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Abstract: Meloidogyne enterolobii is a pathogen causing significant damages to pepper production. Utilization of re-
sistant cultivars is the most economical and environmentally friendly method to control this disease. A deeper under-
standing of the regulatory mechanisms of resistance to root-knot nematodes could facilitate the breeding process of dis-
ease-resistant cultivars. In previous studies, analysis of transcriptomic data of Hainan local M. enterolobii-resistant
pepper germplasm CF25 before and after inoculation were carried out to explore metabolic pathways closely related to
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nematode resistance. In order to further explore the regulatory mechanisms of resistance, SRNA libraries of CF25 before
and after inoculation with M. enterolobii were sequenced to identify a total of 133 differentially expressed miRNAs.
Based on the criteria of P<<0.05 and |log,(FC)|=3, 33 significantly differentially expressed miRNAs were identified,
including 19 known miRNAs and 14 newly discovered miRNAs. Target gene prediction for the 33 miRNAs yielded a
total of 373 target genes, with miR5658-z having the highest number of predicted target genes. GO and KEGG analyses
showed that the target genes were mainly enriched in pathways related to plant-pathogen interactions and signal trans-
duction. It is speculated that miRNA-mediated signal transduction and plant defense responses might be important rea-
sons for the resistance of CF25 to M. enterolobii. To preliminarily verify the regulatory relationships between differen-
tially expressed miRNA and the target genes, six differentially expressed miRNA and the target genes were selected for
qRT-PCR validation. The results showed that the differential expression trends of miRNA and target genes were con-
sistent with the high-throughput sequencing results and generally conformed to the negative regulation pattern between
miRNA and the target genes. The results of this study suggest that miRNA may play significant roles in the defense re-
sponse to root-knot nematodes and lay the foundation for furtherly elucidating the mechanisms of miRNA-mediated

nematode resistance in pepper.
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5 E M ( Capsicum chinense ) 2% JE K 4H %k
$& ( http://peppergenome.snu.ac.kr/download.php )
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FEAEM GO ZH, KitHEARR P @ g KIE
2ZJ&, UL corrected-P<<0.05 ME{E, W &5
1) GO term & X NTEZEFRIBEA T B E FEMN
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H i 3L R B9 A X R ik . i ] Microsoft Excel
2016 FAF XA X 2Rk T B AT g R L



1574 o AE B F AR 5 46 4
%1 QRT-PCREI#FFIEE % 4 K (Mi-R4-1, Mi-R4-2, Mi-R4-3 ) ) SRNA
Tab. 1 Primer sequences for qRT-PCR tests jCEbF , ﬂiﬁ%@%{ﬂﬂfﬁ A&l 1 AT, ﬁ’%UM Mi-RO
mirna LI i >3,) T “’g >3,) il Mi-R4 $13575 39 810 053 71 34 003 912 & J5lA)T
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I y 11753
U6 GATTTGTGCGTGTC GGGGACATCCGATA A, FISAEIRIE S 33 ‘8,51 394 Fil 29 645 658
ATCCTT AAATTGG ey H, oA bR A R 85% 1 87% . B
Actin GCTGGACGTGACCT GCAGTTTCAAGCTC EREER T sSRNA BB N 63 497 052 4, Hidfg
AACTG crocre $5 rRNA 10 351 257 %% (16.3% ). SnRNA 277 536
miR1448-z TCTTTCCAACTCCT CGCGTCTTTCCAAC r R =707y S
CCCATACC TCCTCC % (0.44% ). snoRNA 87954 %% (0.14% ). tRNA
miR8028-x TGGTACAATTGTGA CGCGCGTGGTACAA 499 442 % (0.79% ). exon sense 6 709 635 %%
AGAr et (10.57% ). B4 miRNAs 9 149 130 5:( 14.41% )
miR5658-z AGGCGATGATGATG GCGAGGCGATGATG o o/ mi s AR TS0
ATGATGAA ATGAT BB miRNAs 384 833 25 (0.61% ). genome
miR5185-y GGAGGTTGGCTTAG CGCGGGAGGTTGG others 19 396 665 25( 30.55% ). A FEFFH 16 640
AAGC CTT
0 N A et
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ATCATTT AATA X ) - s .
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ATAS3 TGCTAACGCGGCTT AATGGAGGTTGGTG 2] 65%LL . 25, AU sRNA 51 5
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Fig. 3 Analysis of miRNA lengths
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Z0a) DA e 4N A W 2 TR AR S R RN, X
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FOG HRAL R A R IR B B i 0 s e 3, HLBR B4
T, Vi B AL BT AN R ZH miRNA 25 5 LK
MW EY#EEZ B miRNA $daR it —
FE I SRAENVE U T YA TR A A X R
K H Pearson FHICME REKT 6 AFEA ) AH S E
TPoHr, MRRBOBEET 1, RFEREAZ AL
PRk . S5 R BN, AR T A R A S
B 1, U WA — B . AL RAEA

