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Abstract: [Objective]l MiR159 is a conserved gene family, which plays an important role in vegetative
and reproductive growth in plants, especially in the development of plant floral organs. In the miR159
gene family, there are usually multiple members, which regulate plant growth and development by act-
ing on their target genes. There has been no any report on the research of miR159 gene family in hicko-
ry so far. Therefore, we conducted a research on miR159 family in hickory. The aim of the study was to
reveal the secondary structure of its precursor sequence and analyze its stem-loop structure, in order to
explore the phylogenetic relationship of miR159 and the conservation of miR159 mature bases and to
verify the cleavage site of miR159 on the target gene and master its cleavage base position. It is neces-
sary to explore the function of miR159 in hickory, and the role of miR159 in plant development through
genetic modification to provide a theoretical basis for the study of the flowering mechanism of hickory.

[Methods]The precursor sequence of miR159 was obtained from the previously identified miR159 fami-
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ly members of hickory. The RNA Folding from online website was used to analyze the secondary struc-
ture of the precursor sequence. The precursor sequences of Arabidopsis, rice, soybean, poplar, and grape
in miRBase were downloaded to perform multiple alignments of miRNA genes. Then the bootstrap is
set to 1000 times using the neighbor joining method, and the evolutionary tree of miR159 precursor se-
quence was constructed using MEGA 5.0. The conservation of hickory miR159 sequence was analyzed
through the online platform WebLOGO, and the target gene of the cca- miR159 was predicted by
PsRNATarget software. While the cleavage effect of the cca-miR159 on target genes was verified using
5’ RACE technology with the male and female flower buds of hickory as test materials. The cca-
miR159 precursor sequence was amplified with PCR, and positive transgenic plants were obtained by
transgenic technology to verify their gene function. [Results]In this study, two precursor sequences of
the miR159, cca-miR159.1 and cca-miR159.2, were cloned in hickory. The cca-miR159.1 precursor se-
quence contained only one cca-miR159a mature body, the cca-miR159.2 precursor sequence contained
two mature bodies, cca-miR159a and cca-miR159b. The bases conservation of cca-miR159a were obvi-
ously higher than later, the base changes of the cca-miR159b at positions 4, 8, 9, 11, 12, 13, and 20 were
quite different. Evolutionary analysis found that hickory, poplars and grapes were clustered in the same
subfamily, indicating that the cca-miR159 was more closely related to the Ptc-miR159. At the same
time, it was found that the two precursor sequences of the cca-miR159 were clustered on the same
branch, and there might have been a duplication event during the evolution process, and the phenome-
non of gene doubling occurred. It was predicted that the target genes of the cca-miR159a were mainly
MYB family genes. The MYB proteins plays an important role in regulating the cell cycle. MYB proteins
mainly control the cell cycle by controlling the different periods of cell division, while the target genes
of the cca-miR159b are API and UBX, and contig780 corresponds to the AP/, which plays an important
role in the formation of plant flower meristems and floral organs. The expression of the AP/ promotes
plant flowering. Contig00675 corresponds to the UBX protein, which regulates the formation of growth
hormone. The cleavage site of the target gene of hickory miR159 was verified and the cleavage site of
the target gene of the cca-miR159 was basically between the 11th and 12th base, and its cleavage site
was different in different species. Through genetic modification, it was found that the number of leaves
of Arabidopsis thaliana positive plants overexpressing cca-miR159.1 was less than that of the wild type,
while the number of leaves of positive plants overexpressing cca-miR159.2 was reduced by about 10
days earlier than that of the wild type. [Conclusion]miR159 contained two mature forms of the cca-
miR159a/b in hickory, and the two members were mainly cleaved between the 11th and 12th base of the
target gene. The target genes of the cca-miR159a were mainly MYB family genes, among them MYB33
and MYB65 would promote the development of anthers and pollen. The cca-miR159a might inhibit the
growth of plant leaves, but the cca-miR159b would advance the flowering period of the plant. Based on
the above experiments, the next step could be to explore mechanism of miRNA and target genes regu-
late plant growth and development through the relationship between miR159 and target genes.

