR
T AR E R RS Bl
Ll KT miRNA S5 46 KR G 92 I 285 19 R D& 4
8, i miRNA-146 .miRNA-101 435076 R AE [ o7 Fhik
& ) RE [ B P8 45 V6 A s miRNA-92a € #4138 78
Jifr e A0 0t A5 A B TR AR 25 ELVE A, Rodrigues
S A AR /N B miRNA I T SR g Dicer , {1 15
PR A ML A, T B0 BT AR T B g, 32
B o) N1 78 N S NS 1) 7 S N i
3R FH & SO K AT 3 4 B RR FER S phoP/ Q
PRI APEC BERE 73 591 SO XS | B4R RS 95 245 BH 2 11
NG ZH 2T miRNA 22 55 32384307, 43 FF miRNA
T REAR 1L B X APEC BUM P 8 728 10 52 ), 38 i
miRNA Fik 50 H7 L IE R, #8598 phoP/Q — TG
WE RSG5 APEC 20U 1 Z B X R, R phoP/Q
TIOCIIE RGNS APEC FE I IREELE AR SR 2

1 ARSIk

1.1 WM EEmRE

AR TR 1 H S 20 3% 2 40 1y 22
BB ZE RN A, PREFE S 14 H SR
SR AB P4, SR AR SC 56 = 4 B AR A7 1) APEC
FAXT A B Pl KRR, A 4id 8 APEC I %
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21, B AicH phoP/Q SEHGRIC A . EE 48 h J5, 4%
S 2 2 9 X0 )G >R £ MR 2H 2, BB %) AL 2H 21
R RS RS A% 2 -80 CUKAREAE T
1.2 RIWH*E

1.2.1 % RNA #9323 RHATAY TR LE)
By A BR 2 T B Total RNA Extractor ( Trizol ) i |
& TR BRI A5 20 TR BORE S ) RNA, $2 B30 1Y iy
A RNA FF i) Se B v e B K ik PR 20 75 Y1 0L .
1.2.2 miRNA LR HMAER SHEZMF & RNA
Jo A A H8 J5 , FILA Qubit 2.0 RNA A I35 £ %
Total RNA K5 i, LA a2 SCEA & Total RNA JiF
W, FIH T4 RNA % H: 5 B H miRNA 7 3
A BRI T A KA E SRS ) miR-
NA HEAT R B i cDNA B | PR U S r= itk A 7
PCR 4" 34 I Y531 cDNA SCHE, F 12% PAGE
JEHL UK A PCR 79, 911 140 ~ 150 bp 2245 4
PCR 79, FI| F Qubit 2.0 DNA A& I3 51 & % 1] iz
(1) DNA K 2 &, 081 : 1 (RE ) IRA R TE
HiSeq/XTen Ml 54X ( Mumina 23 &) 7= &) #4700
¥ o

1.2.3 £% &% miRNA 5 A& 5 il Fast QC
X R B9 SR AR 808 ( Raw reads) #EAT o & 94l | {8 FH
cutadapt ZeBR$E 3k | trimmomatic 2% [ R i {FK 5T 2 A
LA reads 1o U8 LAARAS 4675 7 51 ( Clean reads) , fiff
JH] blastn ¥4 reads Xt Rfam Z(3EJ%E /) sSRNA (tRNA |
snRNA snoRNA, Gt 11 e X _E B9 reads 20 H F1H 4
H, b b XT F ) reads ; {3 bowtie $f reads Fb Xt
YR exon Al intron 3, Goit HE X} I A9 reads %%
ERINER G y U L XT E Y exon ; ﬁ}ﬂ bowtie ﬂ%‘
reads U XT ¥ A 2= 2% L R4 F50, Geit b X B Y
reads £ H 1A 43 LU, 3 8 45 A BB L XT 1Y reads,
] edgeR #4722 55 R 3K 04T, LA P<0. 05, 22 745
BORT 2 VRN 03k 45 1, 2o 8 4 3R 5K AR 1Y miR-
NA, 155122 7 I % HRKIA M miRNA

