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CTRF R K A 2, TTRIIR I 471003 2B RHE K2R, TR EH 471003)

S

B OE. AR Ty3-gypsy Sk e R S ORI SR R RS 19, A AL (Paeonia
suffruticosa Andrews) #hFT EFHZL” FREFA=FpBRIH-4: )} (Paeonia qiui Y. L. Pei et D. Y. Hong) ¥ 4 H!
430 bp AT HBR A B, HIAATEIRIM. safe. 7 XA A5 B A AT e s b e, 3-8 T
13 R FV4E S Ty3-gypsy S skl e J i Sk B 7 51 o IXSSRZHF IR 7 1 LA 5w IR S bk, 2 BRIk
BRRIEAR, JPHIK AR N 412 ~ 446 bp, [RIEPEIGHR 71.5% ~ 94.8%. BHIFMERERG, A 12 4%
FEAIHIL 1 ~ 9 DMARFIFE S 2R 7548, 3 KIFHIHIMBHESS AL . R HIRITHIG I RGE R 0]
G0 6 ANFI . K ILEIEIR T A5 ORI F Ty3-gypsy [ s i a1 I e S il (0 8 L 18 7 5114 T
BHHT, SRR S IARE Y R G B i R, LW AR o] REA7AES Ty3-gypsy I s i 1 1A
) 44 3 o
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Cloning and Analysis of Reverse Trancriptase of Ty3-gypsy-like Retrotransposons
in Tree Peony (Paeonia)
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Forestry, Henan University of Science & Technology, Luoyang, Henan 471003, China)

Abstract: Using degenerate oligoncleotide primers corresponding to conserved domains of the
Ty3-gypsy-like retrotransposon reverse transcriptase, a fragment of 430 bp was amplified by PCR from the
genomic DNA of tree peony (Paeonia suffruticosa Andrews ‘Luoyang Hong’) and Paeonia qiui. The
amplicons were recovered and cloned into pMD-18T vector after purification, positive clones were
selected and identified by colony PCR, then sequenced and analyzed. Thirteen different sequences of
reverse transcriptase from tree peony ‘Luoyang Hong’ and Paeonia qiui were obtained and six clusters
were identified with high heterogeneity through phylogenic analysis after alignment analyses of their

nucleotide sequences. These sequences showed high heterogeneity, mainly characterized by deletion
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mutations. The length of the nucleotide sequences varied from 412 to 446 bp, and homology ranged from
71.5% to 94.8%. When translated into amino acids, twelve sequences presented stop codon mutation, and
three sequences presented frameshift mutation. A phylogenic tree was constructed based on the amino acid
sequences from other species, indicating that horizontal transmission of retrotransposon has occurred
among the plants in the past.

Key words: tree peony; Ty3-gypsy-like retrotransposons; reverse transcriptase; heterogeneity

Pt SR B A 2 U MR SRR Sk R 21 st AL FEA R B L DN, A S — 2Rl #% 8l 1) gt A% A
TAEHERZ Y 12 A74E (Schulman et al., 2012). AEY S i sk 5 JRE -1 JE A6 I AE ) 36 PRV 2 1) 32 2 1
g5, L8 VUBUH L, A% e i R B R X111 DNA SEHE e sl RNA, A ) S Sk il /R Nase
H 5 B DNA, 4l N BT B OARAL 1o SOE sl o B e s e o1 FUAT R s;ad PR 23,
g R KCEEM/EH (Kumar & Bennetzen, 1999).

e sy B PR AR G S 3 e R AP AR Ay R KOR B R sk P T (long
terminal repeats, LTRs) FIHEK R U 2 #5k # )81 (non-long terminal repeats, non-LTRs). LTR
S SR JRE - 42 B e U] 4y 4 Tyl-copia 5 Ty3-gypsy AN TE2E (Kalendar et al., 2011), ‘EAIZEMY)
SENAH h S B A AR 2 s D SR R AR A, (R R A 2 i, R DR A kA
REKE, FERIG T LAY ZRENEVEN S0 5T 3 B A 25 L (Kumar & Bennetzen, 1999;
Schulman et al., 2012). &4 CEZ TP E MY P T4 T Tyl-copia 28 S 5% e 1 (1 7 41 R

(Wang et al., 2010; JufJfE %%, 2012; Woodrow et al., 2012), {H3&T Ty3-gypsy 28 fh sk 4 i
¥, HETBFFCIEAEX 2> (Suoniemi et al., 1998; Gbadegesin & Beeching, 2011; Steinbauerovd et
al., 2011).

