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(Ph-LTR2) was identified, and the expression pattern of the transposon under stress was systematically analyzed. Ph-LTR2
transposon is 6 030 bp in length and belongs to the Reina subfamily in the Ty3-Gypsy family. With the similarity of 96.41% of
both LTR sequences, the Ph-LTR2 transposon inserted the moso bamboo genome about 61.92 thousand years ago. There are 5
copies identified in the genome. The Ph-LTR2 transposon domain includes GAG (gag protein) protein domain, PR (Proteases)
protein domain, RT (Reverse transcriptase) protein domain, RH (Ribonuclease H) protein domain, INT (Integrase) protein
domain and CHR (Chromatin organization modifier) protein domain. The expression patterns of INT, RT and RH were
detected by real-time quantitative PCR. The three domains were found to have specific expression patterns at different tissues
of the bamboo. Under the conditions of low/high temperature, methylation inhibitors treatments, irradiation and high salt
stress, transcription levels of the three domains of the Ph-LTR2 transposon increased with different degrees. Specifically, after
treatment with low/high temperature and methylation inhibitors, the transcription level was up-regulated; after low dose
radiation treatment and low concentration of salt solution treatment, the transcription level was also increased, but the
expression level decreased with increasing dose of radiation and concentration of salt solution. These results indicate that the
expression pattern of the Ph-LTR2 transposon responds to the changes of the external environment, but the exact mechanism is
not yet known. The results of this study laid a certain theoretical foundation for the development of the genetic tool based on
Ph-LTR2 transposons.

Keywords: LTR retrotransposon, environmental stress, Phyllostachys edulis seedlings, real-time fluorescent quantitative PCR
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(1) LTR U S e - b oe it 4, i 44 R Ph-LTR2
(Phyllostachys edulis LTR retrotransposon 2), X}
Ph-LTR2 % Ji& 1) 45 ¥4 S AE B AT L K 21 19 43 A ik
117 RG50T, Wl SEEE 986 ¢ 8 PCR R4 4
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PLBAT IOy S5 A0k, il CTAB BRI
EATHE L] DNA, Ky B 520 ChfifF . BOo
HRAL . dmARAl . Wbl . mihabreal |
o T IR A A B2 AV W 3 Ak B S A I
5ok A Rl —HREF AN BATI M (RN . B K
M, it Trizol $E3REUE RNA, FIH] TakaRa A
A Y PrimeScript™ 1st Strand cDNA Synthesis Kit

B<: cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q =4 T.#%+4t  Chin J Biotech

TR £ S S cDNA, =20 CHiEAF-
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php/Main_Page) T #% Ty3-gypsy & F I E
PESCE SR RT SRR 741 (Del WK 5
Del . Retrosat2. Peabody #11 Tma, CRM V. 5 ji% )
CRM 7 Beetlel, Reina W% %) Reina. 1fg7.
Gimli l Gloin,REM1 i\ X % REM1, Ty1-Copia
KM Olcol), 5 Ph-LTR2 %)+ 1) RT LR
A e, I MEGAG #4471 Neighbor-Joining
Dy A AR, o B H AR R R . R
#5 Ph-LTR2 %: )+ )74 7E BambooGDB %4k %
(http:/Aww.bamboogdb.org/indexjsp) H1%% Ph-LTR2
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JEHRART R . An SR C 15 11 DNA Brffe s %,
St AT A 3 T ] — % R F W s LTR P81 B4 oL g
S Ak 2 R T PO A A TEI O, LX) Ph-LTR2 % i
T LTR P A EE:, RIS LE K, A
3 T= K/2r (r 03 LTR P Be ok, 290
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1.2.3 Ph-LTR2 MZEEFFI 5 E 5 cDNA 751
TLRE