AR EMEAL T 0.98~0.99 Z [i], RIAFFE—E £ 7
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miR5185-y % 11 4> miRNAs N FiFEik, i
miR5658-z. miR1448-z. miR8028-x. miR477-x,
miR169-y, miR7712-y. miR477-y. miR395 % 8
A~ miRNAs WM T RSB EH (& 6C), T
TERT KB 14 4> .35 22 57 3835 miRNAs 1, Fif
FRIEM miRNAs A 54>, 4354 novel-m0242-5p .
novel-m0617-3p .novel-m0667-5p .novel-m0307-5p
Fl novel-m0253-5p; 22 T K IEM miRNAs A
9 1>, 435128 novel-m0465-5p. novel-m0280-5p .
novel-m0548-5p . novel-m0279-3p. novel-m0238-
S5p . novel-m0128-3p . novel-m0610-3p . novel-
m0395-5p Fl novel-m0033-3p ( ¥l 6D ).
2.4 #ERFIE miRNA $EEEFN

Xt 133 4~ 22 573 K15 miRNAs JE17$EIE R Fi)
R 1781 MEEEL, HAGE KRR 2EFRIX
miRNA R 13 fi5. Xt 33 &2 R RIAN
miRNAs FEATHEIE R0, 753 373 AFEHED,
HPTE 19 4B 50 miRNAs F i 51 296 AL
miR5658-z AL IL I Bt i %, O 83 4>, HiK
& miR5185-y, TZ] 38 A~HEIEH . miR8028-x
wME 37 RN, HEAE =, 1M miR5530-z
AT E] T AR . miR8010-z Al miR399-x %
A TICI BFEHL A B K B 14 > miRNAs 3L
] 77 A~HIEH L novel-m0238-5p T 1Y #1 5L H
&%, N334, HIKH novel-m0617-3p, Fiijl 2|
17 AHEIEH . novel-m0253-5p Fiil £ 13 MHEHE
A, HEA 26 = .1 novel-m0667-5p 1 novel-m0610-
3p A s 1 AR (2 ). novel-
m0465-3p . novel-m0280-5p . novel-m0548-5p .
novel-m0279-3p .novel-m0395-5p .novel-m0033-3p
X 6 81 & L miRNAs A T S48 HE R 2% 2 ),
25 #£RFKiE mRNA BERE GO E&
KEGG R 5118 i 2

HE—2 %t 25 5 1 2 miRNA [ #L3EH 1T GO
B M KEGG Ulfa g Hr o KL AY GO TE
B IR AE Y2433 72 (biological process, BP ), 4fl
it 4 4 ( cell component, CC ) Hl4; T I e
( molecular function, MF ) 43k 3 25, JfKfixX 3
4 H i IR R 3 22 S BE B H e KRB/ ik
TPz BP g A HiRE, R84
T AR A s Hk Oy MF, FEAE
THE LI BEFARDI R CC, £
B b T AR SRR R AR A A A (KL 7).
HEFHRZIEARUIONE S AlgdR.

b R AR AT

Xf 225 3% miRNA AYLEEN #E1T KEGG 18
FEE T, K2 UEHE IS A TR 2E R
Horp, WL 2 E A TAHY) R RR AR R R
( plant-pathogen interaction ), H:¥X & MAPK %)
{5545 F&4 (MAPK signaling pathway-plant ),
AR5 ( purine metabolism ) FIFAIR 4 KA
Y14 Mi( monobactam biosynthesis )55 i #( & 8 ),
BETHDREEREAENEENELZ, B8 T
27 A B PBCEE (5 25 A2 MAPK Y5 5 5%
FiER, BHET 11 NEER . X E
KEGG i J&if 47532, AT IR B [F] 425 2 40
K. X 33 A 2E 5 R IA miRNAs il 68 4>
FOJERTE 58 A5 A A A AR, Horh BREEE 1
( environmental adaptation ) F1{5 5% 5 ( signal
transduction ) iX 2 F&AE iR AR E 5 1R N i
Z (K 9), MuLnl i, 23225 miRNA L
D] 32 & AR TAR B A8 S 1 A 5 7 52 %% KEGG
WS )E R, N CF25 YL H GARSEL Mo
FHLF A BE FEIET miRNA A SR b5 1 f
I R AR5 5 S R DG PR ) e R T 4%
26 ZERKIE miRNA REMERFERKRILEIE