PRI L, WA I, AT PEAN R R ) 8 ORI AR BT () 2540 08 Rk
APEH T (Zhang et al., 2009). [FIINHEPHEHAAF KL, ZFE0ETEEFE Rt 2% (Shu et
al., 2012), (HIXSLPRREWTIER, HEAZAZ . Wi NEFRE, Ty3-gypsy 28 5 s i
FAER % R e 454k (Kobayashi et al., 2004; Cadle-Davidson & Owens, 2008), > Attaf)
JER (Erdmann etal., 2002) FIARMEIEF AL (Jeung et al., 2005) 577 [ K34 2 O E B E
o

M2, AR EARAC PR TE 2 T Ty3-gypsy KRG 1457 HLH
BT R ARSI A A e, DL S A A A%, 1 3 S e s iy P 1) 2 LR A AR T
HLEILAF (Suoniemi etal., 1998) T LAAHT I SEXT Ty3-gypsy JE I e s a1 S 4 e Wig e 1) kA7
3 e BERURH O AR 2 AT, DUSA G PH 255 DR 20 A AN o 0 Yt S 4 (8 R4 U

QY ZE SRS DARE

1.1 KR

RIS T 2012 4F 2 2 6 J AR R RHE 24 11 5258 35 58 Ik
FRGEAE PR AR USFHZL (Paeonia suffruticosa Andrews ‘Luoyang Hong’ ) F1EFA:Ff Gy 44 1
(Paeonia giui Y. L. Pei et D. Y. Hong) #(HHX H A [ 4% BH [ 54 PR /2
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s
$E

1.2 DNA 2B K 3R 14

R AWEER & AR LR 4] DNA - G PR AR A IR A R o 5O S8 61 1) SR e S g 1)
1Yt S i Kumekawa %5 (1999), TY3-F: 5-AGMGRATGTGYGTSGATYAT-3'; TY3-R: 5'-GTK
GGKYTTRWGTGTRAA-3'. ' M=A+C, R=A+G, Y=C+T, S=C+G, K=G+T, W=
A+T., PCR XN 1A% Jj: DNA 50 ng, 1x PCR buffer (TaKaRa), 2.0 mmol - L' Mg*", 0.3 mmol - L™
dNTPs, 1.0 pmol - L™ 5[4 (TY3-F M1 TY3-R), 1.0 U Taq M, KM KAMEZE 20 uL. PCR §1
k. 94 'C 5min; 94 C 1min, 53 ‘C 1min, 72 ‘C 2 min; 35 MfE¥F; &/J5 72 ‘C 8 min.

1.3 PCR=YIHE. erERiEL

F 1.0%Z8 e B s ek il 3% 7= 4) , BioTeke B[RRI &R 44k PCR F=9) . [l =W T
pMDTMI18-T gk [ -4 KT 1% DHS o B2 284N, IRBOFRE BRI, PRI PCR %€ A FH
M e B 0 ok 326 b 5t = 8z A AE R AR A R =1
1.4 REXRBFIINFRFISHT

K H BLAST F2/7HET LU 343 10 I e sl 36 R BRI = 1R )7 41 71 DNAMAN #1 DN Astar
TR SRAT ) S e s B P A HEAT HE— 25081, MEGAS.0 B8 Revd iy i R G K & BEAL B o

2 HiIR 50

2.1 Ty3-gypsy i REFEET [ 48 REGFFIH B R

FIHAIET |y s R, 7E IKFHZ FIBEH-4E PFE DR 2 P gk 2 T Ty3-gypsy & 5%
g e8], KBk 430 bp ZiAs (& 1), £ Ty3-gypsy S bk 6% e et PHE 4 b i AA e B —
5E PR 3 7

2000bp _o
1 000 hp —

750 bp —=

500 bp —=

250 bp —=

Bl HAREREETRERBFIINPCRYE

M: DL 2000 marker; 1: HG4LSF IEBALL s 20 GROF4LST.
Fig. 1 PCR amplification of reverse transcriptase sequence from tree peony
M: DL 2000 marker; 1: Paeonia suffruticosa ‘Luoyang Hong’; 2: P.qgiui.

