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Abstract: In order to provide fundamental clue for genetic evolution and variation mechanism, the
reverse transcriptase gene fragments of Tyl-copia and Ty3-gypsy were isolated and sequenced using
degenerate oligonucleotide primers from genomic DNA of Chinese cherry (Prunus pseudocerasus Lindl.) .
And the transcriptional activity of retrotransposon were detected by reverse transcription polymerase chain
reaction (RT-PCR) . The results showed that a total of 44 unique clones from Tyl-copia and 13 unique
clones from Ty3-gypsy were obtained. Nucleotide sequence of Tyl-copia and Ty3-gypsy ranged in length
from 262 to 269 bp and 414 to 435 bp, respectively. Alignment of nucleotide and amino acid sequences showed
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the high heterogeneity in LTR retrotransposon. Both Tyl-copia and Ty3-gypsy groups displayed mutation
including premature stop codons, frameshift mutation and deletion. Phylogenetic analysis showed there
were two lineages (TAR and Ale) in Tyl-copia group, and three lineages ( Tat, Tekay, Reina) in Ty3-gypsy
group. Furthermore, ratios of non-synonymous to synonymous (dN/dS) of Tyl-copia and Ty3-gypsy were
less than 1, and Ty3-gypsy were greater than those of Tyl-copia, suggesting that they were evolving under
a subfunctionalization model driven by purifying selection. Transcriptional activity was detected in 13
Tyl-copia and 7 Ty3-gypsy RT sequences and didn’t change as exposure to eight types of abiotic stresses.
A Tyl-copia RT sequence named PpRT7 was highly transcriptionally activated by high temperature
(42 C), and showed tissue specific expression.
Keywords: Prunus pseudocerasus Lindl.; Tyl-copia; Ty3-gypsy; reverse transcriptase; sequence

analysis; transcriptional activity

S - (Retrotransposon) JefE AP T IZ AFAE I — ML HE T4 (Transposable Elements,
TEs), i rid it F2 1AL i RNA 7, 75 %5k (Reverse Transcriptase, RT) FIfEH
TR RS DNA (3R¥ 45, 2012), (@ — R0 G Il FE4E N FEFEE R 58 oG )i . b5 5%
RGN IR A, U2 B, AIERE ) R R A il =i 4% D1 (Kumar & Bennetzen, 1999;
Slotkin, 2010), BEiMiZFRF AR KN (Lee & Kim, 2014). KAKu4i#E E (Long Terminal Repeat,
LTR) K&t T B OB HE e 1, LB Tyl-copia M Ty3-gypsy BN (Wicker et al., 2007),
E— S IR HE R, R /e B4 3L R 4L b Ty 1-copia F1 Ty3-gypsy 257943 5] b7 25.5%H1 16.9%(Wu
etal., 2013 RIS H 72 F1 R HRFAE DA KL oKV -EAT B 5847 B T-IR 2 C f br I 2t s i I T AE R DRI 2
AL R BT ) o< E ] (Biswas et al., 2010; Kalendar et al., 2010).

S ST P S PR AR O, A PRI 2H e 7RI DA e a1 DT i ran g% m) 98 1t SR 2 AN [R) 2R
BiZkft. BT H EA DNA JEVE, e REotd &R T uiEk, A s e b TAEERRAS,
EREAM A WS EERERE, RS E BRI E NI, X3 AL 1A 2
(McCue & Slotkin, 2012; Makarevitch et al., 2015). 1&4 EL%F 2 FiE ) [ 5 2 1 1 (1) R GL ik Ak
B RRyE ST THFFL (Rico-cabanas & José, 2007; ¥ 3 %5, 2014; Huangetal., 2017; 8% 4%,
2019),

HEPERE (Prunus pseudocerasus LindD &FET-H E, fEKH IR HIERK 7 FF K 25
P GEBRE 55, 2013). HATILEA K T VEBk SR DR 20 S s e Joe - (R B Fe il o AR 58 rp DA [
PR, sl TR LTR [ s s -7 Tyl-copia A1 Ty3-gypsy RT Bt  FHX H 3 41 F % 56 d 14
AT AT, B AER 7R I e 5 i 1A vh AR R R A A R PR IR By FhRid I FF &, BA
eyt itV B ) i e - D R AR IS BN R A

[ VL SRS DARES

1.1 #REHEHE DNA 92BN

U P RE A 5256 2 KA AR A ORAF R D DG 08 B rp (B AR Bk b 5 Fob o S50 QUG HEBE (Prunus
pseudocerasus ‘Guanling’) A5 HH v, HUREIS A A 48405 30 do PERKZEDAIZH DNA $2HBCR A AL 5
RHR2 7] DNAsecure Plant Kit %75 FHEBARBEREE (0.8%) FLFICHIHEAZ IR 2 Ul DNA i
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= MK,
1.2 S|489%1+ & PCR ¥ 1%

FRYEHEY) LTR S st e B sl (RT) ORSFEE T Wt AH R a1 3 5140 Tyl-copia RT 75
¥ % 1T (Kumar et al., 1997), Rtpl: 5'-“ACNGCNTTYYTNCAY GG-3'F1 Rtp2: 5'-ARCATRTCRTCNAC
RTA-3'; Ty3-gypsy RT F551¥% it (Kumekawa et al., 1999), Gyrtl: 5-AGMGRTATGTGYG
TSGAYTAT-3'; Gyrt2: 5-CAMCCMRAAMWCACAMTT-3', I N=A+T+C+G, M=A+C, R=
G+T, Y=C+T, S=C+G, W=A+T.

