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Abstract

This study aimed to understand the self-incompatibility mechanism in Citrus grandis var. Shatinyu.
The one day, two days and three days styles of Shatinyu after self-pollination and cross-pollination
were used to construct small RNA libraries and the all Small RNA were sequenced by high-throughput
sequencing technique. Then, the differentially expressed miRNAs were classified and predicted,
and the target genes were annotated and the KEGG pathway was used to investigate the effect of
miRNA on the self-incompatibility of Citrus grandis var. Shatinyu. The results showed that there
were 178, 179 and 186 known miRNA and 640, 739 and 801 novel miRNA in the 1~3 d self-pollination
style, respectively. There were 232, 122 and 219 known miRNA and 1184, 476 and 836 novel
miRNA in the 1~3 d cross-pollination style, respectively. Moreover, statistics of differentially ex-
pressed miRNA showed that there were 16 differentially expressed known miRNA and 23 differential-
ly expressed novel miRNA coexisted in Z]J1/Y]1, Z]J2/Y]2 and Z]J3/Y]3. Gene Ontology enrichment anal-
ysis showed that the function of differentially expressed miRNA target gene was mainly involved
in responsing to RNA degradation, transcription factors, plant hormones, plant-pathogen interac-
tion, binding function, kinase and other metabolic processes. In sum, through this study, some
miRNAs associated with self-incompatibility in Shatianyu were discovered. These results will pro-
vide a theoretical reference for further exploration of self-incompatibility molecular mechanism in
Citrus grandis var. Shatinyu.
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1. 5|8

H 22 A~ 3F F (self-incompatibility, SI)E*E%%: K B AR AT B PR R 1 A B R B LA, I e
WEX T AR B L Z A E BB HAr, AMIRIAEE A, k. ZSF ’”’”%ﬂ
A1 B4 80 Z N FHE 3000 %WE%EPWEZ?E% H A ERILG, I Hak AT 1A RH 5E[2] [3]
[4] [5] [6].

7 B 25 F RGN, NS AR . B AR [7] (8] M4k AESE(9] [10]. ZHTRGAE(11]
[12] (131570 A A SRR A . BE A A2, DURRH G REAT T ARG 9T, IESE T V0 A B
LAEAE TR T A SASERRR, RN T AL —SEOSE T AAEMER, e —L
RIERIEAT T e BRI D eS8 IE -

MicroRNA (miRNA) K ZEF 4 tf— 2 P IaPE R AEgR D RNA B, KEZ0N 19~24 nto XY IEK
RE R F5HS. WS A A =R D68 14] [15] [16] [17]. HEHATEMEY B LA
SRANBIEFE P g R L5 % miRNA (R FEARIE . AFF LA RAE 1. 24 3 RACH AMEL, #E/ RNA
MFPSCPE, AT miRNA QPR 2R RE, W22 R RIEM miRNA AT HEIE R T, Fx #0 56 R B 7E 1)
GO LifeiER: L & KEGG pathway V1R, #R1T miRNA 70 Hh H AL ER
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2. R 55*%
2.1. HARALIE SIS

SIS AR AV BAH(Citrus grandis var. Shatianyu Hort) {641 . 7E¥0 H MR BRAEIH@E B F a4 5% v |
FRER HEAT N T B AESZ R (20 B M < vb FERE) RN SR AE 20 (BR M < Vb F R, ARG IR BT 1~3 d (brid AN
ZI1. ZJ3. ZI)MRZHR 1~3 d (bRt YI1. YI2. YI3)EHIAeA:, SCENRNRA, 1RA1E T -80°CHaM%
RUKFE &
2.2. 2 RNA BURBENE S EEMaRE

/& RNA 32 HCRH TRIzol 7 & (Invitrogen 2 7)) S L EAEF M AT . BF S50 BERBHH
HRRAF AT,
2.3. T4 miRNA B4 E

3R sSRNA £ blast B bowtie LX) F] miRBase #EEE, X253 CH1H miRNA. # miRNA
KK H EFF R Mireap HFET FUI
2.4. miRNA SBEENFN. GO heEERER KEGG KBRS

K H psRobt Fl TargetFinder FAFi1T miRNA #EIE LA 7 o #EJE K 31T GO Thiat & R E T 5
KEGG AQCHHE B & 4 % 20120 5% H GO $d FE (http://www.Geneontology.org/)fl KOBAS (2.0) 4% 143347
3. &R
3.1. MFEIRGT

