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WE: [ B#y ] § LK K L 4% Phyllostachys edulis Ph-TEIncRNA1 % $e 2 B 69 R ik X, #7F 547 IncRNA % 7 # .
(F&H] A THE, AR, ¥, FEPALT LA EA G L FTANFHIE, HAEMELT 27 KK IncRNA, i#
it CNCI, Pfam., CPC2. PLEK % 4 MN#k 4+ 5 IncRNA 49 2% A 45 32 47 547, A LncRNATar % 4 % IncRNA #9 ¥e 2k
B, i#id EarRAEF PCR 547 IncRNA Fede K B RSN Thovt h AEd B PR d X, [#R] iz 1AL
I8 T £ 5 & A 69 IncRNA, 3t IncRNA B T LARD %% J& T /3 (large retrotransposons derivatives), &% # Ph-
TEIncRNA1 (Phyllostachys edulis transposable element derived IncRNA1), Ph-TEIncRNA1 7% — />3 R 64 3E 4 55 RNA, 4K
A 342bp, P, 185 BAE KRR TFIEF, 157 AL KR T NATF ., Ph-TEIncRNAL ¢ 323 B A psbA, %A
photosystem Il protein D1, 528 3% K2 &4 R & Ph-TEIncRNAL 5 psbA ¥iA83T R iL & 2 R AMRA AR, SLALEE
$MRiE T Ph-TEIncRNA1 5 psbA 2. EAR% , i@ it Ph-TEIncRNA1 %= psbA 12 R B % & 0 B0 44 £45 vt 1 69 4055 £ K 5 54T,
KA AR R, Ph-TEIncRNAL #e= psbA ik Fik B)éAh, [ 4 ]| Ph-TEIncRNA1 #= psbA 1 % M it F ¥Rl &
ik, Ph-TEIncRNAL T A8 43 R 1) psbd S5 £AFeT H X F . B 7 433
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Identification of Ph-TEIncRNA1 in Phyllostachys edulis and its
regulation of target genes

ZHAO Jiamin, YU Lu, DING Yiqian, ZHOU Mingbing

(State Key Laboratory of Subtropical Silviculture/Institute of Bamboo Research, Zhejiang A&F University, Hangzhou
311300, Zhejiang, China)

Abstract: [Objective] The purpose of this study is to explore the expression patterns of Ph-TEIncRNA1 and
target genes in Phyllostachys edulis, and to preliminarily analyze the function of IncRNA. [Method] Based on
the whole transcriptome sequencing data of Ph. edulis seedlings under high temperature, low temperature,
ultraviolet and high salt stress, IncRNAs differentially expressed under stress were screened. The coding
characteristics of IncRNA were analyzed by four kinds of software (CNCI, Pfam, CPC2 and PLEK), and the
target genes of IncRNA were identified by LncTar software. The expression patterns of IncRNA and target
genes under UV stress and leaf coloration were analyzed by real-time fluorescent quantitative PCR. [Result]
One differentially expressed IncRNA under UV stress was screened, which was derived from the IncRNA of the
Large retrotransposons derivatives and named Ph-TEIncRNA1 (Ph. edulis transposable element derived
IncRNA1). Ph-TEIncRNA1 was a typical non-coding RNA with a total length of 342 bp, 185 bases from exons
and 157 bases from introns. The target gene of Ph-TEIncRNA1 was psbA, encoding photosystem Il protein D1.
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Real time fluorescence quantitative results showed that the relative expression of Pi-TEIncRNA1 and psbA was
the same, indicating that Ph-TEIncRNA1 was positively correlated with psb4 under UV stress. Through the
analysis of the relative expression of Ph-TEIncRNA1 and psbA in Ph. edulis leavesat different coloring stages, it
was found that the expression of psbA and Ph-TEIncRNA1 reached the peak during chloroplast formation stage.
[Conclusion] Ph-TEIncRNA1 and psbA are co-expressed under UV stress, and Ph-TEIncRNA1 can participate
in the leaf development of Ph. edulis by regulating the target gene psbA. [Ch, 7 fig. 33 ref.]