1.2.4 Real-time PCR Bif 3o £ F kA LB 1%
YR 5 S v 22 S AR BORE 3 2° I R AR SR IR R AT 58
UE, AR 4 NCBL o % 5 AP 91, 51 9 i i 30k
Primer Premier 5 ﬁ‘*ﬁﬁﬂ‘%l%( %= 1) ,Lh U6 snRNA
VB 22 5 33k miRNA NS JE [, #£4T Real-time
PCR K, SRR 2R 20 pl, bR FS 19945 1 wl (20
pmol/pl) 2 wl &4, i ddH, 0 M % 20 wl, HoAt A%
P RRULEH AT A 52 i PCR AP 3 I by 45 1 1%

B .95 CHZEPE 10 min; 95 C 28 15 s, 1Bk
60 °C 30 s, #E{f1 72 C 25 s, 3k 40 PMEER,

%1 miRNA EE35¥F5!
Table 1 Sequence of miRNA quantitative primers

Gl EA S JPF1(5'—3")
gga-miR-1551-5p GTCGTATCCAGTGCAGGGTCCGAGGTAT-
RT-Primer TCGCACTGGATACGACTCTGAAGT
gga-miR-1551-5p CCAGCCTAGCAGCAAAAAGAAC
F-Primer
gga-miR-1717 GTCGTATCCAGTGCAGGGTCCGAGGTAT-
RT-Primer TCGCACTGGATACGACAGTTTTCT
gga-miR-1717 ACACTACTCTCTAACCTGACAG
F-Primer

gga-U6 F-Primer GGAACGATACAGAGAAGATTAGC

gga-U6 R-Primer ~ TGGAACGCTTCACGAATTTGCG

1.2.5 miRNA 32X B fe £ W42 B s fam  F)
FH miRanda 5532565 P 20 [A] 2% 5 363K 1 miRNA #E17
FUEL PRI 00 38 5 cluster Profiler FC2FX T 2] fity 1
LA TR B (GO term) Fil KEGG 8 % ( KEGG
Pathway ) 43H7, 35453 miRNA ¥E5E R & 48 (1) 4= 4 24
%, I 2x 1 GO-GO P45 [E1 1 pathway-gene P25 5],

2 4 R

2.1 fRBEAZAH miRNA MFER

FRPFEA RNA J5, L P < 0.05 Fold Change {H /Y
MR 1 (HD 22 AR EOR T 2) VR ik 5%
1 A5 3 25 5 W EAY miRNA, phoP/Q FEH B4
JEAERS A 10 > miRNA 225363k Hihd 1 A~ F
WE miRNA F19 /4~ E Y miRNA, i volcano [&] (1]
1) J8/R 265 02 miRNA 434, i sl e o) 4R
T APEC FIH: phoP/ Q FEPR SRIAR YL 1 4RSI 2H
222 57338 miRNA JP81) B HER A TS Nk 2 i,
2.2 miRNA FJEBERE S

FIFH miRanda B35 #0022 55 36 35 miRNA ) 3%
FERRIE DN IR T AR AR B, it 25 ARk
miRNAs T HEIE R 31647 GO TR i R Al s 4L 43
BT B E miRNA $UER A D), MWK 2 ATRLE
U R0 L R B R R AR Y Al R e
FURI S N SR A i A MO X A R | 2 B
RN RS D S AN ALy, S A AT
Ve RREE A s S 1G PE N FE 2 15 YA o F O fE
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KEGG {5 Sl B o M & L, phoP/ Q FEP AR R, WS  MAPK {558 #%  Wnt {5 538 % C BUEELE
HEXS AL 22 57 08 miRNA BRI B2 R TN R2WSE SR 3),

3.0

25 +

2.0 |

P

0.5 -

1 1 | J | 1

-4 -2 0 2 4
ZESAEE
= ;X% R RA
Ve e Al Ay 5 22 SR AR, MR 12 PR s AR AT ek 22 5 W3E M Povalue, MU -Ig10 AOKKMA
El1 ZHRIA miRNA K LE
Fig.1 Volcano map of differentially expressed miRNA