SCEEMF3RA3 Raw Data 403t LB =T Y. 30tk S umdkiz 3. polyA, LLK/MT
18 nt JFHI%E, 6 MEEMIRIGH clean reads 737 : 23046850 (Y1) 12556786 (YJ2). 23949192 (YJ3).
20472150 (ZJ1). 18567950 (ZJ2). 22197840 (ZJ3). HiLXf 6 NFEM I sRNA #H4T T KES 1, KZHD
HITHBER) sSRNA HIKEEAN T 20~24 nt, 6 NEES ) sSRNA K BCREI 2, 21 nt B sSRNA 3 i,
15 clean reads [{]ELI#ERAE 47.75%A F, 5352 24 nt. 22 nt F1 23 nt, FFAHEY sSRNA [FKE .

3.2. sRNA S E

TEFTAERAS B, ATREAAAE > sSRNA [FI EExt B AA R RAE BT O 9 1 PRUESES unique
sRNA HA5—/MEFE, #i 4 rRNAetc > known miRNA > piRNA > repeat > exon > intron {1t 26T ¥ sRNA
BEAT LEXS[18], A X EATAIRAE 21 sSRNA H unann SRE7R . ARSELR 6 MR ALK sRNA (117 R
fEEMAE 1.

Table 1. Annotation of SRNA classification

5% 1. sSRNA 921

Y1 YJ2 YJ3 Z]1 yAp) VAK]
Total resds 23,674,636 14,465,682 24,805,180 21,113,205 19,050,972 22,881,662
Intron_antisense 131,674 48,028 109,090 106,744 83,648 101,808
Intron_sense 233,195 86,556 213,500 190,080 146,821 183,147
snRNA 176,025 56,293 173,644 205,567 283,041 271,680
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Continued
Exon_sense 460,594 218,320 509,796 369,665 313,847 415,809
piRNA 48 14 71 11 36 22

unann 9,094,074 4,637,853 8,450,224 7,412,571 6,682,942 8,169,189
rRNA 4,431,366 3,514,466 7,630,749 4,151,611 3,477,815 5,658,974

snoRNA 26,485 17,699 52,689 15,361 21,136 28,442

Exon_antisense 449,479 192,013 421,629 372,045 303,387 365,746
miRNA 7,790,619 3,566,187 5,959,941 7,499,949 7,112,740 6,724,324

tRNA 253,291 219,357 427,859 148,546 142,537 278,699

3.3. B4 miRNA BIZRIRSHT

6 ME A I3RS H sSRNA 18 blast 5¢ bowtie HX] % miRBase (4 F (http:/www.mirbase.org/), 3K
3 E 50 miRNA KT & 505 45 R W) 6 e it b AT miRNA J& T 27 DS — A AR E LI SR
S5 R 5 FIRE TS A 1) miRNA 55— F

3.4. 1 miRNA 70

Xt KV ERE_FATT RNA {HECX EIERIAANE F I S3CEE. W& F UL EERTE] Y sRNAs, FHAEE R
ST Mireap B8 mirdeep XF HiEAT /00 . Aad EEAHERE, 1E YII. YJ2. YI3. ZI1. ZJ2. Z13 $hoy
P EH 1184, 476+ 836. 640 739 F1 801 4~ miRNA.

3.5. BXSRZHHEZERREHE M miRNA FIH miRNA 347

A3 A ELEE YT1/ZI1.YI2/Z32.YI3/Z13 VA—AL 3L K - miRNA, L log2 #axf{H KT 1 Atk 64+,
T2z R RIE miRNA G5 RAE YI1/ZI1.YI2/Z12.YI3/ZI3 F X A L3845 7 16 A2 73R E 1) 241 miRNA
DA 23 AN 22 3 R IK 3BT miRNA (4 2).