K G320 430 bp oA fr Belrlfiezlif, velEll s, L33 33 40751 4 Blast HEXTAI
DNAstar 7087 )5, HBREESERTH, SIS 13 ZAFTH), WKikbr4h PART1 ~ PARTI3,
i PART1 ~ PARTI10 >k A9 st b ifh 9% BHZL, PARTI1 ~ PARTI13 >k [ B AEFpgR 4t ),
GenBank & 3% 5K A 1X213641 ~ JX213653 (% 1).
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2.2 Ty3-gypsy £ REEFIIMREIRIES RR4E

Ke3RA3H 13 407415 NCBI Hudls FEEAT e 1 B X, 45 2R s e 11 C4RaE i A R )
Ty3-gypsy J& I e s a1 (10 S e e i P ST AR i RO TRk, B WASIEST rp e BE 31 7 41T Ty3-gypsy

IR T 1 (R S S 41

2 DNAMAN A4 73 B iX 26 7 471

], I

N

430 bp, PART4 K J% 4 446 bp, H A543k 431 bp.

F1 B Ty3-gypsy RREREBFFIEER

Table 1 The nucleotide composition of reverse transcriptase of Ty3-gypsy retrotransposons in tree peony

AL AT, AT 5 GC WLLBIEIE Y 145 ~ 1.87, #%1F
WY ARG A 412 ~ 446 bp (3% 1), HH1/¥ 41 PART6 KJ4 412 bp, PART7 Fil PARTS Kk

Bl S B
zjﬂﬁc; No. é;zi " ATIGC gjkB;nk No.
PART1 431 1.49 IX213641
PART2 431 1.55 1X213642
PART3 431 1.73 1X213643
PART4 446 1.67 JX213644
PARTS5 431 1.45 IX213645
PART6 412 1.82 IX213646
PART7 430 1.87 IX213647
PART8 430 1.59 1X213648
PART9 431 1.55 1X213649
PART10 431 1.62 JX213650
PART11 431 1.68 JX213651
PART12 431 1.69 JX213652
PART13 431 1.66 JX213653

MR 2 0T L H P e e S B e 41 1) RIS MEVE LA 71.5% ~ 94.8%, o[ ¥ 41 PART1 5 PARTS
(K EE P e i, M 94.8%, J7°41] PART4 5 PARTG [1) [RIVEMERAR, 1K 71.5%. tidtfGd, [H-—f%ifF
51 RAG I 3 Si e AR 1 S e S B T ) I ANAHR], AR P A B L BB )Y . Ak AP e 2

Table2 The divergence (below the diagonal) and percent identity (above the diagonal) of

x2 HATRERBOFIERESE (ETH) fEEE (L7

reverse transcriptase in tree peony

PART1 PART2 PART3 PART4 PARTS5 PART6 PART7 PART8 PART9 PART10 PART11 PARTI2 PARTI13

PART1 93.3 85.9 83.2 94.8 77.8 80.7 89.9 83.4 81.8 84.1 80.3 85.7
PART2 7.4 85.7 84.1 93.5 78.0 79.4 89.5 84.3 83.6 84.5 80.0 85.2
PART3 16.6 17.1 84.5 86.3 76.2 81.2 86.5 83.2 83.6 85.0 79.4 88.1
PART4 159 14.8 14.0 83.9 71.5 79.8 83.4 80.5 81.8 83.2 75.6 84.8
PARTS 5.6 7.1 16.1 15.1 77.6 80.3 90.6 84.8 82.3 83.6 81.4 85.9
PART6 234 232 25.7 28.6 24.0 74.2 76.9 78.5 73.5 75.3 76.9 76.5
PART7 23.6 259 22.9 20.0 24.4 28.7 80.9 81.6 79.6 81.6 72.4 80.5
PARTS 11.1 11.7 15.4 15.2 10.3 25.0 23.0 83.4 82.3 84.1 79.6 85.2
PART9 20.3 19.2 20.5 19.8 18.5 22.6 22.3 19.8 81.2 82.7 82.3 84.8
PART10 224 20.0 19.7 17.7 21.9 30.5 252 21.2 23.6 83.0 75.6 83.2
PART11  19.0 18.5 17.8 15.8 19.8 27.3 222 18.7 21.1 20.6 78.3 84.1
PART12 247 253 26.1 272 23.1 25.0 37.8 253 22.1 32.6 27.8 81.4
PART13 17.0 17.8 13.7 13.8 16.8 25.0 239 17.2 18.4 20.5 19.1 232
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Ak TEASFHED R 2 B RIS R B[R] — 40P I () — 248 5 e sy Bt JAe - 30 LA v 88 S O 12k )
AL (Ungerer etal., 2009; Wangetal., 20100 > H LR SR G BHZ P A= Ff G bk P
SR 22 A K.

