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Mining and analysis of miRNAs from Eucalyptus camaldulensis
under low temperature stress based on
high-throughput sequencing

ZHANG Ziyang, LIU Yan, WEI Ruiyan, LIN Yuanzhen
(College of Forestry and Landscape Architecture, South China Agricultural University/Guangdong Key Laboratory for
Innovative Development and Utilization of Forest Plant Germplasm, Guangzhou 510642, China)

Abstract: [Objective] To predict, mine and analyze the miRNAs involved in low temperature stress response
of Eucalyptus camaldulensis, and lay a foundation for further study of the molecular network of regulating low
temperature stress response. [ Method] Small RNAs were sequenced by high-throughput sequencing using the
shoot tips of the tissue cultured seedlings of E. camaldulensis from the low temperature treatment group and the
control group (CK). The miRBase21.0, Rfam14.1 and E. grandis genome were taken as reference databases.

Bowtie, miREAP as well as miRDeep2 software were used for miRNA prediction. RNAfold was used to fold the
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secondary structure of the predicted miRNA precursors. psRNATarget was used to predict target genes. The
miRNAs with differential expression were analyzed through DEGSeq package, and GO annotation and KEGG
enrichment analysis were further performed. [Result] A total of 392 known miRNAs and 97 novel miRNAs
belonging to 54 families were predicted in E. camaldulensis. The 282 known miRNAs and 65 novel miRNAs
were predicted in CK, while 329 known miRNAs and 51 novel miRNAs were predicted in the low temperature
treatment group. At the same time, 80 significantly differentially expressed miRNAs in low temperature
treatment group were mined, including 55 up-regulated and 25 down-regulated. The results of GO annotation
and KEGG enrichment analysis indicated that these differentially expressed miRNAs might respond to low
temperature stress by participating in metabolic pathways, biosynthesis of secondary metabolites, cell membrane
changes, signal transduction, and biological regulation. In addition, we found 25 miRNAs that might be
associated with the ICE1-CBFs-COR pathway. [ Conclusion] The differentially expressed miRNAs are initially
obtained by high-throughput sequencing and bioinformatics software under low temperature stress, which can

provide some references for further analysis of the molecular functions of these miRNAs in E. camaldulensis

under low temperature stress.
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Fig.1 Length distribution of clean reads of small RNA in Eucalyptus camaldulensis
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Table 1 Classification statistics of small RNAs in Eucalyptus camaldulensis

Fh R CK {KIE AL Low temperature treatment

Type & Count i E/% Percentage 48 Count 5 H/% Percentage
i BEARNA rRNA 4787 452 30.27 3769 781 26.08
¥ M /INRNA snRNA 55 640 0.35 32977 0.23
#4~/NRNA snoRNA 33 402 0.21 24 413 0.17
HEIZRNA tRNA 828 159 5.24 368 918 2.55
HAtl Other 10 108 761 63.93 10 259 988 70.97
St Total 15813 414 100.00 14 456 077 100.00
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Fig.2 Venn diagram of miRNAs in Eucalyptus camaldulensis
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Fig. 3 The length distribution of the predicted miRNAs in Eucalyptus camaldulensis
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Fig. 4 The secondary structure of some predicted miRNAs in Eucalyptus camaldulensis
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Fig. 7 GO annotation of the target genes of differentially expressed miRNAs in Eucalyptus camaldulensis
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Table2 The miRNAs associated with ICE1-CBFs-COR pathway in Eucalyptus camaldulensis

ERNAY K%/t FFH(5'—3") FILRE A FEAID I BURFAE

Length Sequence Target gene Gene ID Protein characteristic

eca-miR-n33 21 ACGGAAUUGUUCGAGCCGACU ICEI Eucgr.G01938  ¥%3% X Transcription factor
eca-miR171g-3p 19  UGAGCCGGACCAAUAUCAC MPKG6 Eucgr.L00026 4 H ¥ Protein kinase
eca-miR171j-3p 22 GAUGAGCCGGACCAAUAUCACG MPK6 Eucgr.L00026  H A Protein kinase
eca-miR5780b-5p 23 UCCAGUCUCUGAUCAAUUUUGAC  OSTI Eucgr.E00345 1A Protein kinase
eca-miR390b-5p 21 GGCGCUAUCCCUCCUGAGCUU OSTI Eucgr.100977 & H M Protein kinase
eca-miR-n51| 21 GAAUGUCUCCAAUCUGCCCGA OSTI Eucgr.H04745  E A Protein kinase
eca-miR-n60 20 AGCUCAUCCAUCUGUAAGAG OSTI Eucgr.D02135 1A Protein kinase