Key words: Hickory; cca-miR159; Target gene; Flower development; Transgenic

L AZ Bk (Carya cathayensis) Jg& T SHBE R L A% Bk
Je&, 2 E B AR 2 5 SRR AR SRk Aol 192 1L
X A PRt 3% 350 1) B B DR AR A, Ll AZ B AN
i R B A K A5 R TR 10 a4 ) Z2 A7 B[], o A
[FIPR A, K B I AR S A AR R, P B i 2 1 7

MV A FE o TRLIE B0 T 42 1 1 A Bk RS e AR A S
PRRIAIE 7E » R0 B8 S0I R A8 A e R LA Bk T
b AL B S A R B I T S AL A BT AR
WA AIAE R B K AMRIA A IR T, 22 F A5
T A EERIHE R &R AR O g1t R g



886 3 i)

S 4

55384

B RERGA)RR . HEiRRE, RLREREI K
T IR A RN 2, DT R 5 1 R 45 R A AR (H
Bl & X miRNA IR ABF AL, &K ILER 7> miRNA X f8
VIAESE B R B MR S — e iR .
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A LU R AL R IESRERE. T8
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2 5% AP B N FER , BEAT miR159 S0 T 1R L iy
PR H 73 A REEH TR RGN K 3 )
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Table 1 Collection period of male and

female flower of hickory

Ff bt AR # Collection period
Sample ARERIH Dormant period A KA Growth period
TiEAE 2018-05-16 2019-03-10
Male flower 2018-05-23 2019-03-19
2018-05-28 2019-03-29
2018-06-07 2019-04-05
2018-06-12 2019-04-08
2018-06-17 2019-04-18
2018-06-23
2018-07-16
HETE 2019-03-21
Female flower 2019-03-25
2019-03-29
2019-04-05
2019-04-08
2019-04-11
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%A, 43 Sl i 44 N cca-miR159a R cca-miR159b .
FRAG (0 LU AZ B miR159 R HAA 7 51 LSk 21 1L A% Bk
Bl e, I R BRIUAR SRAFRTAR 41 o 493 2 L A%k
miR159 Hi A& J¥ 4118 it RNA Folding Form Chttp://un-
afold.rna.albany.edu/?q=mfold/RNA- Folding- Form)
TELL M HEAT — R a5 .
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M miRBase (http: www.mirbase.org/index.shtml)
TE 4 Wk R 2 A0/ T KB K 5 (Glycine max) W
W (Populus trichocarpa) < %] (Vitis vinifera) S5
(K1 miR 1593 DR R & Kl 31)o AF MEGA 5.0 3%
5 1) Muscle X miRNA 5 [F 1T 2 E LR, 241
1 B N : Gap opening penalty ¥-2.9. Gap extension
penalty 24 0. Hydropbicity Multiplier 4 1.2, X} 45
FA% F MEGA 5.0 13z 4 #H 4522 (neighbor-joining)
P miR159 Wi ¥ 5\ 3E4L B, 85 82 {8 bootstrap ¥ B
41000 1K
1.4 WAZHE miR 159 1R =F 1% 53 #7 R S B (R T

3 I AE 26 °F £ WebLOGO Xf Ll #% ik miR159 |
FIRCRSFPEREAT 204 BT A4 miRNA 5 H AR
HAMEEEAR S B L AZ Ak miR 159 F K 5% (1 5
FE DR PRI AT DL ok 7 26 204 P psRN ATarget Chttp:/
plantgrn.noble.org/psRNATarget/) #f 17 Fiiill .« L,

E X A B4 P2 9 40 R 7 £ 2 (TAIR. Version 10D,
DA R N A TR EH D 45 1) L A Wk B S A B, S
WE NBIAE.
1.5 RNABY$2EUA K cDNA B9 & B

CTAB 72745 & minibest i ] RNA #2 BUR 7 &
(TaKaRa) HEHULLAZ Bk IE AL 2F () RNA.  FH Nano-
Drop 43 76 % i (Thermo Fisher) £l RNA 9K /&
AR FE , A5 FH B¢ R 8 e F Uk RGn il RN 1) 58 3 1
F|F PrimeScript™ RT Reagent i 7] & (TaKaRa) K &
RNA J i 56 /i cDNA , 1E AR TSR 33
1.6 EHRHKEE qPCR

i | SYBR Premix Ex Tag™ I \F| &[4
TAECRIE) A BRA AT, i qPCR X 5 (R ) Rk i
BEAT Mo 23 0 LAABL RS I 189 actin A1LLAZ BRI 5.8s
TE RN SR (K2 RMAKFR N SYBR Premix
Ex Tag™ 115 uL,cDNA 0.5 uL, IE [/ 5147 0.4 uL, 2
7] 51490 0.4 uL, B0 K B 5 (1 A ZE K #h /2 %210 pL.

