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4160 NRILE A 17 NBRBRIAL S, 2 RA1Z 5K, TR 242 T @ftts. Kbk, @iefAfe
57\;'1:;1%‘&,0 AF EHEMIOTF R4 1 A PIPSKI (AAJ76_2700017870)% 4 AR 2%, % 1 A PIP5KI
(EEQ82436.1)4 5 MR AAF. RH EHEMIGT R, BEMILT RN, apis)Fo sl L5 F Hio R
(Spraguea lophii)# PIPSKI £ 3T F I A — X, B A7 EHEMmIeT k69 PIPSKI (EEQ82436)5 %
HH0F R 49 PIPSKI (EQB60549.1)69 BEALJE B R L. AB4X T 44t /Z 1 dpi (day post inoculation),
nce-miR-34537 & 2 dpi £ & A (P>0.05), M /£ 4 dpi.6 dpi #= 8 dpi 49 & A &3 B F T #(P<0.05);
PIPSKI & 2 dpi &£ % 2 % EA(P<0.05), & 4dpi. 6 dpi A= 8 dpi #) &k & 348 F TiH(P<0.05).

[ %3 Ince-miR-34537 £ A 7 B M T RATF AL HF A LL, KA BHMIT K49 PIPSKI
(EEQ82436)5 % é%f;—:ﬂa% R ¢4 PIPSKI (EQB60549.1)X 18] %4 Xk A 3k iL, nce-miR-34537 A 3 ¥e kA
PIPSKI f K77 B3 M T RBET KA EH TR LR FHRIAE LI- TR R AN,
nce-miR-34537 i@ it E 3% PIPSKI A A %A GPTA1Z k342,
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Abstract: [Objective] To validate expression and sequence of the previously identified
nce-miR-34537, predict the target gene of nce-miR-34537 and the molecular characteristics of
the gene, determine the expression profiles of nce-miR-34537 and its target gene during the
Nosema ceranae infection in Apis mellifera ligustica workers, so as to provide a foundation for
revealing the role of nce-miR-34537 in N. ceranae infection. [Methods] Stem-loop-RT-PCR
and Sanger sequencing were performed to verify the expression and sequence of nce-miR-34537.
The molecular properties and conserved motifs of the target gene of nce-miR-34537, PIP5KI
(encoding type I phosphatidylinositol 4-phosphate 5-kinase), were predicted via bioinformatics
tools. The phylogenetic tree was constructed based on amino acid sequences. The expression
profiles of nce-miR-34537 and its target genes were determined via RT-qPCR. [Results] The
existence and expression of nce-miR-34537 were confirmed in N. ceranae spores.
nce-miR-34537 can target 151 genes including PIP5KI. The deduced PIP5KI protein was
predicted to have the molecular formula of Cgg,Hj 364N226025:S7 and the molecular weight of
19.37 kDa and contain 160 residues, 17 phosphorylation sites, and no classical signal peptide.
PIP5KI can simultaneously locate in the nucleus, mitochondrion, cytoplasm, and secretory
vesicles. N. ceranae PIP5SKI (AAJ76 _2700017870) contained four conserved motifs, while the
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other PIP5KI (EEQ82436.1) contained five motifs. PIPSKI proteins in N. ceranae, N. apis, and
Spraguea lophii were grouped into one clade in the phylogenetic tree, and N. ceranae PIP5SKI
(EEQ82436) and N. apis PIPSKI (EQB60549.1) had the closest evolutionary distance.
Compared with that 1 dpi (day post inoculation), the expression level of nce-miR-34537 was
up-regulated at 2 dpi (P>0.05) and down-regulated at 4, 6, and 8 dpi (P<0.05), and that of
PIP5KI was up-regulated at 2 dpi (P<0.05) and down-regulated at 4, 6, and 8 dpi (P<0.05).
[Conclusion] nce-miR-34537 is expressed in N. ceranae spores. N. ceranae PIP5KI (EEQ82436)
and N. apis PIPSKI (EQB60549.1) have the closest genetic relationship. The expression of both
nce-miR-34537 and the target gene PIP5KI is first up-regulated and then down-regulated
during N. ceranae infection in 4. m. ligustica workers. The results indicate that nce-miR-34537
may participate in the infection process via positive regulation of P/P5KI expression.
Keywords: Nosema ceranae; nce-miR-34537; PIP5KI; expression profile; bioinformatics analysis
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RNA-Seq TE AR J7 % e G4 5 s 46 v %558 3]
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TIZRIBRFHNIRUE, FEMXT nce-miR-34537 f 4
LA T E B2, PRl nce-miR-34537
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A N T ) o LR R 2 B b 1) M R . R
5 HE W AR - U R AR A AROR S s W Rl o
B (Mg 2 2 [ ) B e (4 S 0 2 T 4 AR A D
1.2 nce-miR-34537 B9 Stem-loop RT-PCR
5 Sanger M