BZRI Eucgr.H01239  #%3% X Transcription factor

eca-miR156m-3p 20  UGCUCUCUCUCUUCUGUCAA BZRI Eucgr.FO1541  #3%[ T Transcription factor

eca-miR1560-3p 20  UGCUCUCUAUCUUCUGUCAA N Eucgr.A02846 %3 [XF Transcription factor

eca-miR156j-5p 21  UUGACAGAAGAGAGAGAGCAC SOCI Eucgr.D02427 ¥ 3%[XF Transcription factor
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42 B

4% 2 Continued table 2

mMiRNA" K /nt F31l(5'—3") I ] FEHID T T
Length Sequence Target gene Gene ID Protein characteristic

eca-miR 159k-3p 19 UUUGGAUUGAAUGGAGUCU soci EucgrK00208  #%:%[A ¥ Transcription factor

eca-miR94a-3p 21 UCCCGGGAACAGAAUCAUUAC EIN3 EucgrJ00631  #3K[HF Transcription factor
eca-miR845¢-3p 20  CCUACAAUUGGUAUCAGAGC PIF3 Eucgr.B01825 3% [K-F Transcription factor
eca-miR-n38 21 AGGUGAAUUCUUAUAGAUCCA PIF3 EucgrB01825  #:%[A ¥ Transcription factor
eca-miR482f-3p 21 UCUUUCCUAUUCCUCCAUUCC Sizl EucgrB02470  E375 M IEH:ME E3 SUMO ligase
eca-miR23a-5p 25 UGAGAGUGAGUGUAGAGUAGGGAAU  HOSI Fucgr.E00402  E31Z RALHEHMG E3 ubiquitin ligase
eca-miR-n2 21 GCUCCCCAAACUGACUACCAA HOS! EucgrB00402  E3iZ ZALIEHES E3 ubiquitin ligase
eca-miR-n41] 22 UCGGAAGUCUUUGAGGGAGAGA EBFI Eucgr.C01723  E332 # M E3 ubiquitin ligase
eca-miR862a-5p| 21 AGUUUCCUUGAAGACAUCCAA EBFI Eucgr.C01524  E3iZ R ALIEHLH E3 ubiquitin ligase
eca-miR845a-5p 20 AGCUCUGAUACCAAUUGUUG EBFI Eucgr.C02778  E31Z % {03%EHM E3 ubiquitin ligase
eca-miR396a-3p 21  AAGCUCAAGAAAGCUGUGGGA EBFI Eucgr.C02778  E3i2 # ML H: E3 ubiquitin ligase
eca-miR7782a-5p 19  AGUGGUAUCAGAGCAGGUU BTF3 EucgrK02308  NACH HA A p-subunit of NAC protein)
eca-miR7782b-5p 23 AGUGGUAUCAGAGCAGGUCGUCG BTF3 Eucgr.K02308  NACEFBTE: f-subunit of NAC protein)
eca-miR827b-5p 22 UUUUGUUGAUGGCCAUCUAAUC CAMTA3  EucgrH04783 %% ¥ Transcription activator
eca-miR164b-3p 20 UGGAGAAGCAGGGCACGUAA PhyB Eucgr.A00380  J&/&5% % Photoreceptor

1) “|” A4 CIRBAE4NEZE TR

1) “1” shows significant down-regulation after 4 °C low temperature treatment for 24 h

SIZ1, 5% ICETI T i) CBFI~CBF3 41 K1
BTF3(Basic transcription factor 3). CAMTA3
(Calmodulin-binding transcription activator 3).
BZRI(Brassinazole-resistant 1), EIN3(Ethylene in
sensitive 3). PIF3(Phytochrome-interacting factor
3) Al SOCI(Suppressor of constans overexpression
1) %5, Hr, U eca-miR-n60 A 2 MHERL[A, H 1y
A 1AHEEER; £ miRNA $E [ [F— ML, Hein
eca-miR5780b-5p. eca-miR390b-5p. eca-miR-n51 #ll
eca-miR-n60 ¥JHE A OSTI. IX%E miRNA i 3 %
9 20~21 nt, 4% 8 MR A miRNA(miR156.
miR159. miR164. miR171 F1 miR482 55K ji). 10 4~
FELR A miRNA LK 7 H miRNA. B4k,
3 4 miRNA(eca-miR-n51, eca-miR-n41 Fl eca-
miR862a-5p) &id 4 C KA 24 h FEEER
FiI&, Hh, eca-miR-n51 ¥E[7] OSTI, 1M eca-miR-
n41 fl eca-miR862a-5p HJ¥L A EBFI, H K
miRNA =7 AR

