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FE 7 phe-novel-miR276 BY 52 EFINEE /T4

B OF, aEY, HI)FE, = K, FTEE
(R PR R S ARE Rk ke R A E S RIE, LT 100102)

. [HM] HE B H miRNA phe-novel-miR276 X A i £ & I HEER, NEMHMREE 54T
BRI S . (R RAENE B 505550 B it AT $R15 10 BT 2 7 2R I8 1% miRNA (phe-novel-
miR276) ; @Id qRT-PCR & HAE BT A FH P I RAER, TFE AR RIE B I AT ZF 90 7 phe-
novel-miR276, MEITIFRIAMYIFIBEMA, LN HN ARG IEIHIL L SRR R B FKRE 5 5
AR RE IR R & & % POD. SOD #itk, Lo & miiabr A Z%. [4ER] 1 JFHI5Hr R, phe-
novel-miR276 5 miR398 Z ik H A m B RIVEME, HEMFH N miR398 FKE MBI K 4 2) phe-novel-miR276 TEEATHR
R L, BRI RIEERE; 3) EE=ZMROERERNRRZE. HAREZP ORISR, M
BIEMEAR RGBS REWHZE, AR ELTREZERC; 4) qRT-PCR &M Fox, S5EA4 RKFEMLL,
SR Rk 2 T phe-novel-miR276 HI7KAE [RIVEETHE K] Os10g36848 (4ht FSH) ik GE T, thoh, BREREKk
% POD #1 SOD itk Al F w4 R [4518] /2B, phe-novel-miR276 Rl N #E A AR KA
B SRR R Rk R THTEIE R, FRM B R DA LB R G

X##iF): EAT; phe-novel-miR276; FERIFRIEKA,; IhEEHMT
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Cloning and functional analysis of phe-novel-miR276 in Phyllostachys edulis

Han Li, Gao Yuanmeng, Lin Xiaofang, Li Ying, Li Xueping

(Key Laboratory of National Forestry and Grassland Administration on Bamboo & Rattan,
International Centre for Bamboo and Rattan, Beijing 100102, China)

Abstract: [Objective] To explore the regulatory effect of novel miRNA phe-novel-miR276 on lignin synthesis in moso bamboo,
so as to provide theoretical reference for material quality improvement and molecular breeding of moso bamboo. [ Method] Using
bioinformatics methods, we analyzed the novel differentially expressed miRNA (phe-novel-miR276) screened in the preliminary study
of moso bamboo. qRT-PCR was applied to detect its expression patterns in different moso bamboo tissues, followed by calculation of
relative expression levels and differential analysis. The phe-novel-miR276 was cloned to construct an overexpression plant vector, which
was transformed into rice via Agrobacterium mediation for screening positive transgenic lines. Lignin content as well as POD and SOD
activities of transgenic and wild-type rice were determined, and intergroup differences of each index were compared and analyzed.
[Result] 1) Sequence analysis revealed that phe-novel-miR276 shares high homology with the miR398 family, suggesting it is a new
member of the miR398 family; 2) phe-novel-miR276 is expressed in the roots, stems, and leaves of P. edulis, with the highest relative
expression level in the roots; 3) Phloroglucinol staining showed that the lignin staining depth in the stems and leaves of transgenic lines
was lighter; meanwhile, the results of the microdetermination method indicated that the total lignin content in the stems and leaves
of transgenic lines was significantly reduced; 4) qRT-PCR detection demonstrated that, compared with wild-type rice, the expression
level of Os10g36848-the rice homologous target gene of phe-novel-miR276 (encoding ferulate S-hydroxylase, FSH)-was significantly
downregulated in transgenic lines. Additionally, the POD and SOD activities in transgenic lines were significantly higher than those in
wild-type rice, respectively. [ Conclusion] In P. edulis, phe-novel-miR276 exerts its regulatory role by downregulating the expression
of lignin biosynthesis-related target genes, and indirectly affects the activity of the antioxidant enzyme system in plants.
Keywords: Phyllostachys edulis; phe-novel-miR276; gene expression pattern; functional analysis
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EAT Phyllostachys edulis {E N K A £} Poaceae
NIAT & Phyllostachys T84, &3 ERRE AR A
BABEZFMAERNA MR T8
MaE, Mt e HAERKKESHIEGE
o7 f O B A B, ORI 3R I LR AE B Bh A
FR IS R A BB e T A AU bk i 2 5 PR AR
PE B, R A S S A AR I R R R
BOER Y, BBE IR, TR4&M4 FEY T
TR R B R PR S LA M B B A, X — i
FEREA RO w0 MK o IR FFRE DT, b ARk R,
R HE TR T