Key words: Ph-TEIncRNA1; leaf coloration; D1 protein; Phyllostachys edulis

KAEIE A RNA (IncRNA) J&—ZK B KT 200 M H BRI EE RNA, ANEA SIS E A e 0,
HRAE IncRNA 7EREPR2H B0, 38 W #50 K N & 73R 4% RNA (intronic IncRNA) K& (K] 8] 4 Z i
RNA (lincRNAs) FHCIE G [ 98 e X AR (IneNATs)> ™, IncRNA EL A7 =8 452 01 fe 2845 2 R
P MG IA Y 248 IncRNA X B B 4050 1) mRNA i —Fh % s is 5 28 730, IncRNA EZ DLy
G H AN JEBREE G AR R R (e (A T, SE R BER DNA # . aUR T &8 IncRNA it 55
Bl FNEG 5 B X SO s B A I A2 5 e Y A AR R ELAE TR AR I AR R A 3R L gL BOIRES
1 RNA BAFEPED,

IncRNA AT DGR ZISZRMIERN, ALVEAE AW, Y T4zt , MmifrHifE. ncRNA LI &
AT X7 20 1t o % 2 240 LA N R 45 45 6 1 B T 08 RNA B93E PES. IncRNA I8 AT LA F 5 RNA 5
DNA (540 B AMAES [FIIEPE, FES5H FIE MR o+ 5 G YA 200 7 FHEZR A S 22T, IncRNA AR 5
HHAE S FHSEH . 51 SEAGE S0 T4, Bl RSG5 sts i B e
RAEH IR BEFE KW IncRNA 1EBAT Phyllostachys edulis IR AEBE ()4 e F b & 45 o BRI,

FEVE TR EMR I BB RS PR 152 IncRNA SKRIE TR TP, FRNHE TR IR
IncRNA (TE-IncRNA D, 23% (R I+ Arabidopsis thaliana. 50% /K K& Oryza sativa. 51% () kK
Zea mays ] TE-IncRNA FERIE T )% Fp50 ", B RBS5EMNAERKEET . JEAEY b0 RN %
AN RS, B E TR UG IneRNA 2Z A iE SRk, HRBER S, A& mRmnE",

BT ARTEET, FOEEAR, & B B A IEARM ZRAM R, RAEEP A TR . &
WL AN ERSE 4 FPIRE AT R SR AU . FEAREGE R, FRATAI 4 FhbaE 4k S4B 2
FRUEE TR ERIMIIA T 22 5583809 14 IncRNA, BRI T LARD )& 7951, w4k Ph-TEIncRNA1 .
ARWFFE L BAT Ph-TEIncRNAL WX %, S FOUR P 3L 8, 40 b7 T H SRR Rk R, DL
J Ph-TEIncRNA1 FESERITER: R (it B b i SRIR a3, WIXARSE T Ph-TEIncRNA1 W YIRE .

1 MR T7 %

1.1 &

EFFR AT AT RN B —RAT, KFREESRA TAEE DTSR, $HMha
AhEE . BRI — O ST, 30 W RAMT r HIAbEE 2. 4. 6. 8 hP XFHECMIER B H O, HAALRE
W3 AR, MBS S RVRE, BEASARERL S Sk 5 RLG o A BRAF I RE S TR R, £ T80 C UK
%, FT RNA $#HL

A AFEE R R RS EIRKH R H S ETLAN, AR K S = —
OEF, WA Fgh i, R 3 AR DRI R b B3R 2 RBURE @t i B
4K, PugRsmit iy B 6 K, WA (D). BRI I3 5K, TR, P
T80 °C UKH, FIT RNA 21,

1.2 FHi&

1.2.1 IncRNA #9hit 5 %52 DIgiH e SR alil e a5 AR . sl . 5550, mdhaE 4 Ahihin a5 4
i, 7ERAEZEPY M BAT IncRNA Bl b, Tk 2 7E S /Mphia Ab 3l 22 S 3k, HEEEN 22 5 3k
ik, Bz FFRLBEAHE R IneRNA, LT 4 a4 : CNCI (CodingNon-Codinglndex). CPC2 (Coding
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Potential Calculator), PLEK (predictor of long non-
coding RNAs and messenger RNAs based on an
improved k-mer scheme) F1 Pfam (PfamScan) J| ¥7 #%
SEARMI ARG OL, i BT IncRNA