DL BCAY B AT L N 40 DNA b B AR b 4
Ph-LTR2 L F 4] (519 03K 1), PCR ¥ H )%
MWAAZ : DNA, 1.0 pL ; 10xLA PCR Z% Mk, 5.0 pL;
dNTPs, 6.0 uL; Ph-LTR2-F, 2.0 uL; Ph-LTR2-R,
20puL; LA Tag, 0.5pL; ddH,O %M % 50 pL .
PIzE. 94°C 5min; 94°C 40s, 65°C 40s,
72 °C 5min, 35 E¥; 72 °C 10 min; 4 CI3#iE.
PCR ™ ¥ 2 B R HEE I L VK J5 i FH SIMGEN 24 w]
HBERE DNA [l & i, %43 pMD18-T
AR, AL BIR AT A Bk DH5a Hr
5 —80 CLR-AF

z1 5149F5
Tablel The sequence of primers
Primer Sequence (5'-3) Function

Ph-LTR2-F CCCAAGAAGAGGATGTAAAG Amplification of Ph-LTR2 transposon
Ph-LTR2-R CAAAGGATCGCTGGTAGGAC
PheACT2-2F CAGCAACTGGGATGATATGGAGAA RT-PCR primers for PheACT2
PheACT2-2R TGGCAACGTACATAGCAGGAGTGT
Ph-LTR2-INT-F GGTGACCTCTGTGGCCCCGTAA INT domain primers for RT-PCR
Ph-LTR2-INT-R TCCGTGCGTAGGACCCGAAGC
Ph-LTR2-RT-F ATCAAGGTTAGTGTGAGTCC RT domain primers for RT-PCR
Ph-LTR2-RT-R CCGAAGGTCCAACTTAGAG
Ph-LTR2-RH-F TAGAGACGGATGCTTGTG RH domain primers for RT-PCR
Ph-LTR2-RH-R CTCCAGAATTGCCATTGC
Ph-LTR2C-F ATGGTGGCAAAGACTAGATCCCA Amplification of Ph-LTR2 cDNA
Ph-LTR2C-R TCAAGGAGTAAAACTCGGGAAGGTC
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FR P R 270k () AR R B
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R 3AES, BAOEE 3 A, RALRE
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IS HINTRA RS CK (B AR, B ES
B ORZEKENT 19%) EHTER FHESFER.
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e

SR BAT I K 2H DNA 28 1% EE I v vk
Rl s SNt E W 1 000 ng/ul
7247, ODaso/ODaggo fH7E 1.8-2.0 Z ] . DNA i
ARG Lok, W T IRES .

PLEATI R4 DNA St , @it PCR §4%
Ph-LTR2 %% 7. Ph-LTR2 %% 74K 6 000 bp
ik (8 1 HUKGE 3). PCR 914 7= W) 7E Bl bt
52 FEL VK A DA 25 i e [l i Y R B

&: 010-64807509

5kb

1 pMD18-Ph-LTR2 # % PCR Hjk[&

Fig. 1 Colony PCR of pMD18-Ph-LTR2 in E. coil. M:
marker; lane 1-2: negative control; lane 3: positive
control; lane 4-7: positive colony.

B2 1B 4 3% B2 pMDA8-T B4, 55 A K
FF# DH50, W% PCR (&l 1) HiiF )5 K 4R 45 1)
FH P 5 B 25 A Invitrogen 23 w1, 3 36 31
I By R A 44 8 pMD18-Ph-LTR2,  [A] i 4 77
pMD18-Ph-LTR2 Ay K T 14 1 T -

SNBSS e T T REIE 5 5%, LLBATY cDNA
SRR, il i PCR ¥ Ph-LTR2 %% T cDNA
J¥ %1, Ph-LTR2 % ¥ ORF K £}y 5 000 bp
(Bl 2). PCR 473 Wil - 235 55 DR 4 Tl — 38
22 EEABFIISH
221 Ph-LTR2 Z5 4% 1E