T4 SR AE 7T K B, microRNA (miRNA) 1
N s R P ) OB R -, Al I BT D) mRNA
S LRI E, R R AR A 41 A R A S 0 B
H R REZ AR~ B, fEHLFE IT Arabidopsis
thaliana ', miR165. miR166 2 5 % K Jii &5 &
H LA R K 4 e s KRS HR OsmiR398 i i i
PR AR IE R S R U ROK Zea
mays L. F' miR156 NI i 4% SPL #% 5% K] ¥ F- fliy
KSR R M, X AR B, miRNA A f##
WM EE Ry (RFTR) &, &5
VERZ/L0R S VAR S

B 5 S I Y S E 1 ANERT
AN A B B T S AL B R 22 R IA I HT miRNA (phe-
novel-miR276) , 18 ik XU )t 25 il 56 ik 4 1] 1)
F A A R R A O NE FSH (FERRR -5- FR LR,
Ferulate 5-Hydroxylase) [J3&[K PHO2Gene36673 il
PH02Gene36674™ . A 7 it — 5 W HAE BT
AP E DY REAT AR B, A TR0 AT R A
RRIE ST R EEUKREMOIR 7 A 55, & A2
phe-novel-miR276 1EEAT A 2 AV & e Al GEI
WEER

I HRSE

1.1 # ®

20229 H, £ HEAEIRRX (20054 ~
26°23'N, 104°26' ~ 112°03'E) FRE B I 1. %
KA M T 22 S A, IR BRIRIE, BRI
HWAFRH. BB FRIBIAFEKF 2 ~3d,
AT SAEEREAES (AR T D3 B
MR, BTRIEMA (25 T 16h; 18 CTH
%8 h) HEE IR, FEEMTAIE A KR 30 1 O
(FEFRE 30 KD » A alEEBTE 2 ecm AR A1
2 om /N LA By B AEK PR,
BT KA R IR N ERA ;784 K e W 7E

RNase-free B2 0 H, RAFT -80 ‘CUKFEEH
1.2 phe-novel-miR276 & X [F 5534

T [ [ KR A R s oL 2 R G
¥z AR E (GSA:CRA015504, https://ngde.cncb.
ac.cn/gsa/browse/CRA015504) & K i ] T 7 i
BN BAT small RNA W7 £, AHE 7T I b i ik
3 2] 5 b 38 A [5] I 18] 522 57 3208 1) T miRNA

(phe-novel-miR276) , FF ¥ HAE N J5 L0t L 1)
o XF %o F) A miRDeep2 v2.0.5 # A4 %+ miR276
HIAA 7 5 4T Z S5/ . A\ miRBase % 45
£ (http://www.mirbase.org) I % /K F& A1 41, 54 I
1 miR398 K F K 751, fifBh MEGA 11
) Clustalw f2)7, 7EBRIAZH4 AT N5 phe-novel-
miR276 IR 7 FI A FT AR 7 513047 22 B 81 EE X
H: K H GENEDOC v2.7 B8 0 b 25 SR 247 T 4L
b, LA 7 FL e H1 R S7 REAE A7) 48 HE D 98 2 AR
Y DiRe.

1.3 ETF qRT-PCR #J phe-novel-miR276 FEEM A
ERAPRFRIEE S

8 5 RNA PR $2 BUR T & (A AR 4
REWRAF, b5 HAlRB BT, 225
A R RNA. ) H DesignV 1.01 # 4, R
i miRNA B A 7 51 0T RS 220519, 1
) 519 K R B 519 (% 1) 5 3R miRNA
Ist Strand cDNA Synthesis Kit i 7] & ( g 5% 145 M
BAEMBR M ARAR, B #H7 R FIK
Ko LL U6 1A miRNA 23R ®, f# ] miRNA
Universal SYBR qPCR Master Mix {7l & (Bt
MEE AR R A A IR AR, B HEAT 5L
Je5E B M, LAR A phe-novel-miR276 7 & 17 A
FARTHRER. REREIRERELR, X
F SR 3 Tk it AT B g it o #r o