Table 2. Differential expression miRNA between cross-pollinated and self-pollinated styles
2. BXR/BREHERFIE miRNA

HFE 527l Fc (YJ1/Z]1) Fc (YJ2/2)2) Fc (YJ3/213)
novel mir 220 CCACCGTTGTATTGTATGAGA 1.80 -5.39 391
novel mir 152 TTGGCCCCTGTAGAATTAGAATT —4.24 -3.97 -5.11

novel mir 1801 AGAGAAACAAGGAAAGTAGAATT -5.14 -4.89 4.40
miR9479-3p AGAGAATGGTCAGAGGTGTCGGA -5.22 —6.642 -7.26
novel mir 83 GAGAACCTTGGACTTAGACTCTT -5.41 4.00 -6.27

miR5139 AACCTGGCTCTGATACCA 1.07 137 133
novel mir 103 CTAGCTGCTGTAACTTAGAAACT 485 -4.39 4.84
novel mir 122 ATTTACTGACACACTTTGACAG 3.93 —4.50 -4.73
novel mir 14 TGACTCGTGAGTTGGCCTTG -13.68 -12.87 -13.91

miR6171 TTGTGAGAATCTGAAGGCTTT —6.70 -5.54 1.40
novel mir 125 CAAAGCTTGTAGAACTTGGCATC 6.57 -1.30 -6.99

miR419 TTGATGAATGGTTAGGATTTG -6.70 -5.54 9.67
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novel mir 310
novel mir 172
miR5813
miR5492
novel mir 1995
miR7708b—3p
novel mir 48
novel mir 453
miR7995
miR6173
novel mir 965
novel mir 1345
novel mir 187
novel mir 339
novel mir 1178
novel mir 488
miR9759
novel mir 87
novel mir 208
novel mir 397
miR9496
miR172a—5p
miR5712
miR841a—5p
miR8024a—5p
novel_mir_379

miR2089-5p

TTACCAACATTCTGAAGCCGT
TATTGTTAGAGGATAGACTGCCT
AACAGCCTCTGGTCGATGGA
AGAAGGAAGAATTATGAATGAGTT
CTGGACTTCTTTGACATGAAG
AGAATGGACTGAGAATTGAATGG
CTAGATGGAACTGTGGCACGG
CAGGATACCTCGTGGATAAGACT
TTAACACGTAGAACAATAGACATT
TAGCCGTAAACGATGGATACT
GGGGGGTTCGAACTGCTGCCC
TGGATGCAACTGTAGTACGGT
GCAACTGTGGTACTGTGCCA
TAATCAAAGATACACAAGGCT
AAATCTGTGACTTCGAAACCT
ACCAGCGCTGCACTCGATCAT
TCATAACAATTGTAGAATTATAAT
TTGGTTGAATGAAAATATAAAAT
TTGACAGAAGAGAGTGAGCAC
GGGCATCGGATCGGATTTGGA
CAGGTTGGGCTTGCTGGGTC
GCAGCGTCCTCAAGATTC
AATTATTAAATAATTGAGTGGAGC
GACGAGACCTTGAAAGCTGAA
CGAGATTTTAAAGACTTACAACT
TGACTCGTGAGTTGGCCTTGT

TTACCTATGCCACCCATTCCT

=71.59

—7.286

12.63

7.63

—1.00
-5.39
-7.79
—4.07
—5.26
10.19
-1.75
—4.80
—4.89
6.26
—4.26
-1.26
—5.66
—5.33
-1.39
—5.39
—5.63
—4.12
—8.33
4.52
9.20
1.96
—6.82
8.65
—6.01
12.67

7.92

7.57
—4.73
2.89
6.48
-3.99
10.74
4.68

6.68
8.11
—4.99
—4.87
6.15
6.26
5.95
5.88
7.30
—4.99
7.19
4.29
9.57
1.68
8.63
—7.44
=751
133

7.86

e RPEUEN 2 M RIA R log2 -

3.6. B MR LA T AERFTIX miRNA 547

KR N miRNA 12 4, Hd, 240 miRNA 7 4, # miRNA 5 4.

Xf AR S AS AT RS BRI 1) miRNA (5381 H B T 3 A8 A SERFH OC miRNA Bf5E . [RIHA
S A A AT AL A A R R P A9 miRNA #4748, 76 558 1~3 d 764 P4 E i miRNA
284N, HAF, B0 miRNA 23 /N, # miRNA 54>, 1MERA 1~3 d £4: F K miRNA (U8 4 4>, H
H, OV miRNA 2 /N, 37 miRNA 2 4,
EBEAAERAE 1~3 d A S E A miRNA A 21 A4S, Hdr, 241 miRNA 20 4, # miRNA 1 4.