JPEAE 25 5 F IR miRNA K HHE L A Ja] ) 3
R, FIH qQRT-PCR X 6 1~ 57 %5 miRNAs
( miR1448-z ., miR8028-x . miR5658-z . novel-
m0128-3p. miR5185-y. novel-m0253-5p ) M H:%f
N HEFER ( CC.CCvl.2.scaffold436.45, CC.CCv1.
2.scaffold876.5 . CC.CCvl.2.scaffold703.8 . CC.
CCvl.2.scaffold785.9, CC.CCvl.2.scaffold19.56 )
WATFRAE ., ME 10 FrR, SR LT,
miR1448-z , miR8028-x , miR5658-z, novel-m0128-
3p TEHM R H O EE fU5 B R R
FHHP LR CC.CCv1.2.scaffold436.45( RPS2 ) . CC.
CCv1.2.scaffold876.5( ATAS3 ), CC.CCvl.2.scaffold
703.8 (CCD7) S ¥ LiHFE A, 54 miRNA
T 45 B0 5L P R S . 1 miR5185-y . novel-
m0253-5p W22 B b ks, HALEL CC.
CCvl.2.scaffold785.9 ( ADK ) . CC.CCvl.2. scaf-
fold19.56( FLS2 ) 2 I T Rk &% . ] W,
Fri# 89 6 4~ miRNAs DI N 5 HEIE A Y
qRT-PCR FKIN B IELE R 5 H T RNA-seq YR &
IR AT BT 45 FE AR — B, U B 25 F R AT
HiX 6 4> miRNAs 7] fig 54 R IE A —E 1)
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Tab. 2 Target gene annotation of significantly differential expressed miRNAs

- [ B
miRNA %ifﬁ AU
target genes Target gene

miR827-x 2 At4g38062, RAD50

miR827-y 6 PCMP-H60, RLP1, FBPbanl, CBSDUF1, IF2CP

miR5530-z 1 At2g40450

miR10518-z 10 BXL7, ALMT9, GL1-5, GSIT1, FLA1l, AMT1-2

miR6023-z 27 HCR9-0, CF-9, 9DC3, RP2

miR399-y 7 PHT1-7, IST1, INVA, NUC

miR5261-z 23 At3g12390, RCA, MIK2, PCMP-E80, PSI2, At3g12390, BOR2, PAP17, ASL2, METE, RPN6, PEX1,
GS01, ARF4, CUV, RPL24, PATROL1, GCSl, ITPK3, ERF003, CRK26, IGHMBP2

miR399-z 10 PHT1-7, Tm2(2), R1A-10, R1B-16, At5g14430, R1B-12

miR5185-y 38 At1g63430, TKT2, CCC1l, WNK2, NEK5, FTIP3, At5g46580, PTST2, ABCC3, XTH28, BOU, APRRL,
TUBA, CARB, CYP94C1, VPSI3C, At5g46580, 1QD1, At3g55350, AGL65, DYNLL2, BOU, Atlgl1620,
At3g02320, CS2, NLP5, GGT1, ACA2, At5g56420, BOU, RPS6A, CTF7, FTIP3, NACO056

miR5658-z 83 BAP2, At2g47680, HMALl, GLOX, pdsba-b, DGK7, MYB306, COV1, SAUR32, OVA7, TOR1, CHUP1,
PGMP, GDU3, MYC2, At1g33170, VQ4, KIN7D, GLOX1, FTSH4, SINAT3, ankrd13c-b, DAT, LTPG1,
SPAPB24D3.06c, HVT1, rnfl2-a, MYB60, dskl, RL3, SBT1.8, ABRl1, FLZ15, BRM, CPRF2, FHAL,
OXAl, OFUT19, CLPR3, NAC017, MYB20, ZHD4, BRM, DOF3.1, AIL6, LPAl, YAB5, ZAT5, KUAL,
AP2-1, ADK, ML2, MTERF1, CLE13, ASAT3, KAN1, PLT2, At2g25737, SRS1, C/VIF2, Ipo5, SYP61,
UPL4