MR HAR SE AL 7 B R PO B R R, i
HOR R PREE R T IncRNA, #8444 Ph-TEIncRNAl, B 1 %6 %%, 5%, 56 4 /newet P

TEEBMRNA P HEE Ph-TEIncRNAL )75, B Figure 1 Leaves with yellow, light yellow, light green and green color
75193t (F: AGGGGCGCTTCCGGTTCTG; R:
AAGAGATATATTTTACATCCCAGA), PCR §84, MlF#IA .
1.2.2 IncRNA #e ik B g Fml il 2 Fh)7 27 IncRNA AUREEER . 55 1 BRI (cis) #EEEIR, AR4E
IncRNA S53EH AN B Z, $F IncRNA FFFE 100 kb 8 BB LA PN A JE PRVE Ry FLER LR, 38 a8 7 perl fEIAS
A X 25 S B 55 2 B 2 AR HE IncRNA FI mRNA 22 [] B9 5 5L B4R BE %F 56 22, FI) ) 76 £ 4%
LncTar 3155 IncRNA Fl mRNA FCXH Y H HHREFIAREA B R, BN TARAEIL B b 8 B(E Y 2R ERAE
9 IncRNA BYFEEER] , FRVER A (trans) $EEEP . 384 5% S 2H B4R 07 126 55 %1 TE-IncRNA 22 {3 —
ML, H 22 R RB ARSI 4 .
123 i Ph-TEIncRNA1 5 ¥e 3k B 04 X Bk R0 A B /5 B AT S5 42 1 RNA, DAL K5 1)
cDNA 1E W E M, #7520 5862 & PCR (RT-qPCR) B53iF, MM Ph-TEIncRNA1 FIHEJE PR 3k #a 3
B EIEE , SIRAECPE AR AYHEIE . i IBM SPSS Statistics #EX) Ph-TEIncRNA1 F#EIE K B FH XS 26
KT HEAT B IR OCHE 3T, B5E Ph-TEIncRNA1 FIHEIE R YA G L
1.2.4 5 #7 Ph-TEIncRNAl Ao 3o K R xdet B B & 3R ¥rn RIL4FEIE G0 IRE ., RS, &
o) BATSEAR A (B DRNA, LURFE 55 B cDNA VE @ B8tk , #E17 RT-qPCR 5 0E, 43#r Ph-
TEIncRNA1 FIEEILIH psbA TEM Fr 2 Gt Farp i e kit

2 HRFAT

2.1 Ph-TEIncRNA1 SHBERFMWEEM S

PLRAEZERY Hg 1Y IncRNA 086 P2 L ath, Gt 220400 Ab 3 22 S ik, HEEIR 25 S 325K
IncRNA, iiif CNCI, Pfam, CPC2. PLEK %5 4 734 IncRNA [ ESE . CNCI Ml Pfam {4343
B 7 1€ ) IncRNA A EL A5 4 i 25 (1 19 AE J1, CPC2[ 4 % W] BE ¥ (coding probability) &7 0.144 099,
JE ST 58 73 X (Fickettscore) 7 0.465880)] #1 PLEK (43X 4173 ~—2.282730, Z MV /NTF 0 FAE St
RNA) LR ER) IncRNA Fafid 8 A AT REPERMR . F o] DU E TR 2 1Y) IncRNA 22— S8 (1% | 2 i
RNA.,

MR . % IneRNA 3 T —A> iU S J3E 1~ K R B (large retrotransposons derivatives, LARD) N #fS
(1 2), NEEREETHIAN IncRNA, f544 N Ph-TEIncRNAL, Ph-TEIncRNA1 414 342 bp, Hrp 185 /M
HORIETAMNE -, 157 MRESRIE TN & T (K 3),