3.7. BRMRRZHHFEERFIA miRNA RHEFREFTHEE
Fohvb Al E AZ IR PR A 4R miRNA AEEE R 2 51 GO 5 KO Rig&A #4704, KIHE
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TAEFEER A ) miRNA A 40 4, B ) miRNA 3£ 32 43X 48 miRNA SRR TN HEM )2 3 RNA
FRfi . RSN 7. MR MY SRR EMEAER . A ThEE. W UL B A5 AE TG A AR
WA

4. R ELER

HAT, CAWERY] miRNA YK E SR PP EEA 0, HXT miRNA 514 8 ZAZEHM
FIARSCIERT FEAR D> AW FTEE sSRNA JUFr, Rl SR e EE it 7 2 ERRE R DM
miRNA FIHT miRNA, AR AE B SR A AEAE RS 7 25 1 miRNA,  IFXFIX L miRNA ZEATHERE A 1
XHEEE AT GO KO DREERE, ik th il fE15 H A2 AN AR 9K ) miRNA .

4.1. REZEHEBTEBZFFMEXAFFRFRIE miRNA

TR A PEAE AR [ miRNA 7, novel _mir 1240 $EIE K DR8N B3 v2 R R (A 7150 LA K% S-1L s bl &R 115
novel_mir_1305 $EEEKIThEEA B-1,4- P V) SR K A B AN P9 1707 SR BE I s miR7545 UL R Th e 4 i & 22
M. W ARF EAESES . BPHEEF: novel mir 1399 #EFERITHALHE F-box & A cyclin &
novel_mir_ 1303 ¥JE R THBER 0N FE S R o IX 22 miRNA H7E VD B S5 38 FF i PR S 1 R IA T 7E H
ERE MR ANRIE, ULEHIX LS miRNA 2 0 /E A, 00 B A #E L R 7E e e fEAE R R IE, (13 758
TEMY T IE AR KT B AC AR BN R 2R B S AN ERMR N . H T IX 2% miRNA K% N HT I miRNA, <T
HLAE B ASANSERI P (1 B Th e IR T i3k — DI 7

4.2. BXHEHETEBZFFMEXAFFRFRIE miRNA

FEEASRE B R IA ) miRNA 45 : novel mir 2344 3 [ Th & A 5 15 s e 40 1) 771 5
miR9470-3p #EILRIINGER y-Z 3L T TR(GABA) A2 5B ARIZ 1S ; miR9560a-5p HEIE K ThRE A BEHH ¢
ARG miR395 LK T fE v FUMEA QAN 7E A0 B BE 0 & o R FE — @ fE T miR2118b R [K 3
RE AR AR FAEEThAE: miR8775 HEER DA EIEA 1z =0T B AR R e . fER EELH
AR, ARG K AT S 20 BE ) SRR A AR O B Rk S A, RN, FERY B RO 7R 2
ANWT ) B AT M B o M4, B A 2 U B U LE A B AR KR S| S 255 T R Y& EFH - 1T novel_mir_2344.
miR9560a-5p M miR395 7E H A FE e 05, i I8 miRNA A] e SO AL R 1) ik, e
ACAEAE A B AR 2 B

GABA fEAEK) - MES HAEFEEE S1EH, H GABA MK LB YRR 2 (e B A K R 19)
[20], FEIBSIEMERAKTERE, FERARETT DR REMGEE, miR9470-3p $LEF AL N GABA
ZARVL K S 5 PERE RIS AR, BT BEIE I SO P R A 1S GABA MR R AE B AR DA BRI R A K 1
Fra Re EHLNL, ARk AR K2 R o

Poulter %521 ]7E4U R IF H A A SEAIRE i P ORI 5 MVBE D/ FHMEEOREEmREE, £H
AAASERIP AT e —EMYER, 17 miR2118b HIELIEH DR MR A/ TR, HEAZ PR
PERIL, PEU]iZ miRNA W A]REFE H A AR RIEAER, kT HIhRE LA L4207 e fe gt — B w7t