3 Wit

AR g0 o i = I R I R R R T 54 A
F R 392 A E.41 miRNA 197 /N1 miRNA, I
LB E] 17614 MR . 55 IRALM B,
RIBAEFRLAE 4 °C 43 24 h ), T3] 80 AN 3

7 FRIB M) miRNA, 4 55 4 L miRNA Fl
25 /N T miRNA. GO 2 [K D) RevE R R B, R
BN miRNA IR E B S5 5/EH. 2— W
TERR L A R S 5 DL R Al R O
KEGG & &7 T, % 7K1k miRNA $EE K nf
BE7E AR 1T 38 5 R0 Ik A2 AR 9 1) A2 9 B Bk %
TER . MBS, RRIIE ST T 7T a2 5 255 %
ICE1-CBFs-COR J# 4 1] miRNA.

7E miRNA Pt #2 e, I Lin &M 1 BA%
B miRNA 75 A77E — L8 7 41 Jo ik UL L 21 B A 52
RARBLER, KIEFEATE Lin 25" ) miRNA 7%
HHAMEY K miRNA 45 )5, /8 miRNA %
M, H5W T TG g5 UCED, 1520138751
O miRNA . Fifi J5, 1% 2878 75 A1 miRNA LR
[] [ 4 3 R 4, P43 F miREAP A1 RNAFold #44
FEATEF A AR, BT ERE T IES,
BT EUR L DR 2 T ) miRNA A 7] B A7 76 18 FH
P, Ja g s ik gt — P IR .

TEREYH, AT B E I BE ) miRNA, A2
P . AR, miR156. miR167. miR395
miR399 KM 2 A il A AEAR IR AL 3 5 38 1B 35 2 5
Fik. Zhou %P FEH, miR156 KT 2 Wi N AEY)
R IE, B8 21 S miR156 RiA
BN M REPUE AT CFN39” EACIR i



3 ]

GBS B, 45 T il B I 5 (R IR B R /ke miRNAs #4248 5 73 Hr 73

T miR156 F£iL& FIF™, #F7 KB, miR167 Fl
ARF(Auxin response factors) A %, JH miR167 i@
IE R AR K R AP HRAE A B PO, LT R
18, (R E 2 1% F A2 miR395 1y LRk, K
H miR395abed B F A R -0 AR 2 K IR
FH o Gao FECY R ILAE T A It RKIA W EG ST ath-
miR399d 7 LA = & Al I T FE % o B 1 I 2L PR 55
B miRNA, A5 HoAth 3% 72 7 K% miRNA £
Ho AR A IR B A i AR TE

ICEl fE N RBEMEP R FE 7, HEFH
ICE1-CBFs-COR 4% #2 47 Wi WAL i o 2 1Y) 2 22
Wi, f£iZ @K+, ICEL B S5 MYB15P% 5
HOS1PY F) B AE R i CBFs S 3L R, =
Hil 5 S12152 8 OST1 () B/ sk 92 L 1E
o Bilt, Li 25 408 MPK3/MPK6 Al 5 ICE1 4
HAEH I B AL, FRAIK ICEL AR E 11 S HL %
eI, AT A YR R I+ CBF ik J i o€ ).
AARIG i — IR IR R 25 N5 108 B AH K H) miRNA,
Hr, eca-miR-n33 #[7] ICE1, W] IE#% ICE1-
CBFs-COR il % ) miRNA H#L[a OSTI [f] eca-
miR5780b-5p. eca-miR390b-5p. eca-miR-n51 Hl eca-
miR-n60 P #E[m] SIZ1 ] eca-miR482f-3p, Tfi F1 i/
5% B Y miRNA #2179 HOSI 1] eca-miR23a-
5p Al eca-miR-n2 LA S [7] MPK6 1] eca-miR171g-
3p Fl eca-miR171j-3p. UbAk, Li 557 $RiE BZR1 W]
CAIE V42 CBF1/2, Y898 ) SR ARG IR o 1) e
Jiang FEU HIE 506 T & @A K % B 1
PIF3 7] 5 CBF 8317 EHE4 6, SCOHEE e
{61145 ; T EBF1(EIN3-BINDING F-BOX 1) A H.
FERR R) PIF3 2EAT 26S A ERIA N SRR, 125
P S. g8 Ealkn, B fIX 2 miRNA W]
VIR RN T RSB P g ) SE R a1
73 F W 2% B 5E AR il o
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