®2 ERHKIE miRNA
Table 2 The differentially expressed miRNA

miRNA £ FR KSR PAH miRNA JF31 (5'—3")
gga-miR-1551-5p 9.3 1.94x1072 CUAGCAGCAAAAAGAACUUCAGA
gga-miR-1717 25.7 4.96x1072 ACUCUCUAACCUGACAGAAAACU
gga-miR-27b-5p 3.0 3.70x1072 AGAGCUUAGCUGAUUGGUGAACA
gga-miR-3538 5.4 1.88x1072 GUUCGGUGAUGAAACCAUGGA
gga-novel-2-mature 2.0 2.48x1072 CUCGACACAAGCUUUUGU
gga-novel-2-star 43 3.33x107* CUGAUUCUGGGUCGGGGUU
gga-novel-3-mature 2.0 2.48%107° CUCGACACAAGCUUUUGU
gga-novel-62-star 2.7 2.70x1072 CUGGUUAGUACUUGGAU
gga-novel-62-mature 2.1 5.03x1073 ACCGGGUGCUGUAGGCUU

gga-novel-50-star -5.0 2.48x1072 GAUUCCUGGAAAUACUGUUCU
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SRR TAE M ; 6 (5 S e T o7 LB 1 1

2 #RFR1X miRNA SBEFE GO 4347
Fig.2 GO analysis of differentially expressed miRNA target gene

®3 ZERFIE miRNA EEH KEGG BREESNER
Table 3 KEGG pathway enrichment analysis results of differential-
ly expressed miRNA target genes

B K ID i 4 B LiLE 97|
1 gga00510 N-Z WA= 6 UM MAN2A2
2 gea04625 C RIBHER Z IG5 8 % NFATCI
5 8a04933 BEVRIGTIE SAE H1 1 NFATCI

AGE-RAGE {5538 %
4 gga00190 ARk NDUFS2
5 gga04310 Wnt {5518 #% NFATCI
6  ggal4218 Y NFATCI
7 gga04010 MAPK {55518 % NFATCI
g 8804080 i EZA TR e NE] NPFFRI
SZARBIAR T AR

2.3 #RFikX miRNA BJ Real-time PCR IfiF 45 R

T Bk RNA-Seq £ 48 H i 16 19 22 5 56 A 1Yy
ATAEVE BRI 2 AN P 25 R i 22 AR EOR T 8 1Y
FIRFEH LA U6 fE NS H 6 NCBI i i
HEF 5190, Fl F Real-time PCR J7 B #4756
UE, &5 K 3 ik, RNA-Seq $0¥E 5 96t & &
PCR %4 2238 fa H I A — 2, [ I BH 4% 5% 21 4L
IR =

30
25+
BT o
x5t
;H,U\-[ oL  EEE=s feees
R e R e [ AVURA
0 R == == I AR RE
gga-miR-1551-5p gga-miR-1717
72 7R IEmiRNA

O WHFEER; B LR I6ERPCR
E 3 HEEE PCR 5 RNA-Seq HERERIELLE
Fig.3  Comparison of gene expression between fluorescent

quantitative PCR and RNA-Seq

2.4 miRNA $BEEH GO 1l KEGG E&EMEE

FIH Blast 45 #/4 XT#8 5L A #£47 GO A KEGG
HT 15 E] GO-GO M4 K (& 4) Fll Pathway-gene [
HKE(ES5) . B4 BRARHEMEFESE GO E
Beor A L 2e 5 T LI N & S 10 45 T RE T R
Z R SCHK , DA # L s 4R b i R 05, GO 4k H
B A8 B 2 S A DG GO-GO M1, Hopdtag
AU DR E AR A B A0 AR A AR AF GO T
B, 5 R T AR 505 Sl g R KR, &
PR SE N 2 5 1) H 2L I MAPK {5538 [ Wit
{5 3B B C BB R AZ RS 5 B 55
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Fig.4 GO enrichment GO-GO network diagram
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Fig.5 Pathway enrichment pathway-gene network diagram
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