miR1448-z 28 murG, PHRL, RPS2, ROQ1, RPP13L4, At4g27190, ARSAL, At4g19060, UNI, ENT3

miR8028-x 37 RPS2, SBT4.14, FLS, PARP1, HCS2, Os02g0677700, PRL1-IFG, At5922620, R1C-3, TAF12B, At4927190,
CDR1, MIZ1, LYK5, LYK4, ALA1l, RI1A-10, HAT3, CURL3, ABCB29, PPD5, At4g27520, At3g47110,
MSL2, ICP55, ACA2, RLP44, UGNT1, FLOT6

miR477-x 6 NUG2, AAE2, RFC3, RAM1, RPL19A

miR477-y 2 CYC, BAT1

miR169-y 5 Atlg77840, SOV, SWEET7B, URH2, DOF3.7

miR7712-y 3 WSD1, ABP19A

miR395-y 8 BCHC2, ST3, SULTR2;2, APS3, APSL, SULTR2;1

novel-m0242-5p 4 ROG1, IAMT1, ELF3, At2g30270

novel-m0617-3p 17 RPM1, ccbl, SNL6, Mo25, APY1l, FBL12, Atlgl2460, R1A-10, BHLH95, At5g05130, PDIL2-1, ADH1

novel-m0667-5p 1 PVSL

novel-m0307-5p 3 eif2bl, RBK2

novel-m0253-5p 13 XA21, FLS?2, tmem87a

novel-m0238-5p 33 0s05g0155601, ART3, ART2

novel-m0128-3p 5 SCL15, NSP2, SCL6, SCL6, CCD7

novel-m0610-3p 1 APY1

3 itig

A 5 38 3 e 3 A 0 X 4T /N K R
CF25 #:Fh4 H G S5 26 T 5 19 miRNA ik
ST TR, ikl 33 MERBEREEN
miRNAs, H 1 —2 miRNA 7] fE S5HiiEtEA —&
KFR . miR5658 TEHLMEP HUMAEL IR 4 d 5
PR N REFE A, 1M miR5658 78 # AR B
M%7 ( Cucumber green mottle mosaic virus,

CGMMV )24 I\ 1dpi it 30 T T ik,
TR miR1448 Bk R JE 5 HUw M E /Y
miRNAPH, ZEABF 5% b miR1448 F I T M %Kik
o miR395 ] 3 4 1 5 A7 R £h A 0 R 4 s K A ke
R G s e e 11 FEARRESEH miR395 S
T XS miR399 7EHIEF Al UZEHE( Citrus
microcarpa )JE& 44 i 1% 15t 4779 I ( Xanthomonas citri
subsp.citri) 5 d W, FKikim@ERM, 7EHHED
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PO B TR EE R YL 5 LR R SR ik
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9.56. 8.19, il &I 17E BRAPT AR 45 4k HUX — i 72
A REARHE T B MR, (A — I R 5E

AT HRFY miRNA FEHRPL S H RS54 H
R PLHIAER , ARUFF X IR AT T
T FN I HESFHT - miR5658 & 33 B3 25 R kik
miRNA FERHIE R Z M miRNA, Y
ATRE S PURMEA RN MYB20, MYB60,
MYB306 45, MYB S5 Al 4 Hh i K 10 7 i R 5
Kz —, HM GG N SESF i MYB 25455
5N G ST X R S O s ARSS A, T
P B (SR IR K R T L
T i L R B 3 w7 R 2 P A RO
TE B0 B AR GL i, MYB20 7E 30 5 b DU 2 4%
( Citrus microcarpa) H R & £ 7RIk,
Bom g HRAE LT 3465, 25 TS
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PR Z WA Y s AR AR bR 40
MR 22—, ReSAEAE LS R AR 1Y



1580 o A F AR 5546 %

3_I:IROI:IR4 6 - = R0 — R4 3_|ZIR0\:IR4

& 2 & 4 22

2 2 2

[} Q Q

= = =

o Fi‘ ng_ | ﬂ F_‘
0 ] 0 M =

miR1448-z RPS2

novel-m0128-3p cCcD7

0
miR8028-x RPS2

5 - =2 R0 c R4 2.5 - == R0 o R4 4 = RO =R4
4+ 20 jit 3 -
S 1) S
g 3+ _S 1.5 E
"5 o [ 2r
B 2F 2 1.0 et
(=] o o
=~ B~ B~ 1F
L[] ] B u
0 . 0 o L
miR5185-y ADK miR5658-z ATAS3 novel-m0253-5p FLS2