23 REXRBHZEERFIION

T IR IRAF AL Ty3-gypsy S e je 1 SO s DNA R oA IRAH HOG &R, A
DNAstar X 73 B35 B ) 13 45 [ skl e 5 AT SRR 04, APz R SO L e T I R AR B
AR (B 2).

FRYEHEAH Branch (K EERFIX 13 45 SOk B F 500 e 1T 6 40 (B T~ VD, SRR Rk
MARPEAE . Pl V. V. VIKERSH —4&P5), eils asmsh—4, 5HRK
R AG EE BRI AT e SRR P IR B EE K S AR AT ko X T MGG 11 3 Ak 7 461 2 5%
FPH, 31X 2 ANFIRLE TR B 70%, UERHIX 2 ANGG IS A e E s e S e 7 1 2 B4y 5K
% T 7 2P AR ARELE 89% A b, HAZAF IR 41 IR A7 A5 — B R B e 4 AL 22 5 Wl DL
BRI L R 2K el AN R AR T R ] — SR I S e s e o 1 AR e M SR PR 22— (R s 4%,
2008; Wang et al., 2010; Jufite 4§, 2012). >k HEFAFPGE 41 FHE PART10 ~ PART13 J741 5K
H b gt PR A IEBHLL R AR R R LRk, AREWIR A TT.

PART1
<E PARTS
PART2

PARTS |1
PART6
PART12
PART9
PART3 ‘ 1
PART13
PART4 I
PART10 IV
PARTI1 V
PART7 VI

40 35 30 25 20 15 10 5 0

B2 HARERBFSHLK

Fig. 2 Phylogenetic tree of sequences of reverse transcriptase in tree peony

24 RERBHIERFIION

HFIX 13 46 Sk BRI IR R IR, XL Ty3-gypsy 28 & i Sl R & LR (R T P 81, R
3&ITHVRAE T B RAR, 430 /& PART6 (5 96 N2 FEMRAL )« PART7 (55 84 N2 SR AL ) I PARTS
CH 112 DNREIERAL); 13 &0 12 k4 1 ~ 9 MR IEFFRAE, HhRAERZ /D)2
PART1, 7055 104 DNEIERAE KA 1 ANEIEEFRAF, R 2 700 & PART6, {5 14, 31, 44,
59. 85. 95. 108, 111 fil 146 NMEIEMRAL KA T 9 NLILHIG T 584F, PARTI13 7627 35, 44, 49,
51, 96, 113 117, 124 F 149 NEIERE KA T 9 NI R (K 3). KILfERr, s
AR RN 35015848 ] R S S BT Ty3-gypsy 28 B B 53 6 e 15 Sk A B i AL