1EHAZFE S, miR9560a-5p 5 novel mir 651 WRIMNFEE: LKA, BIfEEAE 3 RidfEbh—H
FARIE . FLRRBE LR ot B Th e N B SRR BE B2 AR M OC B U,  RESZIRISAR R MR, H
4 5 W 3 5 200 B B v 1 SRS ZH oy A, T R ST 4 BE 1Y) . T miR9560a-5p 7E H A2 HE i &
WREFFLE FOR, TR FCRE R R R HE ORI AR A AR 00 0 R S RS 38 5 e g TR (R AN SR
AR R o
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novel_mir_651 7£ H & P HAAE 2 e ERIA, 16 B ACHE S RFLR B, O R S8k R Dy e 3 2R
BT LS YIRS 515 S . HR¥E novel _mir 651 ¥EIEK () KO Thg iR, KIMELILK S 53
BFRAE 51 T Rl S 2R IR 0 5 IEE S R < T S 3R N S o s I - Y BAK T A1 BRI H AN ki
HAHHE, 177 novel_mir_651 B[R 25 BRI @i R 28 IR, 152 38 P4 R E o 44 1 4 it B 11 77 205 il
S O ARG, B 0 PR S A R I S T 40 B S . E R L E AR R R I SR 2R N R S S A
B ERFK[22]. novel_mir 651 £ HAZAEAAE M RFSE B H R 7E B AR SR ek Rk, i B 3L aT
RETE H AN SRR SR A8 B I A — e AR R, o LSk R R AT 7 iR 4% A1 B A K 2
F 4]

AL, miR845 7E HATHE S R BN ERSE N i, miR51851-3p. miR398a-3p N AHF4E Fifl, HE2%A
RO AHEHED, KT IX =AY miRNA 25 S5 B AL FHR R D) R il 75 Z ik — Pt 7t .

4.3. BX5RZHHPEBXFFMHEXERRIL miRNA

4.3.1. miRNAmiR160 ZRik

A RIS =4 miR160 FKK K miRNA, A miR160a-5p. miR160g. miR160b. ‘& 113 [H/E
FREFE R A K 3 N & [T auxin response factor. 4K R AEME AR K A2, HESESEH
AR E MO R R IR B O E EAE 23], ARy TR AR K S R PINS s R I AR K
R E KT RIEMER[24]. Pin8 RAZBIEN: 5 B A AL AHLL W R 2 R F%, 24 pin8 fEfEk it
FIEACKY E AR 0T NPA (FEELAT 2 I 2R R, #i) A2 K 2 fan) I PP I 5. [25]. X miR160 FKIE
BEFER EAT KO VERE, K ILBE L ARV R 2 A K R Ig i A2 (1) ARF Z5 % 5% B« BH L AT %1, miR160
Z 0k miRNA FU B KB AE B A B s, R0k B K2, 7T R H 28 A6 A SR IR 45

4.3.2. miR5059 1 miR172a-5p

miR5059 #ERBERZ, WHERRNIIGOEE BN D. B3 2 R E A ERER. A% RN N iy
KRB A KRG EOS . HPAKENEEOERP KO N AUX/IAA, BT EEAFEKREFES
BAETREMEA, FE AUX/IAA BEEEEDESESRET N EKRE SR 5EZ R EOBE
AT . 1M miR172a-5p $EIHE LA IR 2032 28 015 8 B R A2 Fh ) E3 B G481 skpl. miR172a-5p $E5ELA]
DR H5A = MR FIKPPR). BEBHEEE . 12 % KA A ABC EHHAMAMEHS . S-RNase
X EBRACKH & R MR RAEA, ] BRE A% BR N s 1 B B AR AR K [26], B R4 R A
i # E A P S S AAETS[27]. miR5059 A1 miR172a-5p (IHEIEK 2 5 12 200 & A A A HE 1%,
It dEE K S-RNase fEFEERH, RIREAE H A SER RS R HE T BEEAEH .

4.3.3. novel_mir_1770

novel_mir_1770 ¥ERE K D) R 2 — BTG BEAILIS 4-l ) FEIE A, KO VERE AL HEA LR B R A AN
BEARBEALEZ (55 R0 . ENIEEREIR(S 54tk , BRARMEALEE 4-Wfl 3 2230 H b B A & A2 7 AR 1)
Phosphatidyl-1D-myo-inositol %1% 37 #5# 1§ 1-Phospatidyl-1D-nyo-inositol-4p(P1(4)P), B J5 ¥ 1t N P1(4,5)P2.
1M PI(4,5)P2 FEAEH A2 AT 18 vhon) JE i i i LA S A R s HE vh A s R I [19]. 1 2 el b i)
PI(4,5)P2 #R &M B sy, MImEEmem & 14K [28]. ATLL, novel mir 1770 tHAI g2 5 R0 HAh E
SEANSEAN R

S, Y HRRE E A AR SO R S B AR 2 A% S Bt AR, H H RS T miRNA S5HEY) 5 22 A
SRAFIAH AR AR D, AEARTFRIRABTIL, LU B0 A B S AR AR 7 LR
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