HHE nce-miR-34537 J¢41], 2 He 5 g 0
B BB R e Stem-loop FIHIA FiF5 14
(F) Lo T FiF5 1 I(R) (R 1), ZATA TAEY T
PR A R #7468 A RNA il
5215057 & (Promega 23 )32 HUK 75 28 M fol 1
A4 1S RNAAE AR , #1 ] Stem-loop
1WA R sk, 15301 cDNA TR MBI #1 T
I PCR. 214 1.5% M35 g Wi 5E JIE FE Uk K
W ek SCAE AP Oy kb AT H A A B RN RN
TA Bl . K PCR %78 25 3R B 0 TR 224 T
W TR B A B Fl 24T Sanger 5 o
1.3 nce-miR-34537 FURRE FFUN 5 45 #7

HIIBE SR, 2B 3 T BN 2 % 2R 7 28 8 Al £
F A RE S EF T RNA $2HC. cDNA # 5
Fl RNA-Seq iy, 3RA% T /& it it % sk 414K
Pl 2 B R SR A )y v B TargetScan
miRanda 5 RNAhybrid 2K {4 #ijll nce-miR-34537
FYREIELA . T Blast T B - iARRE LR HX 3
GO i % (https://www.omicshare.com/tools/Home/

x1 AMREABSIMER
Table 1 Information about primers used in this study

Soft/gogsea) . KEGG %4} % (https://www.omicshare.
com/tools/Home/Soft/pathwaygsea) . Nr %UHE %
(https://ftp.ncbi.nlm.nih.gov/blast/db/FASTA) LA
Swissprot iﬁﬁﬁjE?(http://www.ebi.ac.uk/swissprot)
LR A5 A0 I 1 R o A 4 B8 ) 45 G O R
nce-miR-34537 55 #E LA [a] 9 342 9 255, o it 1
id Cytoscape X /F# 47 AT M4k .
1.4 PIPSKI B)EMERF 24

R 500 ) PN 25 5L, [R)E 225 AR U 8 M Tk
T SR A 2 1 B DL A I g R o,
0 3 14— A~ 5 PR DRl — 1 Ul e JUL e 4-
IR -5-4 i 3L K (type I phosphatidylinositol
4-phosphate 5-kinase, PIP5KI)., | NCBI #(#&
JE I Hy ORF T HFM PIPSKI %ty 8 11 i 4 3
TR 741l ok Expasy Wik (https://www.expasy.org/)
-#Y Protparam. ProtScale fll SWISS-model %5
B A PIPSKI (R BRALPE BT | 5K PR A = 2 2%
¥4 ; #]FH SignalP 4.1 Server, NetPhos 3.1 Server,
TMHMM & SOPMAPH 4T PIPSKI {5 5
N 07 R VAN 2 2o S B S e & v P |
F PSORTII (https://www.genscript.com/psort.html)
TELR B AP E AT PIPSKI (V.40 g 7 45 30 .,
JI MEME  5.4.1 #4050 45 77 2 W4 1
FHARYFP PIPSKI HYLRSFHET, EFERINS

Primer name Primer sequence (5'—3’)

Purpose

nce-miR-3437-Loop
nce-miR-34537-F
nce-miR-34537-R

CGCGCGTTTTAAGTATTCTG
CTCAACTGGTGTCGTGGA

nce-5s-F CGAGCGGTTTCCCATCTCAGTA
nce-5s-R AAAACACCGGAACTCGTCAGCT
PIP5KI-F GTGTCAATACAATACCGTGCAA
PIP5KI-R TGAGTGAACAAAGGCACAGAA
actin-F CAAAGCCTGTGATGTGGA
actin-R GCCAAGTTTCTGATTTCCC

CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATTCAATC

Reverse transcription
RT-PCR and qPCR
RT-PCR and qPCR
qPCR

qPCR

qPCR

qPCR

qPCR

qPCR
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$e A Blast T B A7 % w5~ Ht PIPSKI
2 F R 7 4 b X %] NCBI GenBank %% i J%
(https://www.ncbi.nlm.nih.gov/genbank/) LA 1# 2
J 5 AR B 50 v 1) HE Al ) R A PIPSKT. i i
Mega 11.0 FAFPRE 4R 2 0 ol v Fn H A
Py PIPSKI 472 BE MR 1y 4 Z2 5 H X, 2R ]
SRR LT PIPSKI 1 R G UEILHY
1.5 RAEZEBRWNAFREANEETES
At ml &