1.4 phe-novel-miR276 T IR A

DL E 1T cDNA AR, o % 153 2| phe-novel-
miR276 H W v B, JFAE J Be vy m 20 ) 91 A
Xba 1. Kpn 1 Bg UL g Fp 1. A H] Xba 1 Fg AN
Kpn 1 M %} pCAMBIAsuper1300-GFP %5 {4 3 17 W
BED), WA BEAR S B FHE N B 102 B8
IRECIAT B N o R B P54 2 Trans So /&%
AN, JEREAT I R A0 U)X g A, A
URRRIF R LT AL) g i Dl R 2o 2 B e N AR AT R
Agrobacterium tumefaciens GV3101 H, @i <A
. MARPPUTE IR L 45 & PCR A HEAT FH 1% B ik
HOE, I SRAT B VAT R BT IRIR PR A7 5
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Table 1 Information for the primers used in this study

5414 % Primer name

51475 (5" — 3') Primer sequence (5’ — 3')

FHi%& Applications

Stem-loop-miR276-F GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAGGGG St
miR276-F CGCGTGTGTTCTCAGGTCG RT-qPCR
miR276-R AGTGCAGGGTCCGAGGTATT RT-qPCR

U6-F GGACATCCGATAAAATTGGAACGATACAG RT-qPCR
U6-R AATTTGGACCATTTCTCGATTTATGCGTGT RT-qPCR
OE-miR276-F atacaccaaatcgactctagaGTTGGTGGCGAGGAGGCT EEAUNALEH
OE-miR276-R geccttgetcaccatggtaccGTACAATCTCAACCATGAGTTAAGCC EEREN AR
Os10g36848-F ACCATGGAGTGGCTTCAGGA RT-qPCR
Os10g36848-R TGCGTCAGCTGGTCCATCAT RT-qPCR
Actin-F ACTTCCTCATGCTATTCTTCGGTT RT-qPCR
Actin-R GGCAACTCATAGCTCTTCTCAACA RT-qPCR

1.5 IhEEMEHARIMESERE

151 KFEEAE S 1L

KHACKF B A 3 B AL, K i i
phe-novel-miR276 i Fik & ik T NEAERKFE (H
ROURZ AR R 7546 « BB BRI
e TH 2 )5 (KRS Rl 7 4% Bl T U5 3 8 R 3t BB IR
20 d, FRMGKH RIFHEGHL; BEJEH ODgy, E
N 0.2 AT E AR R4 15 min, EF
SLEE R AL FIREREFR 48 ~ 72 hy Z R MKIRAE TR 1S
FRHE . RO R EHATHUMEGRIL, SRARRA T
PIMER AL TR SR U A A 2V N e
FRIEPHIR 15 ~20d, FRAE LS, A
AMEFREF AR, AYEKREKE2 ~5cem
iF, 30 COLMEARAE MR 7 ~ 10 ds BRETEER
JE SRR ARG IR G TR
1.5.2 Bl PR P A e AP ) 975 08 15 93 B

IKTEG B R ER R RAERKZ 4 )5, BN
ML 11 AR RO il . SREAERR I Fr A
dn, SEBUH B4 DNA, SRATER R 7517
AT RE BG4 U N (Polymerase chain reaction,
B PCR °48) , IR BRARME R Ik 0 8. L
HLPK S5 AL B 5 UM AR AT AL PR PCR 774, i2E4T
Sanger M 7> K 5 51 ELRE 20 B, 1 38 FF Fr 1 7 41 B
XPIERRRIBAVERR 2R, (L5 SEBE AT RE AT o

1.6 FREREKBEREWFIER D FRIA

16,1 ARIFFRMS S O =AW

RIS M BN Z PCR K 48 %€ 1) phe-novel-
miR276 i Rk e FE KUK FE B vk R 5 B AR AR R
AR E TOEIR TR 2 4 000 1x. R 30 'C. AR
23 C, JemEEK 12 h (87 = 15 9% 2 52 AUl
CREFMG 21120 A« BURERS, MR EE R R R K&

A RBR R P BEALGE 3 R — L o R FHE
WRAE N AEY) F E s Rk 55 ol AU 55 2 715 1)
B2 om (EBRMHEHNBEDE, WRBFRT) , S5XF
NMHFAHE 1T emX 1 em AL GBRIFRT)
WFEMI R 2 .