=2 EEH qPCR 5|4
Table 2 The primer sequences of qgPCR

FEK 4 FK Gene name WE51%9(57-37) Forward primer (5°-3") TUFEEIPI(57-37) Reverse primer (5"-3")
actin GCCATCCAAGCTGTTCTC GCTCGTAGTCAACAGCAACAA

5.8s CACCCAGCGTCGCGTCTCAT CACCGTGGATCGTGGCAGTC

MYBI101 CAATGCCACTGAGTAGGT CTATTGGGTTGCTATCTT

MYB33 AAATCCTGCGACCAATCT GGTATGTAACTTCCGTGCTT

MYBG65 GGAAACCGGTCAAA AATAGCCGCCCAATAACTT

MYBS1 CCAGTCATTACCCATTCT CTCACGCTCAGTTTCATC

MYB97 CCAGTTGTAGCAGGGATA CAAGCCAAGAGTTGAGAT

PCR Y™ 3 e MFEFF : 95 ‘C AL 30 5;95 ‘CAEME: S s,
60 ‘CiEK 205,72 ‘CHEMH 40 s, T 40 MG, A
AT 3IREEARE R . SR 27 R EAT T
1.7 5 ’RACE$EE H ] £ 5 36 iF

i F GeneRacer Kit (Invitirogen) i 71 & ,
miR159 (1148 5 R V) # 47 #4538 47 RACE 7 14 56 31F .
5 — % PCR Jx MAK £&,*% F touchdown PCR , Jx V. %
¥ :5 cycles: 94 C.30's,72 “C.30s;5 cycles: 94 C
30,70 'C.305s,72 'C.30 s;25 cycles: 94 C .30 s,
68 C.30s,72 ‘C.30s. SRJGHATE # PCR, KM
FEF A 25 — % PCRo 28 5 PCR ¥ 3G 7= Wi 4%
F| PMDI18 77 % % /& (TaKaRa) b, 3784k 3] K g 1
B8 DHS o /852 25 40 8 , Bk 3k BH 14 e A 1 %o gk A7)
756 AIE o 35 R U0 B A A 56 IE BT 51 P an 3k 3 B
TN
1.8 cca-miR159.1%0 cca-miR159.2 BI{RFEF 7 & LA
Rid ik Sk

1§ F Primer5 3% 4 %} cca- miR159.1 1 cca-
miR159.2 T 4 [ %) k47 51 % & it , 15 3 cca-
miR159.1 W 1E 7 519 5 -GGGGTACCTGATCCCA-
CAGCCCTATCCATA- 3" , [ [f] 5] % 5”7 - GCTC-
TAGACGTAAGGAGCAGAGCTAAAAGAG- 3’
cca-miR159.2 (1 1E 1] 51 ¥ 57 -GGGGTACCCCTAG-
GTTAATAATCAGTAACAATT- 3", [z [0 51 ¥ 5 -
GCTCTAGATCTGCCGAGTTATGGATTCCACA-3’.
RS 5 N Kpn T F1Xba T FR$|1ERN
DIBERE DI S (R34 » i g2k T AR TR
A B A T A . PCR LR : 94 C Fi 48 v
3 min;94 ‘CA£305s,56 ‘CiE-k 305,72 CLEH30s,
35ANIEIN ;72 CHEMH 8 min. FRAF H I A BOE R
B XY pCAMBIA13011 F ik @k, i &6
o RIE AR AL B AR B GV3101 Hr.

1.9 RFEHULURFEEFRBHEREE
T8 R B A T I AR AR G 0 R T R A
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Table 3 cca-miR159a, cca-miR159b target genes splicing site primer
FEE RIS RNA HEEEDR A4 B Gkl
miRNA Target gene name Primer sequence
cca-miR15%a TCP2 F:5-GCCGGCTTTTCCTTTACCCTTCTGA-3’
R:5’-CTACCGTCGCCGTAACAGAGCTGCA-3’
MYB65 F:5”-GGTGTTTGGTTTGAAGGGGGCTCTG-3’
R:5’-CGAGCATCTTGCGACAATGGCGTCT-3’
contigl105.7 F:5"-CCCACAGGGATTCATGGGCAA ACG-3’
R:5"-GGCTGCCCGAAAGACCACCAAAAG-3’
contig252 F:5"-GATTGGCCATTGGAGATTTCCCCA-3’
R:5’-CAACAACCCATTGCCACTGCCCTG-3’
contig275 F:5’-TGGGTCTGCTCTGTCGGA-3’
R:5’-GGAAGTGGGGAAGCA GGC-3’
contig347 F:5’-CTCGTCGGTTGGTTGTCC-3’
R:5’-AAGCATCCAGCAAACCGC-3’
contig389 F:5’-GGAGAGCTTGGAGCTGGC-3’
R:5’-CACGTCGGTTGGGAAGTC-3’
contig454 F:5’-ACCCCTCAAATGCACGCT-3’
R:5’-CCTGACTGGCAGCCGCAT-3’
contig551 F:5"-TGGAAGTGGTGGCATTTG-3’
R:5’-TGGAAGTGGTGGCATTTG-3’
cca-miR159b contig780 F:5’-GCCCATTTTACCGCTTTG-3’
R:5’-TCTCTTCATTTTTCTCCCTCTTCAT-3’
contig00675 F:5"-AACCGCCTCCGTAGATGG-3’