134 /NS 41T Ty3-gypsy 288 S i JRE 1 S il e B v e o 103

10 20 30 40 50 60
PART1 RGCASTIGS.IR.LSRIVILYPGLLISLINFEERRCSPVLISROQLITEKWQLRESISREQL
PART2 SGCVWTIRS.IR.LSRIVILCPGLMTFLINFEEQWYSPVSISROLITFRAQLRESISRE . L
PART3 SGCAWIIGS. IRWLSRTVILYLGLT IFFISFEERQCSEFVLISR.LIIR.Q.NRNTLRGHI
PART4 RECVWTIRS.IR.LSRTTILYLGLMIFLITFREQQCSPVLTSRRLITR.Q.KEKNILRE . L
PARTS RGCASIIGS.IR.LSRIVILYLGLMISLINFEERRCSFVSISROLITKWQLRRSTISREQL
PARTo6 RGCAWTIEN.LR. .SRIVIPCPRLMIYLIN.GQORCSLVSILK. LITRWKLRENILRG.L
PART7 RECAWTIGS.IR.GLRTTILYPELTIFLINVGEQQCSSILI . RRLITR.QLRRENILIEQL
PARTS RGCAWTIGS . IRLOSRRYILCLGLMISTLINFEEQRCSPVLISROQLITKWQLRRSTILLGHL
PART9 SGCVSTIES.IR. .SRTITLCPGIMICLISFEEREKCSPISISRWLTIRWQLEENTI LREQIL.
PART10 SGCVWTIGI.IR.LSRTVILCLELMFFLIRFGEQLCSPVLTSGWLVTR .Q.RRITLRGQL
PART11 RGCAWIIRS.IR.QSRTTILEFLGLTIFFTSEGRQQYSPVLILRRLIIR . Q. NENILRLOL
PART12 SECVSTIES. TEEQSRIVIPYPRLMIYLITILEE. RCSPFISILR . LITRWESERNILRG(QS
PART13 SGCASTIES.IR.RSRIVILYLGLMIFLISEGEQ.CSFVLTLR . LILR.Q.RRNILRGQL
Consus RGCAWTIGS—-IR-LSRIVILYLGLMIFLINFEEQQRCSFVLISRQLI TRWQLERNILRGQL
70 80 90 100 110 120
PART1 FYLGMAILNFL. CHSVLLIMLOLLLWTL. IECSISTHWTN-————— WLFLLMMS . -EFIRRRR
PART2 FYLGMVILNFL. CHSVLLTLQLLLWTL. IECSTISTWTN————— LWLFLILMMS . -FTRRRR
PART3 FILDIVTLNFL. CRSVLLTLQLLLWTL. IECSISIWIS———— LWLFLLMMS . -YTRGQR
PART4 SVLDMVTLNFL. CHSVLLTLQLLLWTL . IECLINI. ISLWLFLLWLFLLMMS . —-SIQRRR
PARTS FILGMVILNFL.CHSVLLTLQLLLWTL. IECSISTWIN————— LWLFLLMMS.—-FIRRRR
PART6 FALDIFILNSL. CRLVLLILQLLL. ——————— 15. IEY———— SIST.TR.RLGLLEDEG
PART7 SALDMVTINEF . CCLVLIMHQRLYIPYESSV-QSVELY————~ VWCYFHR . YLGLLEDGR
PARTS FYLNMVTLNFL. CRSVLLTLQLLLWTLRIECSISIWRR————— FWLFC. . -CL3LFEDEG
PART9 FALDMVTSNFL. YRLVLLTLQLLL. TL. IECSIST.TS———— LLLCLSMTSW—-STRR. R
PART10 SVPDMVTIN.L.CCSVLLTIQLLS. TL.TECSISIWTN————— LLLFLLMTS.-FTQRRR
PART11 EFVLGMVTLNEFL. YRSVLLTL . LELWTL.LEC . ISSWTY————— LLLESLMTSW-FTRR .M
PART12 FILDMVTSNSP.CCSVLLTLQLLLWTS . IECSISTWTS————— LLLYSSMTSW-CTRRRR
PART13 FVLDMVTLNEL.CCSVLLTLQLLLWTL.IECSISI.IS————— LWLFLFMMF . —-YT.GQR
Consus FYLDMVTLNFL-CREVLLTLQLLLWTL-IECSISIWTS————— LWLFLLMMS——FTRRRR
130 140 150
PART1 ENILGIWL.YCRIHCESSSCMRSSENVNEGK
PART2 KSMLGIWL. FCRHCRSSSCMRSSRSVNSGR
PART3 ENMRNTWL . FCRHCGSSSYMQILRSVNYGR
PART4 ENM.STWL . FCRHCGSNSCM . NLRSVNSGK
PARTS ESMLGIWL. FCRLCENSNCMLSSESVNSGR
PART6 RICETLSYDSSNEVGAAHIRKVREM. ILEE
PART7 RACEAFGYDFADITRVAVVYRTSEV . ILEE
PARTS RAC.AFGYDFTDIAGAAVVCES .EM. ILER
PART9 KSMRDI .L.FFRCCGSNNYM . SLESVNFER
PART10 NNMRDIWL. FCGYYESSSCMOQELRSVNSGE
PART11 RNIRDI.L.FCRYCGSSSCMRNLESVNSGK
PART12 KELYDT.L.FFRHCGNSNCM. S . RNVS5GK
PART13 KNM.GTWL . FCRHCGSNSFMRSLRSVNE . R
Consus FNMRGIWL-FCRHCGSSSCMRSLRSVNSGR

B3 4 Ty3-gypsy XRFEREBERERFTILLE
- AR AR s R Z B T N RIZR I SRR A B A RE A 5
Fig. 3 The amino sequence alignment of reverse transcriptase in tree peony

“« _»

, “.7 and “_” represent for gaps introduced for optimal alignment,

stop codon and frameshift mutations, respectively.