Ph-ThincRNA1

< 342bp—> S— Ph-TELncRNA1 342 bp _
] | ST WET
f— LARD 8240 bp — ﬁ| AGGGGCGCT -+ GATTTCTAG |GTTTCGTC: - ATATCTCTT
/ (185 bp) ‘ (157 bp)
LREOME. BT LARD; BEOHE. Ph-TEIncRNA1
B 2 # )25 LARD #= Ph-TEIncRNA1 1= & % % B 3 Ph-TEIncRNA1 #4845 ¥ B35
2 7}@ E Figure 3 Composition and sequence of Ph-TEIncRNA1
Figure 2 2Positional relationship between the LARD transposon and
Ph-TEIncRNA1

B FAE L AT LoncTar 315 IncRNA A1 mRNA g5 5 1) B it GE bR dELL B RE, R TArdEfk B
AE AL IO AE M J2 7% IncRNA RESEA o F— 2538 3 5% S4B 07 55 5 X5 B Ph-TEIncRNA1 72 Ak 4 #



5540 55 2 1 DEREE . B4 Ph-TEIncRNAT (58 52 I %o #0035 R (14 IR 422 317

—HR RN, HEFREWERENHITTZR ., M 1
4 2] 9Z IncRNA 19 3 /M# LA, 43 5 o4 PHO10-
02523G0060. PH01002523G0140 F1 PH010025-23G0

050,
PLERAMEEE 2 h B BATH A cDNA MR, 18 500 bp
ik PCR #7384 i AH N 19 | Bz (K] 4), 03 45 5 3R B 300 bp -

I 5E[e R Ph-TEIncRNA1 (A 5).
2.2 Ph-TEIncRNA1 558 E & psbA FELSMHIE T
RIFRIEEK M. 100 bp Marker;

SR 96 E At PCR % 3E . & B  AROPITE AL
PHO01002523G0060 Fil PHO1002523G0050 76 £ 5 k61 Ffuj ) };}; ciﬁ:’fﬁﬂ P?Tgnfﬁ 1
Wb 2. 4. 6, 8hE, MXFRIAEMBENLE, 5
Ph-TEIncRNA1 A~ —%¢, 5% 8] PH01002523G0060 A1 PH01002523G0050 iX 2 /48 % [N 5 Ph-TEIncRNA1
B ANR,, M SIBRRE . A5 2B PHO01002523G0140 5 Ph-TEIncRNA1 FBEMERSR ,  HAHXT
RREENTE ST, EE PH01002523G0140 & psbA [FIIRFEA , 4mfi photosystem Il protein
D1, S5XHEALEL, Ph-TEIncRNA1 FUEEIEIH psbA [AFIXS ik i 78 55 /M8 b BEAII 6k i BT 3%, B
25 ST RS B[R] 0 OB TR AR . Ph-TEIncRNA1 Al psbA 1645 5N A0 BR 2 h BF, A Fak Bk 1) o
= fl (Kl 6), Ph-TEIncRNA1 5 psbA 2 . 3FEIEA I (P=0.000, FZI/RH#MHIERECH 0.898).