R:5’-GTACTCTGCGTTGATACCACTACTGCTT-3’

FPUE7, 3R 55 miR 159 B4 5 51 i 5 R 4UL I T TO
AR R P 7 4R BPAE S 47 8] B 2 (50 mg - L) |
1/2MS B P55 77 5k A AT e, Rr L AE R VR A
MR BN FRIL BT, ELRPR G IR B T3AC. AR 20
PRI T, Bk B 2 o Xof B A 400 Pl R e R R 9D P T
BEATWLEE , i s Fy B AT AE R 8], K WL Bt

A B

cca-miRNA159a

HEAT 451t , 48 H Excel 2019 % 48 B4 #E4T Ab 3
2 ERE55W

2.1 Wik miR159 BEAF R EERI LT
A B C DD, 30 B 2 b BT A4
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cca-miRNA159a cca-miRNA159b

A. cca-miR159.1 RiERFHEE cca-miR159a 1 A REA; B. cca-miR159.2 Bk FEALE cca-miR159a R cca-miR159b 2 A A .

A. The cca-miR159.1 precursor sequence contains a mature body of cca-miR159a; B. The cca-miR159.2 precursor sequence contains two mature

bodies of cca-miR159a and cca-miR159b.

1 cca-miR159.1 0 cca-miR159.2 — R FH\E DT

Fig.1 Sequence secondary structure analysis of cca-miR159.1and cca-miR159.2



%6

K T S LS miR 159 FXR AR A BEACRFIE 7 T S D RERIE 9T

889

Bk miR159 Wi A& 7 51 — 9% 25 W T, K IR cca-
miR159.1 R & H cca-miR159a 1 /> A (B 1-A),
1M cca-miR159.2 &% A cca-miR159a 1 cca-miR159b 2
N (B 1-B) o cca-miR159a F cca-miR159b J5
B ERFPE AT R B, cca-miR 159a 11757 14 B 2. 15y
T cca-miR159b, cca-miR159a W08 & % A A2 4L , 1M
cca-miR159b7E 4.8.9. 1112, 13,20 I & |- ik 5

A o
£
0; ’
12345678 91011121314151617 181920213
T4 B Base position
B 2
3
5 1
A uca UuyA
(= C <
5712345678 910111213141516171819202122 3’
Bl & Base position

A7 R (] 2-AB) o il E RTAA 7 5171k
B I AZ Bk SR 2 SR AE R — 0% E, i B
cca-miR159 5 Pte-miR159 35 4R Z Wil . [F I &
L, cca-miR159 11 2 DRI 7 I ER SR AE T il — 3 |,
ATREAE AL R v L T R AR, R A T AR
L% (F2-C).

2.2 WMk miR159 $BE A F

35-zam-MIR159¢g

c 72|7am-MIR 159i

66 zam-MIR159h
zam-MIR159j
99 zam-MIR 159k
zam-MIR159b
zam-MIR159f
zam-MIR159a
71 'sbi-MIR159a

98 |

0sa-MIR159b

osa-MIR159a

99— ath-MIR 1592
L ath-MIR15%

———vvi-MIR159¢
_74: cca-MIR159.1
67 cca-MIR159.2
58 - ptc-MIR15%a
70— ptc-MIR159b

A miR159a THERIRT s B. miR159b WAL C. miR1S9 BT FHIRIEL G R T o
A. Conservation of miR159a base; B. Conservation of miR159b base; C. Evolutionary relationship analysis of miR159 precursor sequence.