25 RGEHUAMOH

M GenBank 48 38 08 55 (RS T AN R ALY Ty3-gypsy 28 5 e 53 i Joi1 I e sy g 1) s B 1R
B, HAWIFONHI TR BN 13 5% PRI IR IR P AT ILEL, JFERGEREW (K 4).
LiRRYI, HEPY Ty3-gypsy 2 S sk Bl e 1 B sk B R FL IR Y A B R A —il, L5 FUAt Rl 177 21 AT
bo, [FEPERG R, U AR — B ORI (RN AL P RS Ty3-gypsy RS sl Je 5 e e sk i
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FEPR 74 5 K FE (Oryza sativa) #1111 AG266800, A% (Nicotiana tabacum) H1[1) AB033261 Fl#23%

(Eleocharis carniolica) ') GU976752 A4 (1 [RIYEPE o[RS e s e e - AEAE I L) V2 o0 A, A
R BE R A R A G oy e AT DA ) A, iy EL AT DA ) A% (Kumar & Bennetzen, 1999),
ARG S 3K LA BRI ) Ty3-gypsy 28 5 e sk ik A 1 A7 A2 1K Tk 1) 4 326 () I 52

0.05
AJ228325.1 484 Ginkgo biloba
—E BAB40827 %1EEBHFEEL Lolium multiflorum | Family 1
BAB40828 @7+ Arabidopsis thaliana
AB033261.1 M E Nicotiana tabacum
{ GU976752 3% Eleocharis carniolica
PARTI11
PART4
PART10
PART3
PART13 _
PARTI Family 2
PARTS
PART2
PART9
PART12
PART6
7 PART7
PART 8
AG266800.1 JKAG Oryza sativa
AY683009.1 4T Vigna radiata

EF443064.1 Hi&f Fragaria x ananassa

GQ367060.1 [i] 03¢ Helianthus deserticola | Family 4

Family 3

B4 $HASHMBEYESRS RIERBHRERFTIH LR
Fig. 4 Phylogenetic tree of amino acid sequences of reverse transcriptase
among tree peony and some other plants

3 e

1T BRSO P 70 1 A W) 29T T B AR S Rl AR DR e % U7 1T (Guio et al., 2009; Hou
etal., 2011; JE#k %%, 2011; Gaietal, 2012; Zhangetal., 2012), [fijXJF-#4 ek K 41 55 22584011
S s - IR LA S o ANBIRSTH 1 ORI Ty3-gypsy 288 e sic e e -1 I e s g PR eI
SR PCR B AR M A AP A WS PHZL " R AR B O el P A 388 4 85 H T 4k AR Y 1)
Ty3-gypsy I8 5 e s it e S sl e 41, P P XA W45 B, W10 U W I e s e Jos - A4 )
HE I A7 AT o BT ANWIFIT 85 R R 0 Ty3-gypsy 2 S si 1 A - [ e 5 87 41 4 420 bp 7647 (Kumekawa
etal., 1999; Ungerer et al., 2009; Steinbauerovd et al., 2011). AT A 3R HIHL S} S e il 7 51
KA IEH 2 412 ~ 446 bp, KB FHIK S 431 bp, SHTAMIRFFTEE K2, BiHIARITH
Iy BRI Ty3-gyspy 28 S e - B n] 5, JF Halb— P U0 UE T Ty3-gypsy 28 5 % sk e 1 [
SKME A AEAS R R b B e A0 BE LU AR, AT — @ AR~ vk, UESER R M5 1 (0 5154y 25
Ty3-gypsy 8 5 e sk e Je 1~ B J7 V02 AT IR o

AT AL PR AP (Paeonia suffricotisa) AR SRl WS PHEL” FIEF Azt P GR -4t 1)
(Paeonia qiui) N#PEL, % Ty3-gypsy J8 I b sk i g 1 O Sk I HIAE R A PR B H 257 N 9%
FHEE FHOEI 4L PR 4G 3R 33 450740, (HEAH R0 )G, IPAIERR 2, FimdE g R
JFHG, B2y i3] 10 4H01 3 4% Ty3-gypsy I8 e s it e -1 [ e skl v 41, DK IR N 2 S 1R 7
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G AT S TR BT I Wi 2 Rk G, WA RIS i 2 e, ARDRR BER Ry, X AN 59— T e e
THHRERABIEMEBE R R P B 13 4 RO KM 7 IS B8 YR PE . B384 |-
FELEIRR K S b, a0 R AR AR R AN 23 BT R BB R 5848 . RS S8R DA Je 24 1 15 i - 5848 1] g
ST U PY S S R T e M SR N, X S AR 4 (2008) F1 Woodrow 4% (2012) 71 HAih
GER//RRNIOLT RTS8