X 7K AR i AR ZE A AT (R OR = W e,
BAOP IR H et AT V) i 28 5 66 B K ik
M, YIRS B, . TR 1%
W, 37 Cab¥E 6 h, MEANL L. Lk, 418
g W, 37 Cl#ed i METERT, K
W& LBk ZRESITR 2R 1 IV ¥ W45
AbFE 10 ~ 15 min, FHZ 100% LFE. 100% L.
95% L. BE. 90% LBE. 80% £ T %% i K B /K Ab B
10 min, #J5 B RKMBE. B4R, P IK
NI =By gl C g 5s, K¥eET. 1EXR
PP AL ERAEHNA XS, PIE
B IE & AR =By el B B S, Jetn
30 s; it R 5 M5 Vo n S AR R 1R 2K =Ty el A
ATV S], Bt 2 min. H 5 #IER,
MW E R R 2 RPEWGEEM SR,
£ 3 min P58 SOWEAAIE; Rt s Gk, &
RAPJUd gL R

) Ak 2 S K RS 25 R I R AR R &R
T, BAEPRWN: SREmT 80 CHTZE
SEE, MG 0.425 mm LA BARAE
HE 3 mg M BT 15mL BOE D, HEEY
FeHEE T 30 min PA L, KIS 280 nm, F]
KCGBRHZE; {F 1.5 mL B384 b f e = U2 1K
VOMAARFT, T 280 nm &b il 00 5 0 5 45 W 0
Agpn) ~ ZAEWICE (daypg) ~ WRHEER
HIE (A » FETHEROCEZEME (A . brifE
WHFEZE (A ) FARRRERSE (o) .
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5546 &
A:A »}m”%ﬁﬁ-iA G0 (1)
A i =A s —A o (2)
UJ:0599 8><A+A Wi +mo (3)

s m AREAR TR .
1.6.2  BEJEPH [R] P8 AL PR R 3k 7K T4 N

F| F| Phytozome ¥ 3 Chttps://phytozome-next.
jgi.doe.gov/blast-search) i & 7£ 7K #& 1 phe-novel-
miR276 ¥ 5] ) [R5 R K . LA Actin 1 9 A 2 5
U1 {4 Ff] Primer Premier 5 #F ¥ it A2 5L KA
FEURIE R E &Y (K 1D o S RNA PUE
& B3R 2 29 ) 92 B 32 18 phe-novel-miR276 %%
B DR K A A AR KRB I S RNA 428 S )i
Al e =R ER A R A w], dbs) Ui
PEAT I l5e, 193] cDNA. /5, Ll cDNA
NFEM, f# ] SYBR Green qPCR 5 & (R
RAEWREAR LA, b5, HBROLEEN
FRUEFE AT qPCR Azl . 50 W B 3 IR AR H T,
K LR R s g AT B s St
1.6.3  POD #i1 SOD {1 ity Il 5E

IR N2 PCR 3738 DL R %5 58 1 6
R KRG B Mk 3R S B A bR R BT B PR TON
JEHRZ) 4 000 Ix. B 30 C. R 23 C, JarEE
W& 12 h R FREY, BRI (FEMEY

0 1.0
| iy o

TR ZEAC AT HEZE The base-pairing probability

120 d) o BUFERS, SREEFL M A==, DI/NEn
AW ARG G -80 CFIRAE. MERT, &M%
WG (Peroxidase, POD) 6 il 77 &5 Al iEH S 4k
Y AL (Superoxide dismutase, SOD) il
& (R RFEERFEARAFR, dbu v
ITHAE. BARERAEWR: i 5 MR G,
TIRE T AW E R 0.1 g WK R, TN
A1 mL SRBGRHEATUKIB 2K, T4 C. 8000Xg
ZAF N B0 10 min, B RIE AR VB SR B
FE¥ o JIEFETHTAR 30 min LA b, LR TR HE
W, 7 9AE 470 nm P N E POD W B
560 nm P K NP E SOD WIEREE, ISR .
I E 3 IREREE, R B RS IILET
Bt