B2 cca-miR159a 1 cca-miR159b B EARFIELUR cca-miR159.1 F cca-miR159.2 B#EAL KR 4R
Fig. 2 The base conservation analysis of cca-miR159a, cca-miR159b and the phylogenetic tree of cca-miR159.1, cca-miR159.2

J# 1 psRNATarget 75 28 73 1 A4 5 cca-miR159
AL DR A7 0, 45 S W1ER 4 FTOR , cca-miR159a {E
LA Ak 7 S5 4L B35 P R A 11 AN SRS DR, o T 21 7
B[R] T80 R) TAIR #0408 2 v X, B cca-miR159a
(R85 R 32 O MYB i, MY B 2 0 48 i & 3
L FE B A Y, MY B AR P 2 B 5 et % i 4

53 ZE I AN TR B 1T, S 30T 200 i R 00 i R 45 .
MYB33. MYB65. MYB97. MYB101. MYBS8I . DUOI,
HrMYB33 5 MYB65 L [FAEH TR A S5TEM KT,
DUOI 2 %5 R2R3 1) 4% e 5, 1 15 e L+ 1)
B8, 0 3 IR kAR T A M N 22 gy 2L P
cca-miR159b 1E L AZ Ak % 5% 2H 2504k e vh i 21 2 4

F 4 cca-miR159a FA cca-miR159b ELER AT 5 5 1
Table 4 Prediction of target genes and functions of cca-miR159a, cca-miR159b
BEEEAIORNA s IRy
miRNA Target gene name Hom(.)logOII.ls sequences 1M Function notes
Arabidopsis
cca-miR159a contig431.5 AT4G40100 GRAM domain family protein
contigll105.7 AT2G26960 AtMYB81, MYBS8!1 | myb domain protein 81
contig252.141 AT5G55250 TAA carboxyl methyltransferase 1
contig252.187 AT4G26930 MYB97, AtMYB97 | myb domain protein 97
contig275.13 AT5G06100 MYB33, ATMYB33 | myb domain protein 33
contig347.70 AT2G32460 MYB101, ATMYB101, ATMI | myb domain protein 101
contig389.122 AT3G60460 DUOI | myb-like HTH transcriptional regulator family protein
contig431.102 AT5G37330 Transposable element gene
contig551.16 AT3G07565 Protein of unknown function
ICP2 AT4G18390 TCP2 | TEOSINTE BRANCHED 1, cycloidea and PCF transcription factor 2
MYB6S5 AT3G11440 ATMYB65, MYB65 | myb domain protein 65
cca-miR159b contig780.23 AT2GO01180 ATPAP1, PAP1, LPP1, ATLPP1 | phosphatidic acid
contig00675 AT4G10790 UBX domain-containing protein
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A~F. cca-miR159a WIHEEE PR TR KUB8AIE s G. cca-miR159b HIFLEE KAV BIAL sl 0 E s i Sk 2o BT UL, B P ARRAEAN R iz B D051 A

Bl

A-F. Verification of the cleavage site of target genes of cca-miR159a; G. Verification of the cleavage site of target genes of cca-miR159b; The ar-

row indicates the cleavage site, and the number represents the frequency of the cleavage fragment at different positions.
B3 cca-miR159 $EE F B =56 IE

Fig.3 Target gene of cca-miR159 cleavage site
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B L [ 3ROk & 4 M iE, K I MYB101. MYB33.
MYB65.MYB81 1 MYB97 1F cca-miR159.2 %% 3& [K #
PR R A B BT AR 5-G), X AT g &
miR159 1 Fl T #E 3 DA, o 6 38 B A, AT 42
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AR SRR M IT GUS YLl B. #AEE M PR R 1T PCR %€ .
A. Comparison of GUS staining between Arabidopsis of wild-type and transgenic; B. PCR identification in Arabidopsis of transgenic lines.
4 cca-miR159.1 F1 cca-miR159.2 5 B E #E I IE
Fig. 4 Verification of cca-miR159.1 and cca-miR159.2 transgenic plants
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Target genes of cca-miR159.2

A BPERERTY B, cea-miR159.1 $¥FEHFRM C. cca-miR159.2 FeF R D. AR A KRBT LM S cca-miR159.1 FeHFM )74 H S E.
cca-miR159.1 FEIEFIRILHT:F. AFAKKE FH A S cca-miR159.2 FIEFM 40 H ;G. cca-miR159.2 $EIEFRIFRILE 3 HT.

A. Wild-type phenotype; B. Transgenic phenotype of cca-miR159.1; C. Transgenic phenotype of cca-miR159.2; D. Leaf numbers of wild-type and
cca-miR159.1 under different growth days; E. Target gene expression analysis of cca-miR159.1; F. Leaf numbers of wild-type and cca-miR159.2 un-
der different growth days; G. Target gene expression analysis of cca-miR159.2.

5 cca-miR159.1 F cca-miR159.2 ¥ B FERTL SN R UKL E R RIED T

Fig. 5 Morphological observation and target gene expression analysis of cca-miR159.1 and cca-miR159.2 transgenic plants
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