PP BT IRAS I 13 4% S sk g e 51 B RS SR R A M vl K e A 193 0 6 A%, AR K IG5
(1) B Bt s Wi e VB EE AN TR, SO 1 AN [R) SR S e s e e~ R e s R AR AR 22 5, LA A1) Py s b Ay
W HEAR] (VL% 58, 2008), WAL PFIEPIZHBE4 AR I v B85 570 K 13 45 I Skl B BN
ARG, 5 GenBank T R B IE T AN AR B Ho A Ty3-gypsy I8 s i g Jie 1 I e S I ) 24
RPN TG, R PHSIHRL, KRR 2T AR OGP 41 R PR A iy, X RhAR AL ) B2 1%
Ty3-gypsy 28 e s 0T . (1) S e s e PR e e AT 2 o) s B AR (il 45 SR (afh e 5%, 20125
Woodrow etal., 2012), IX7E—EFERE L oMWFTTEEPHIE IR T4 o

AT B NPT RN 4y 25 T Ty3-gypsy 28 e skt a1 [ i s g e 41, 0 Hop 471
FEAE L2 REVEREAT T 204, AP BT 08 U st A% A e R g A ST it 1B 5

References

Cadle-Davidson M M, Owens C L. 2008. Genomic amplification of the Gretl retroelement in white-fruited accessions of wild Vitis and interspecific
hybrids. Theoretical and Applied Genetics, 116 (8): 1079 - 1094.

Du Xiao-yun, Zhang Qing-lin, Luo Zheng-rong. 2008. Isolation and characterization of RNaseH-LTR sequences of Tyl-copia like retrotransposons
in oriental persimmon (Diospyros kaki Thunb. ‘Luotian-tianshi’) . Acta Horticulturae Sinica, 35 (4): 501 - 508. (in Chinese)
Mz, KA, PIE%. 2008, ¥ M Hli Tyl-copia 28 4% 8 T RNaseH-LTR J7 51 {5 B ek o0 M. el 2241, 35 (4): 501 -
508.

Erdmann PM, Lee R K, Bassett M J, Mcclean P E. 2002. A molecular marker tightly linked to P, a gene required for flower and seed coat color in
common bean (Phaseolus vulgaris L.), contains the Ty3-gypsy retrotransposon Tpv3g. Genome, 45 (4): 728 - 736.

Fan Fu-hua, Qiao Guang, Zheng Si-cheng, Wen Xiao-peng. 2012. cloning and analysis of reverse transcriptase of Tyl-copia retrotransposons in
Hylocereus undatus. Acta Horticulturae Sinica, 39 (2): 265 - 272. (in Chinese)
WA, TF O, MIEEG SCREMS. 2012, KR Tyl-copia 28 S s e e T IO SR A e e R an . B 2543, 39 (2): 265 -
272.

Gai S, ZhangY, MuP, LiuC, LiuS, DongL, Zheng G. 2012. Transcriptome analysis of tree peony during chilling requirement fulfillment:
Assembling, annotation and markers discovering. Gene, 497 (2): 256 - 262.

Gbadegesin M A, Beeching J R. 2011. Highly heterogeneous Ty3/Gypsy-like retrotransposon sequences in the genome of cassava (Manihot esculenta
Crantz) . African Journal of Biotechnology, 10 (20): 3951 - 3963.

Guo DL, Hou X G, Zhang J. 2009. Sequence-related amplified polymorphism analysis of tree peony (Paeonia suffruticosa Andrews) cultivars with
different flower colours. Journal of Horticultural Science and Biotechnology, 84 (2): 131 - 136.

Hou X G, Guo D L, Wang J. 2011. Development and characterization of EST-SSR markers in Paeonia suffruticosa (Paconiaceae ) . American Journal
of Botany, 98 (11): €303 - e305.

Jeung AU, ChoSK, LeeSJ, ShinJS. 2005. Characterization of Ty3-gypsy-like elements in Hibiscus syriacus. Molecules Cells, 19: 318 -
327.