Ph-LTR2 4x K 6 030 bp, £ LTR KN
478 bp, Zcd LTRKJFEN 489 bp,  FFHCI 5AE &

5kb

2 Ph-LTR2%£ T cDNA HYJ PCR 4/ 1 i jk [

Fig. 2 The PCR result of Ph-LTR2 transposon cDNA. M:
marker; lane 1-4: the PCR result from the same P. edulis
shoots cDNA.
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TGTGTGGTATCAGAG

ML IR RG H, X2 Rz 040 T
YR EAZ A WK I , 17 9T G RNA Bk 17K
fiff , RNA B S  15 A iy Ji] 9] v bl S B s 7 2R
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JE 4 A TE L4 55 1 608-1 651 3 A Yt Jiit
H A&kl (Chromatin organization modifier,
CHRY), 4 (e 5 i) T 44 K i PR 11 2 35 e 31 o 224
F1.PBSJ¥51 N 5-TGTGTGGTATCAGAGCAAAC
AGCAGATCC-3', PPT 1741/ 5'-CAGAGTCGA
TTTTCCAAATAGGGGGGATAT-3',

Ph-LTR2 #4421+ 5' LTR ¥ 51 5 3’ LTR J# 41
EEAL (8 4), HAHS 7 DR P A —
. LTRIFINE & ZREAER o, 8. 34
s 8o TATA-box, 34N hocfd: CAAT-box,
1 AS5ERKREMEMIAETTH TGA, 1 5%

6030b CAGAGTCGATTTTCCA
CAAACAGCAGATCC P AATAGGGGGGATAT
S ——— — | ‘
434 bp

| EL-LTR @PBS OOINTER BGAGOAP ORT @RH @INT @ECHREPPT ELTR-R |

3 Ph-LTR2 3% EEFHIZEH
Fig. 3 Structure of the Ph-LTR2.
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Consensus g
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Ph-LTR2-R-LTR
Consensus

Ph-LTR2-L-LTR ACTCG

Ph-LTR2-R-LTR
Consensus

4 Ph-LTR2#EF LTR F3ItExREE
Fig. 4 Theaignment of LTR sequences of Ph-LTR2.

http://journals.im.ac.cn/cjbcn
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actcgttttcctctttttctcaccgtttcac cgcacagaccgcaagtt caats cctgaacttatgagttctgt
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4354 . PH01001192 35073-40113, PH01007203
7355-11931 , PH01000426_369740-375716 ., PH01001071
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23

59 Del 7
70 Tma
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369740-375716 Fl Ph-LTR2 54—, &[F—1

¥,
2.3 Ph-LTR2%5EF INT. RT #1 RH BY&RiA
W

# Ph-LTR2#% )T 6 NS5 F9 80 26 BT INT
RT 1 RH il eI TR KRB X INT, RT
1 RH 7257 Az BATAS[FEBAOL o AR X 2k i INT
FERR PR X Ras e, A TR TR, A
AR A AR RH 7EAR A X s ¥ i
w, HORM, SRR EAC W ORT FEM R
RBFEEm, HRARMR, FrhRBFEMR
X (B 7)o = AZEFIAEAS [R) 4L ZURE X 3R 3K 1 22
S

Peabody

CRM

2L Beetlel ]CRM

Reina Ty3-Gypsy

A Ph-LTR2

38

4] g
42 Gimli

Gloin Reina

REMI

Olcol

5 Ph-LTR2 % FEF it L i
Fig. 5 Ph-LTR2 phylogenetic tree.

PHO1000426 369740-... Ml T BN TN W 7 (7w
PHOIO01071_150832-... [ 0 N N Wm | | 11
PHO1007203_7355-... [ T N W W 1
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| N N EE ] =

N N e 7§

Ph-LTR2 B T W W W [ [ (7w

B LTR OINTER mGAG mAP mRT mRH OINT mCHR

Bl 6 Ph-LTR2 5 EeF 78 £ F2H 1Y & 0 F 5t X E

Fig. 6 The copy sequence alignment of Ph-LTR2 in P. edulis genome.
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0.025 - Shoot
§ = Leaf
© 0.020F+ = Root =
5 .
§ 0.015+ .
o
5
o 0.010+ . %
=
= 0.005 |
~ *
0.000 =