T LS 6 W o BIDRE L B 1) S 55 - T
T B A E T (34.0£0.5) CHiFRAH, WL
PR 1 il T8, YURAIE 2 h 5 kiR
Rl s L & 10047 SRt 1 A1 50%
R R BO R, TS T
T IRLE (35 Sk/&). TEfRBE E Tl A—3C
FEIEES, N 2 mL 50% (B ARF 50 b
W, BT ESRAAP SR, 4 24 h EHLERAR Y
FEMRA (2 mL), J3 I 7E4EFIS 1 dpi (day post
inoculation), 2 dpi. 4 dpi. 6 dpi F1 8 dpi TE R4
BRI GAHS B3 R A 14
RNA-Free 5.0 , A B URG E T-80 Cilflk
MVKFEORAF 5 F o LR SEI AT 3 IRAEE &
1.6 nce-miR-34537 FIFRIX LN E

FI A RNA #3457 & (Promega 2 Fl )73 5]
PEWC AR H AR L B RNA FE R BAR, FIH
Stem-loop 5|¥#17 [ % %45 %] nce-miR-34537
) cDNA #i#k . [FIBfFIH Oligo dT 5|4 #1
Random 6 mer 5194 1:1 IR 5147 I 5% 5445 51
HRO7 B T BN S 5S tRNA [ cDNA #
Hz. 2B SYBR Green i 5] (35 25 23wl )50 B 5 i
17 qPCR [ o W AE QuantStudio 3 550 5E &
PCR {Y(ABI A7) FgEAT o SO A 28 ML Fr 4%
HEOLA R S PRI R A TR . A O 3 1
B3N EARELEM 3 AFATEL. M 1 dpi A
HE R 2724 9E P51 nee-miR-34537 7 2 .4,

6 1 8 dpi AN 155 . i ] GraphPad Prism 8
AT R R A BR N2 K] . SR AT SPSS R AR
P I PR 5 HSF () 0 R X 38 R A T B R R
ZHT(ANOVA), LA P<0.05 4 W EPERME . R
FH Tukey A6 567 A3 i 3 bR 10 76 X SE 56 B0
PEAT T LA AT
1.7 $REE PIPSKI HIFRIEILE N E

W4 PIPSKI WP 506 RS BT
W1 W1 1), R qPCR ¥ PIPSKITE 2. 4.
6 1 8 dpi WUFAXT ik m . VML & LN actin
(GenBank %35 AB023025.)/EHNZ,
FERM TR 7 0R] 1.6 75,

2 HERE5M

2.1 nce-miR-34537 HY3RIA TN F 556 1E
Stem-loop RT-PCR REMEH™ 14 i £4F & il i K
/#9100 bp)iT H 9 A Be (Bl 1A). Sanger Il 7
iR N, BHMR BE A S 3T AR S
T H (¥ nce-miR-34537 J¥4(UUUUAAGUAU
UCUGGAUUGAAU)—Z(El 1B). iRZERIE
5C nce-miR-34537 7E /< 7 B WG T A1
B AR AR
2.2 nce-miR-34537 BUEEEE 94
nce-miR-34537 FL§Em 151 PNHKA, nce-
miR-34537 SHUIEHZ M AIE R 1 DR 241
PP (E 2). B ETFERA R ER, 345
B AT RS Nr BUEER) 60S A AR A
124, 20S K A B 7 A H A2 R tRNA &
B, Ay 148 ANMEILHE BB E A
A 75 A-HEEL R AT BE R Swiss-prot B FE 1) 2
AR tRNA EHENG . BHEE M ATP, ADP %
REASEA; A 81 MERFE MBS GO %L
e, ALFEAC IR AN A A R R 2 15 A E
PR A H (B 3A), AR P d
WA 8 ML A A H AT M A s 2R
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100 bp

AL

1 nce-miR-34537 3/ t& =4 YR AE & EE 1k (A)FN Sanger /¥ (B)
Figure 1 Agarose gel electrophoresis (A) and Sanger sequencing (B) of the amplified product from
nce-miR-34537.
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Figure 2 Regulatory network between nce-miR-34537 and target genes.