Jiang Biao, Lou Qun-feng, Diao Wei-ping, Chen Long-zheng, Zhang Wan-ping, Chen Jin-feng. 2008. The cloning and analysis of reverse
transcriptase of Tyl-copia-like retrotransposons in Cucumis. Acta Horticulturae Sinica, 35 (8): 1147 - 1154. (in Chinese)
L%, Rpi, T, BIEIE, K78, FREIN. 2008. #JIUE Tyl-copia JEIHe i 138554 e i P 41 ) we e K o A T 20274, 35 (8):
1147 - 1154.

Kalendar R, Flavell AJ, Ellis TH, Sjakste T, Moisy C, Schulman A H. 2011. Analysis of plant diversity with retrotransposon-based molecular



106 P S "3 40 %%

markers. Heredity, 106 (4): 520 - 530.

Kobayashi S, Goto-Yamamoto N, Hirochika H. 2004. Retrotransposon-induced mutations in grape skin color. Science, 304 (5673): 982.

Kumar A, Bennetzen J L. 1999. Plant retrotransposons. Annual Review of Genetics, 33 (1): 479 - 532.

Kumekawa N, Ohtsubo E, Ohtsubo H. 1999. Identification and phylogenetic analysis of gypsy-type retrotransposons in the plant kingdom. Genes &
Genetic Systems, 74 (6): 299 - 307.

Schulman AH, FlavellAJ, Paux E, Ellis T H. 2012. The application of LTR retrotransposons as molecular markers in plants. Methods Mol Biol,
859: 115-153.

Shu Q, Wang L, WulJ, DuH, LiuZ, Ren H, Zhang J. 2012. Analysis of the formation of flower shapes in wild species and cultivars of tree peony
using the MADS-box subfamily gene. Gene, 493 (1): 113 - 123.

Steinbauerova V, Neumann P, Novak P, Macas J. 2011. A widespread occurrence of extra open reading frames in plant Ty3/gypsy retrotransposons.
Genetica, 139 (11 - 12): 1543 - 1555.

Suoniemi A, Tanskanen J, Schulman A H. 1998. Gypsy-like retrotransposons are widespread in the plant kingdom. The Plant Journal, 13 (5):
699 - 705.

Ungerer M C, Strakosh S C, Stimpson K M. 2009. Proliferation of Ty3/gypsy-like retrotransposons in hybrid sunflower taxa inferred from
phylogenetic data. BMC Biology, 7: 40.

Wang F, TongZ, SunlJ, ShenY, ZhouJ, GaoZ, ZhangZ.2010. Genome-wide detection of Tyl-copia and Ty3-gypsy group retrotransposons in
Japanese apricot (Prunus mume Sieb. et Zucc.) . African Journal of Biotechnology, 9 (50): 8583 - 8596.

Woodrow P, Pontecorvo G, Ciarmiello L F. 2012. Isolation of Tyl-copia retrotransposon in myrtle genome and development of S-SAP molecular
marker. Molecular Biology Reports, 39 (4): 3409 - 3418.

ZhangJJ, ShuQY, LiuZA, RenHX, WangL S, de Keyser E. 2012. Two EST-derived marker systems for cultivar identification in tree peony.
Plant Cell Reports, 31 (2): 299 - 310.

Zhang JM, WangJX, XiaT, Zhou S L.2009. DNA barcoding: Species delimitation in tree peonies. Science in China Series C: Life Sciences,
52 (6): 568 - 578.

Zhou Lin, Wang Yan, Ren Lei, Peng Zhen-hua. 2011. Cloning and expression analysis of dihydroflavonol 4-reductase gene PSDFR1 from tree peony

(Paeonia suffruticosa Andr.) . Plant Physiology Journal, 47 (9): 885 - 892. (in Chinese)
OBk EOME AR &, R 20110 R AR 4 - B J5UREEE R PSDFRY SO RE R KK ST, IR, 47 (9): 885 -
892.

CRdmhr X ZAEY A FR)

AT BAT 2GR 22 AR (SO 3 WL B PR . BRRR . E R B R K
YK 55800 4. R AR WL B, 3 FPSCER M, SR T SCF R HES . A5 B A S8 SO 44 FIIL
YRGl . AP MR B BRI AE AR BN . BT EAAL . RS R RN BB B TR . )
Rrfe s AEAFI s OB AR TRl AN SE LB N G, R A S I e TR

JEMT: 18570 CRHBT) .

WFEEET R RICREIL T P RN RS 12 SHERBRRIIEAFT (EEER) 4B, Hi4% 100081,