Ph-TEIncRNA1 CATCONAG TATAATIGGAGATACTATTGTTT RN
W)y 2 TACTATTGITT|EN
Consensus

Y VIO - T GGTACARAAGTTCCTATATCART GEGARATI

W 4 R e T s i 75
LUBREES IGGTACARRAGTTCCTATATCAATGGGARATI
Consensus

Ph-TEIncRNA1 120
Mpas R 120
Consensus

Yo AN 7.7, CCLETTAGCTTTACCACES A2 cacliey
R R T 7.7, CCE A TTAGCTTTACGACGRAACCTAGAAATCGATCACY
Consensus

Ph-TEIncRNA1 200
25 200
Consensus

Ph-TEIncRNA1 4 240
W45 3 240
Consensus

Vo N IS AN - T TCCTCATAGRALAATTATTGACTCTAGAGATAT 2T A
I 25 280
Consensus

Ph-TEIncRNA1 294
25 293

Consensus atg agaagacaaa

B 5 Ph-TEIncRNA1 #9025 R L xd
Figure 5 Alignment of sequencing results of Ph-TEIncRNA1
2.3 Ph-TEIncRNA1 F$EEEF pshA M F HE BT B RIZEE
Ph-TEIncRNA1 WIHEIEIN psbA ZitB 6 R M (PST) S i H 08 A D1, & S il 51 22 20 i 40 o
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AR A 4 ASEFIREAR (. TR RSk, 440) 1T RT-qPCR & FL: Ph-TEIncRNA1 F1H0 K
psbA 1E 4 DB AR X Rk B IEA O (B 7). RAEE 7 PRy Rasiasianlm. ERen ], i 2N
BATICAREFEFG 2 d B, Rk, X —MNIERIEAER R, MERSG N (PSI) o EH
DIfEREEME WL, Wik TRIEEENY . Ph-TEIncRNAL FIFEIEH psbA 75 M KT i ferh 2
IR, TEMSHRTE UG ST R EHE, BB & O T, xRk EREHE R
FIEAHSC (P=0.000, KZ/RHEMHKRECH 0.926).

15 ¢ 2.5 -
2.0

0 10 -
)

AR
AR Rk B
=

/"\ ois 7-

[ 1 ' \1.1

LlJ 0 1 1 J
0 2 4 6 8 1 2 3 4
AE PRI [A]/h REER 1A
Ph-TEIncRNA1 ~ —— psbA Ph-TEIncRNA1 ~ —m— psbA

. R s s ;4.4
B 6 Ph-TEIncRNAL 5 psbA {5 % b phit 4t 52 F RIS 2 I 3 R A5

AR R A F B 7 Ph-TEIncRNA1 5 psbA Jvt % % & 4 A
Figure 6 Relative expression of Ph-TEIncRNAl and psbA under UV ‘ﬁﬂ 9 7}: Elxj—ii'\?f
treatment Figure 7 Relative expression of Ph-TEIncRNA1 and psbA in four

periods of leaves colorization

3 itk

H T IncRNA EA KRB AT IR AR A, S 0A N2 RNA REE 1T 0 Rt b
H NMTXT IncRNA 5T RWIR A, 387 & AL S Y 55 S A AR K R B I B h 9y i 2 S %
FIFER™T, HET, X IncRNA A5 R 24 TR AR B s L, a0, 1R SRR g i
R AR R RS AL AL T BT IncRNA I9IF5E, XHAEY) IncRNA R EVIE T A W15 B 2=t
IR B B, 9T FEEEPFE T M Nicotiana tabacum®” KoK FECY &M, R ERM . KiE
JEGwAS RNA KJ5 T4 T 5, U1 IncRNA . miRNA . siRNA 25, %8 T KA IncRNA 25 T B4
WA R B S, R R ZHEE TR IEAY IncRNA T RE AR BFF

NS B 38 I LR B A AT S0 . BT 63.59% Y IncRNA 255 TR, BATH 2R iha
P30 TE-ncRNA FE% F 5P, ARBF5EE % Ph-TEIncRNA1 Fl psbA 154 5MHA T AR 235 8 14007 &
M : Ph-TEIncRNA1 5 psbA WIAHXT 3Rk i 558 AR R R HY, 78 225MP A T X P # 2 R R A1 . Ph-
TEIncRNA1 5 psbA KXt Feik i BEM G, W] psbA W RESE Ph-TEIncRNA1 #E5EA

psbA FEHGISC RS MPS T i A DI, D1 & FZ PS TR M .0 E &Y i — 1385
HEME AW, DI BEETEM AP RE R IGE PS T SRR AR, #FmdeeE Myt ek
s BRI ST LIAES DI B A MR, SCEUEHERR SIS, ARUF5E6G BATSE A W0 B 25 (ad 72
Ph-TEIncRNA1 F1 pshA MXF ik B 1953 H1 W . Ph-TEIncRNA1 5 psbA 1M 44K TE 75 )i it 399 3k 2] 3k
WEME, SIEAE, UiH] IncRNA A LUHE o $E L 2 5 BT 5 6 ol . AR ik — DR A5
BT IncRNA 5 #IE R () BAEDLE BE 2 3Ll , X FAF5T IneRNA W AEY)# IR th A — i X
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