INT RT RH

7 Ph-LTR2#EEF INT. RT #1 RH £ K [E &R {18
MRIZE

Fig. 7 Relative expression level of INT, RT and RH of
Ph-LTR2 in bamboo shoots, leaves and roots. Statistical
significance was calculated using L SD t-test (* P<0.001).
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2.18%; INT ZS{LFEEEWS/NTF RT, 30 GY %@t
PRA AT A B ETHEA G, WkiESh 31 4%, 50 GY
170 GY WyAHXTRIE AR, T3 30 GY B
i) 9.82%7 9.20%, I JE/NT RT; RH &Kik/K-F
AT, Ho At g # S k4 K ) 30 GY KA
X HRZH Y 1.3 4%, 50 GY 1 70 GY AHXF 30 GY
BT BB EWRA KR, HNRET 22.96%F1 20.16%
(K1 8A).
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Fig. 8 Relative expression level of INT, RT and RH of Ph-LTR2 in treatment bamboo seedlings. (A) Radiation
treatment. (B) Methylation inhibitor treatment. (C) Different temperature stress. (D) Different concentrations of salt
solution. Statistical significance was calculated using LSD t-test (* P<0.001).
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7 B AR R AL BE4E P, INT . RT F1 RH
(AR X 2 5 B R B I T34, 50 umol /L ¥k &
ARk FTF, 150 pmol/L #e B A N ik
4% 50 pmol/L & FERS G B, 7E 250 pmol/L
W BE AL PR IR B B . FoHh RT ARG Ik K
i fek, JEHE 250 umol/L i g g T HAh 45 A4 35,
XS FXT R0k T 8.3 £, Z MM EE; INT 7
50 umol/L #1 150 pmol/L i} 5 RT (AN kAl
¥z, 250 pmol/L B EFt, (HFREER T RT, XS CK
Hik T 4.9 %, Z5WEE; RHAE 3 MKERHH
FAb AL B R i B TE, 150 umol/L T
/b, 50 pmol/L F1 250 pmol/L b FHiE EE AT, Wk
T 150 pmol/L , fEARR T HAB PS5 okl -
TR AR T AR, 3 AU BE A X% BR 443 51 1 T
T 161, L2158 1.6 %, ZRHAEE (K 8B).

TEARIEAL AL P, INT. RT F1 RH AT &
REHFE, HP INT AEiRE R, X
XPHRZH BT 9945, SR, RT Hik, H
TIEEEAKR, B 16 1%, 25 A58%, RH
AALERITF RT, R BT 1.2 6%, FfEES AR E
(K 8C). ML H4i s, INT, RT #1 RH 4
X RB BRI, IR TR AL R,
INT FHe iR ok, BIbik 1165, 2508,
{EARER TR AL BG5S AR LA K, RT iR B B
SRF INT, bJhik 51f%, ZRREE, A5
TRALFRAARLE , AR EE B 2, RH AR A
ANEER AR IAAS LA, (A mT DL B B A
B, BkiER 3%, ZERMEE (& 8C).

TEFERALFRZE . INT, RT FI RH BYAHXT 3
KA R IE ETHE TR . £E 0.1 mol/L
AEFRZH R, INT. RT Fil RH AR R 6k i ik ) i
FE, AR BIX RALRY 62 %, 5 %A 52 1,
7£ 0.2 mol/L F1 0.3 mol/L AbFRZH rp454: F &, INT
SRR T 36%F1 57%, RT T T 45%F1 75%,
RH 735 F R T 62%7F1 68%. i INT 5 RH A
Xt #ik AR AT, dEiE KT RT (& 8D).
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AW A W E B BOR TGy FA W2 T
B — AR LTR S5 55 T Ph-LTR2,
2 S P B R T Y 6 i R e
FEAL LTR M5 51, S — A~ G548 50 B 1 S 5 st
JEF, HAEEATH cDNA iz ik, ¥
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TG, AT AR SN B AT S R AR 2 T K 1 e ik 7
i o
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i LTR, Z5#5c#, R B 280 52k i,
Ph-LTR2 H A 5GPk, XS R L n ge 2
I ERE T o