B 10 Z5% miRNA RHEHEERE gRT-PCR RIAKIE
Fig. 10 gRT-PCR verification of differentially expressed miRNAs and their target genes

A R B B AR Y, MYB60, MYB306 9%
FERE DI 7 T AR DR, (o Al AR W i 3R
EAZ, I MYB60 25 1 41 it Hh i 1 48 4 1 £y 14
T AR, LIRS ILITH, wi A B R
B REROR T R . T MYB306 7E3HE T 15 R
b, SIE N ta O = N 1 AR < 1811 [ P A
F2 53 FIEM miRNA H1, novel-m0238-5p & Tl il
SL R B 2 1 miRNA, Al #im] ART2 2E[A . ART2
S CoH, BVEEFE e SR T, BEAE /KR i 2o 3]
AN BERA G 11 Os01g0827300 | i ¢ ik Sfe 3
S 200 6 R (A SR A, DA T % R A T A2 B
miRNA ] 88 m Hrm 3 B, LEAE Y = AR P
N o AT TN ) ML R o AR T A R R
HAE, G SHEMN. MACHEER FEE R
FLS2, RPM1, RPS %,

LT R AL P BE 15 CF25 #2 b
50 KA 4 R EZEFRAEFNFEEET
&R . WA R e & S im0, g%
AR miRNA 2257 R R TEA 0T,
WIS 19 N8 352 5 KK miRNA, (R4 3L
PITIRE, I8 miRNA DGR Ry HE 5% 20 0 5L
KGRI, IO RUHCER, fE
SR WAMNRBAM K PKSL. AACHA /Y
GGTL., MUK ADK ., (A2 FR QA C
() ASAT3 FIIR BRI AH OC I AAE2 455 55 280
AW ARG, AR A W A i APSL,
RS B TPSLL Al £ 4 N R A L CCD7

B, EERNEREFMEIEN, WL E MK
FEH AGL27 ., A9 iE iy LR LHY F1 DNA & il
FISCHE RFC3 455 55 IUE A 5 7 S 1 A 56 1)
HH, I SBT4.14 F1 SIN2 45 45 125 WAt s
LA, 40 TGAL, RPP13, FLS2 fil RPR2 %5, Hillt
ArhL, FLS2 Fil RP2 Al fig /& CF25 7F miRNA Ji#:
TBHG HEAREE L R EEHE N . novel-m0128-
Sp TEFERN G Fak EFAR T 1.37 £, Ho e 3k A
J& FLS2 ¥ B JEHI 8 1 FLS2( flagellin sensing 2 )

SRR T XU RGN E 582 R 5 52 R FE G,

FLS2 A3 o PUNHE 8 R0 fg22, XA
R R i 1 BT FLS2 2 A ) fe 28 22 45 ) o
AR AN, PR N B FLS2 HES SFEEY
XL TR B R Y FLS2 J2#EF 50 ( Solanum
sisymbriifolium Lam. ) W5 #5259% ( eggplant ver-
ticillium wilt ) il i 5 B 2 o 2 AR B
BkPiistz s ( Pseudomonas syringae pv. actinidiae,
Psa) MMEREHTIE L NP FEAHE ST A, 2T AT
SRR T LUE B, BUR/INKBR CF25 7E4:F
SHEAMREEL R 4 X5, FL2 FIa#ERE,
novel-m0128-5p iE it i ML FLS2 3858 T
CF25 s 750, M Hyumae ). Baidt
i R K Z%¥0U8 T NBS-LRR 2614, NB-ARC
J&F NBS-LRR EHEHATH—14r3%, llEd
454 ADP 5k ATP kZ S5HIYHTs & A 548
Ak, T T T8 A S 8 L 55 9 D T AL

RPS2 JEHiLAIf{) NB-ARC 2540k A, 7EHI R TF
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T HEBHME ( Pseudomonas syringae ) 1 & 1%
FEAEUY ) AN, RPS2 fE K Gt ik, X
L TR R I TR R 200 B T AR K R 1 A
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