2 HR50H

2.1 phe-novel-miR276 HI¥ES 4

phe-novel-miR276 1] HI & /¥ 5| £7 T hic_
scaffold 10 JL ik b, BB TE BAR 2 1 K J& 45 1)
(K1, FH&EDHS A HEE (Minimum free
energy, MFE) /T —410.87 kJ/mol, £F# miRNA
FHETE MFE BI5GB /N T =753 kI/moD)

B 1 phe-novel-miR276 B — £ ZIRLEHIBG M
Fig.1 Structural prediction of the secondary stem-loop of the phe-novel-miR276 precursor

phe-novel-miR276 1] B #4 7 %] 5 miR398 X

e R PR AR = (B 2a) , 5 o0sa-miR398a. osa-

miR398b Al ath-miR398a-3p. ath-miR398b-3p 14 H

A% 2 AN FE. It 4), phe-novel-miR276 5 osa-

miR398a. o0sa-miR398b Al ath-miR398a-3p. ath-

miR398b-3p IR 7 AL T4 B Al A7 511 3 i
(E2b) &

2.2 phe-novel-miR276 7£ £ 1 7 [E] 40 LR #Y R iX
S

RT-qPCR £5 5K 8 (& 3) , phe-novel-miR276
EEBMARALA P FRE, HEREZERHR
e R, A, % miRNA 7ERR R 1R %
B, 2EREERZ, HHHRRIEE K

HEZMRTHRAMZEL. NEFREEMERE, I
5 22 R E K 2 R ARE BB E K, H
FH YR E ST M, Ui phe-novel-miR276 %
TEM T R ZETHL P KRS, R AT R
YEFF AT IR Al R

2.3 phe-novel-miR276 i RIAFH KA IE R iE &
E /K FEBR M IE AR RO 56

MR B kR s R BoR (B4, 3
W EmW . B, o RARR RS &
RIS, &K K/NSHERI—2, UEsEHM
Jr B E R S 4 N 3R A #i 4K, phe-novel-miR276 i
FORBARM BT, AT T 5 SRR AL Ak
4.
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phe-novel-miR276
osa-miR398a
osa-miR398b
ath-miR398a-3p
ath-miR398b-3p
ath-miR398c-3p

WEHE
Number of bases
21
21
21
21
21
21

(a) phe-novel-miR276 B VA 7 51| 53 rmiR398 5 e At 7 3 EE

Sequence comparison of the mature body of phe-novel-miR276 with several members of the miR398 family

WA E
Number of bases
phe-novel-MIR276 ———————=————————————————— GGGGCGAATTGA GA 14
o0sa-MIR398a ~GCTGAACCCAGAGGAGTGGTACT GAGAACACAGGTGC 37
0sa-MIR398b —————————— GGAGTTCCTA 10
ath-MIR398a ——-————————— TGAAATTTCAAAGGAGTGGCATGTGAA 27
ath-MIR398b TGGATCTCGACAGGGTTGATATGAGAACACACGAGTAA 38
ath-MIR398¢ -TGGATCTCGACAGGGTTGATATGAGAACACACGAGCA 37
phe-novel-MIR276 ACACATGGTGAAATGAGCCTCGCGAGTTCACAGTGAGG 52
0sa-MIR398a CAATACAATGTATGGTGAGCTACTGTATAATGGAGTAA 75
0sa-MIR398b CAGGGGCGAGCTGGGAACACACGGTGATGAGGCGGTCT 48
ath-MIR3982 CACATATCCTATGGTTTCTTCAAATTTCCATTGAAACC 65
ath-MIR398b TCAACGGCTGTAATGACGCTACGTCATTGTTACAGCTC 76
ath-MIR398¢c  ATCAACGGCTATAACGACGCTACGTCATTGTTACAGCT 75

phe-novel-MIR276
osa-MIR398a
o0sa-MIR398b
ath-MIR398a
ath-MIR398b
ath-MIR398¢ CTCGTTTCA

TTGGGTTTCTT 115
IGCCGGGACT CT 88
TTGAATCTC CC 105
GCTGAGCTCTT 116
GCTGAGCTCTT 115

(b> phe-novel-miR276H 147 51| 5 & 7rmiR398 5 g i 7 %+ L
Sequence comparison of the precursor of phe-novel-miR276 with several members of the miR398 family