FIETESE 5 D TIREMISCAE H s A 46 MR ER(14.40%) , & & fe Ml A9 2 FE R Ty & & TR
AT R3] KEGG Sl R ARIHa 12 . AR (1.20%) . FfiZ(fR(1.20%) Fl 4 2412 (1.20%) . 7351,
PRI YA R SR -(RNA (ARG 5 PIPSKT A% 22 MR, Hrh RAHEMR

4 2538 % (1K 3B), AR R 14 F1 8 1~; 407y 28 N IEHL M4
2.3 PIPSKI EBMIS Fi5M FEmR, HAPORE R AR 2 9 N 5 F 23 A,
PIPSKT K:NIE54 483 MEZHTR, difidh 160 PIPSKI 425155 K R ECH—0.65, /K & it

FIERR  PIPSKI 2 15313 h CgoH 36aN2260251S7, MREE Z T oK A FREER(E 4A), ULHZE AW
FEAN 1937 kDa, RIS ZRECH 8587, & RENF/KMEEA . MbAh, PIPSKI A7 7E S 7Y
HL SN 8.94, PIPSKI HR & i B e 1 24 S 12 by it 55K, UEBAELTTRE M A N & H (K] 4B). 7E
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FI00M Number of all genes

Number of target genes
B Rich factor (0-1)

—lg (P value)
(0, 1.3)
(13,2)

[ YR

610

@ (0,15

@ (5.20)

@0

Metabolism
. Genetic information processing
. Environmental information processing

. Cellular processes
—lg (P value)
0, 1.3)
(1.3,2)
1)
® .10
@ (0,15
@ (15.20
@20

FI00M Number of all genes

Number of target genes

— Rich factor (0-1)

3 nce-miR-34537 FUEEEF K GO (A)F1 KEGG (B)HIEE TR
Figure 3 GO (A) and KEGG (B) database annotation of nce-miR-34537 targeted genes.

PIPSKI H il 2] 7 4> 22 A Rk fb i o5 . 7 4>
ik 2 PR Wl PR A2 o R 3 A 5 S R W R Ak 37
(K] 4E). PIPSKI %45 66 1~(41.25%) o-1ZiE,
30 M(18.75%)MEKHE, 7 1~(4.38%) B-5441,
57 1~(35.62%) A Hh (K] 4C). =R E5H 53

Mrét R @7 PIPSKI AR A 7qpn.1.A, PIP5KI
5 7qpn.1.A BI[EUEH: A 50.00% (€] 4D). 4
i 5 o7 T 25 5 7%, PIPSKI ][] i 5 o7 T4
I TE =" A % NNV 0510 1 0/ 31 ARl e |
H 78.30% . 13.00%. 4.30%F1 4.30%.
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-y L‘\ ,ﬂ/h‘ V | V ‘“{r} Wik 02f
PRV ‘\;ﬂ L Bt /! o.0 (T
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b B — Serine
Threonine
1t — Tyrosine

Phosphorylation potential

—— Threshold
\ ‘

I

(=]

0 20

40 60 80 100 120 140 160
Sequence position

B4 PIPSKI KJEKIEA). EERAMB). ZHREH(C). =R D)FIREER AL (E)
Figure 4 Hydrophilicity (A), signal peptide (B), secondary structure (C), tertiary structure (D), and

phosphorylation site (E) of PIP5KI.

2.4 PIPSKI ZAMRTEF S

BRAR B R RIT BN T ISR 2
PIPSKI, M % ¥l A1 HU(N. apis). A1 XU
(Papilio xuthus) . ik RIMALF H(Encephalitozoon
cuniculi) . PRI OB+ H (Nosema granulosis)
AL 05 98 G 7 B (Encephalitozoon hellem) . 1
Jibi 2 136§ HU(Encephalitozoon intestinalis) . 7]
A B AL A= B s (Symbiodinium microadriaticum)
I fi fie L 7 MR 0 (S, lophi) IS 1 A
PIPSKI. 7k 75 % ¥ it I AY 2 4> PIPSKI
(AAJ76 2700017870 Fil EEQ82436)) & IR IF
G| ZH R AR AN 5 B o

T 45 2R R 7R 5 S A T IR PIPSKI
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Motif 2., Motif 3, Motif 4 Fll Motif 5 (&l 6).
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Figure 5 Multiple alignment results of amino sequences of two PIPSKI in Nosema ceranae. * indicates the

same base in AAJ76 2700017870 and EEQ82436.
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Figure 6 Comparison of conserved motifs in PIP5KI proteins in Nosema ceranae and other nine species.
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—— Papilio xuthus LOC106113573
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Figure 7 Phelogenetic tree of Nosema ceranae and other eight species based on PIP5KI protein by
neighbor-joining method. The number of tree branches is the bootstrap value of the reliability of tree
branching by setting 1 000 repeated sampling of the dataset.
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Figure 8 Expression profiles of nce-miR-34537 and target gene P/P5KI during the infection process of
Nosema ceranae. A: Expression profile of nce-miR-34537. B: Putative targeting relationship between
PIP5KI and nce-miR-34537. C: Expression profile of PIP5KI. Data are displayed as mean+SE, the same
lowercase letters above the curve indicate non-significant difference (P>0.05), while the different lowercase
letters above the curve indicate significant difference (P<0.05).
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