TERY AR, AHGEL LA T AENRAR
LTR ¥ PR FAETR M, A/ i) Wis_116F02-1,
KEE ) Mtre 1 Mtr76!2% | Ph-LTR2 # ¥ 5'
LTR K 478 bp, 3'LTR K 489 bp, 77 7 -hsi &
RAZ, LTR FPAIEJE R 96.41%, I ABT[EZ)H
61.92 T34, MBS T A R LA 7 4F /Y i vk
LTR %) 73k, Ph-LTR2 % Fif @8 T3k ¥ 4
BT, ATREIRIR HLAATEE

Ph-LTR2 i LTR J¥41 s & X s oo
f45: 3D R shooF TATA-box, 3 MR shoof
CAAT-box, 11~ I BRIE# T CGTGCA-motif,
154K FHEXREITCH TGA, 11T R
NG MBS, 1 A5 W& B2 A G i 8 45 e 1
ABRE. MZRFIBH MR, WM . &K FXMHEIC
AT B BT 5 A R B AR A A R OC
, DRHAT RE e E — S AP U 30 TR OE R
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3.2 Ph-LTR2 %% FEF e fl i i b RIME T L,
T INT. RT #1 RH By RIEHER

1) 4/ DNA B BEAb 556 )3T 55 Sid 1t E &

FEVE TR 6 TE S DNA HI AL BT X .
DNA I Ak J2 A 4 4% 13y 6F 8 JAe 7 JAe ) — b
B, A BT, T IRER S
Wi P LA 1242 B s AR R A 2 A T
2RO026T 75 DNA HF RS B il e ¢ R 9 1
DDM1 e 5 Ag fArfr, — Sfify JAg - X B Ak i
(AN SIREE S ST B Y ) S (s L7/ N |
PG FEEHE AR, — A K & 7 R AR
DNA HI AL AR B R, i S350 A67 ()50 43 e -0
PEAEFEZ MG, WAk TP 7E 250 2e 4R

A I 45 L o F AL IR R Ph-LTR2
T ST JE T I TE A R VR . R AR A R
TE—E R E AT LIFEME DNA AH IR
FEARSER A1 DNA (1 F A0 7K P FT RE AT LABETS
Ph-LTR2 i % 53 e 7 B FE AT R o RISl % 3
FHIRY Ph-LTR2 J5 % 55 i I - A 195 kg I S A
X AT R A 2 K A S 0T 4 R A K S AR A 26

2) W5 TS R O R

WA 30 2 T SO Y A N R KO . MR
W K5 8 Tk B A A% SIS AR B A Al K P 1 2
AR K U e A AR T P g i g D103 i
355 Wp 3 2o A v ) 2R AR fb KO AR 1 S — A B
T, TR U B AR A3 S 30 S PR TR SRR R R,
A2 TE T 0 5 X S Bl 2 R 25 DATRIE (9 3 48 5% )
EEVETIONEE T LASTA 14305 55 I 38 S 56 #R O
LIl

FRIHE N —F A H I E R FB, HX;
JEF- (G e A — R . AR B, y SR
SR KR mPing S5 N REE e e, AR
DNA I (b5 539 A s i 48 51 S i A 5t Fry B
2 BYH Ph-LTR2 55 )36 1 (436 M o 1 Bl 45 570) o 34
T Ph-LTR2 % i 5~ ()36 M Bl 2 T B, ) L s P
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4 H
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JBiE T By as B AT, KB Ph-LTR2 B TH 14
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