VIR “ath-" F0 “osa-” JpAARERINE T AUKES .  “—” ARBEES L. ORRRTZLK, BERM I Ry B 2R ) s HAA =2 E Y
BIEAL T, ORI ZE R AL AT
The prefixes “ath-" and “osa-" denote sequences from Arabidopsis thaliana and Oryza sativa, respec-tively. “— indicates base gaps. Red indicates the conserved core

region, yellow represents partially conserved/functionally important nucleotide sites, and blue denotes sequence variation sites.

2 phe-novel-miR276 5 miR398 SKi&A AR miRNA K AT miRNA BIFFIEL %t
Fig. 2 Sequence comparison of phe-novel-miR276 with mature miRNAs and precursor miRNA of miR398 family members

FH%FFRi% ERelative expression level

TRE&R ES-i e
ZH4H Tissue

AEINGFBRERIRAE 0.05 /KP L ZER B
Different lowercase letters indicate significant differences at 0.05 level.
3 EMAELELSF phe-novel-miR276 BIFRIE DT
Fig. 3 Analysis of phe-novel-miR276 expression in
different tissues of moso bamboo

M 1 2 3

15 000 bp
10 000 bp

7500 bp

5000 bp

2500 bp

1000 bp

M. DL 15 000 DNA 43 T-H&A5#E; 1. pPCAMBIAsuper1300-GFP Jiifi;
2~3.Xba 1 -Kpn 1 WEGHILNEA ).
M. DL 15 000 DNA Marker; 1. plasmid pCAMBIAsuper1300-GFP;
2-3.Xba 1 -Kpn 1 dual-enzyme-mediated linearization.

4 pCAMBIAsuper]300-GFP REg] K B 5k 151
Fig. 4 Double enzyme digestion and electrophoresis
analysis of pPCAMBIAsuper1300-GFP



546 4

A2 S A s AN e O 221

BEJE, XFERAFI 11 PRAFEFERREET PCR 20T
B HIKGRER (B5) , 8HAy i 5
RN RRF IR R 2, HoR 3 PRI 21
(K3 Fr BLokts, W0 R N A TR bR . 8 e T 5
A RFALKI AR ZE N 72.7%, RITEAL LA
RIEEA R AT R IVER PR AT Y )5 Be Dl Re i
UERIAA L

2.4 FERFKEEREUFER D FRIEDT

241 ARBRRESEDN
B =My e o gh RN, BIFKBEkRZE

1 2 3 4 5 6 7 8

9 10 11 +

FRAT I B Ao A X 3k 2T €8 G £ i AR /D T B AR Y
HHR (E6)  AREGTEMNERER, % phe-
novel-miR276 /K fg ik Z 2L A IR AR AR 2 &
wmEAETEHAEMERR (B 7)) o PR RIER,
phe-novel-miR276 i 32 12 0] 41 i) % 3 K /K 8 K &
2= HAZAFRRI SR SRR
242 BEREDR [R] 5 AL PRI K 43
it Phytozome W 3k i it 2] 5 41T phe-novel-
miR276 ¥ EL[R] PHO2Gene36673 1 PHO2Gene36674
C Ol I W 5% O 2= Wl 1 56 56 ik D[R] 5 1 e 1)
K FE By Os10g36848. i it RT-qPCR 7% #r

M - 0

1 000 bp
750 bp

500 bp
250 bp

100 bp

M. 1 000; +. positive control; —. negative control; 0. water; 1-11. bands from transgenic plants.

5 %% phe-novel-miR276 7K B KA BB IK 4 E
Fig. 5 Electrophoretic verification of phe-novel-miR276-transgenic positive rice plants
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Fig. 6 Phloroglucinol staining of wild-type and transgenic rice lines
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Os10g36848 TEREFL IR R P IR IE K. SR E
~ (B8, IR I FIE &R AR R IA &
i BEAK, A LR B phe-novel-miR276 Xif #E &
PH02Gene36673 F PH0O2Gene36674 ] #1441 H /K 75
[FYRFEE R Os10g36848 [H13Rik .

400

300

200
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