SRR 20 uL: 10 ~ 50 ng ({4 DNA, 1E. RESI#% 0.5 umol - L™, 10 uL Mix f&i& &1
ddH,0. Frf Mix 1 F b RARAEWRHAR A, % 0.1 U - uL” Tug polymerase, 500 pmol - L™
dNTP, 20 mmol - L', Tris-HCI (pH 8.3), 100 mmol - L' KCI, 3 mmol - L MgCl,, VLM HAhFa5E
FUFIHE SR . PCR [ MFEF N 94 CTAM: 4 min; 94 ‘CAEYE 1 min, &% 1 min (Tyl-copia: 53 C;
Ty3-gypsy: 50 ‘C), 72 CZEH 1.5 min, 35 MEH; 5 72 CLEM S min, 4 C F{RAF. B3 pL
RN, FESH EB 1 1%ER Mg, LA SV - em™ (9 HLPK 40 min, SRJE TR AT
MEL I R ORAE

1.3 PCR F=¥EIW, TRERMFFS

1%Z5 NEBE B AT I 38 724, e F R AR RN R) & s - 4lifk, PCR 724, W =i 4 T
pMDTMI9-T ik &, A KT H DHSo JE3Z 54000, 37 CH;F% 16 ~20 h J&, BV PCR fiikfH
PR B PRPE RS 100 mg - L &N EE RN LB AR F#EE PR 14~ 16 h 5, HEH
PR R 2R L 5 T FE I R AH A PR A =1

FF 5153 1R H BLAST F274ES HOOIR1G I I Sk B S 5L 18 7 5] A% R AR LA 49 #7>K F DN Astar
A, ZH KR Clustal W #4F, F MEGA6.0 BAFAREAE M I R G0k & 3w, FIH H R (&
21000 ) X RO BEA T VEAE . AN/dS EUAE R ] DNAsp5.0 Bt 5.

1.4 REBEREFFEMERN
FUE PR AE AR S AE T EAR LT 5 (10% PEG). @il (42 CH. R (-2 C). &ohZk (B
K 315 ~ 400 nm, 4T 0.68 ~0.80 W - m™), LM IBA. ABA. GA. SA (#4252 mmol - L") 4t
H 24 h, *F € & RT-PCR EA il -y s 7 s il 226 DRI PR R IA 15 400« R A Real-time PCR A M 7EAR |
K. MR HL R R, DU R (42 °C) AFEARFERE (124 24, 36 f148 h) PpRT7 {EMHi[)
PRI, AR 3 IXE R . S RNA $2HUCRH Aidlab A R easy spin plant RNA kit {57 &
(%5 RN09). *H] TaKaRa A& RNA LA PCR™ KIT X7 &% RNA &A% 1 4% cDNA. FIH
Primer 5.0 AT RAEEE 1 2% S s i e 1 P HIAE JEOR S X B 51, & £ iRk 510 41 . PpRT7
S1%IF %18 PpRT7-F: CGAATACCGTATGCAAGCTGAG, PpRT7-R: CACCACGACGCTTTAAGAA
CAA; WZERHN 18s J actin, HIHNIF5145r 514 18s-F: TTTTATGCAACAACCTTCTGGT, 18s-R:
TAGTGAACCGTTCATTCCAAGC; Act-F: GTTATTCTTCATCGGCGCTTCG, Act-R: CTTCACCAT
TCCAGTTCCATTGTC. PCR [z A& %2 Mix 5 uL, cDNA #4R 1 uL, 54 0.5 pL, HARF 10 uL.
PR N 50 C 2min, 95 C 30s, 57 'C 10s, 72 C 10s.
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2 RS0

2.1 LTR RE¥ER¥EETRERBERFYIRRE
A 1 5 51 P 7 19 44 R I e i iy

Marker Tyl Ty3

(RT) %, 3845 Tyl-copia J Ty3-gypsy K& 2000 bp—
35N 260 bp A1430bp 24 (1), X5TE 1000 bp—
TR EROGE (Fanetal,, 2014) —%K. o
4 PCR EIC. soke. MUFEEE] 44 % . et
Tyl-copia VA J% 13 & Ty3-gypsy RT JSL 541, 100 bp —

I3y W44 N PpRT A1 REPp.
1 Tyl-copia ¥ Ty3-gypsy I R5E REGFEIR

2.2 LTR &5?%5?@%&5?%%*2@&’?5”#% F?;uag PCR #"iggg%
?E ﬁ*ﬁ' Fig. 1 PCR amplification results of Tyl-copia RT and Ty3-gypsy

RT in Prunus pseudocerasus

44 % Tyl-copia &G WL 7 HI K B
£ 262 ~ 269 bp 218, 13 % Ty3-gypsy K
SERERLIR B K FEAE 414 ~ 525 bp 2 1A], Hi 432 bp 526, 431 bp 2 4. 429. 425, 525. 435. 423.
433bp % 1 %, BaRHBERMKELR (& D,

F1 BREELEF Tyl-copia A Ty3-gypsy XRFEFREETREREBFIER

Table 1 Base composition of Tyl-copia and Ty3-gypsy sequence in Prunus pseudocerasus

BRIER S K/Mbp AT/CG LLfI FE8 2 9% K/Nbp AT/CG L
Sequence name size AT/CG propotion Sequence name Size AT/CG propotion
PpRTI 266 1.58 PpRT38 266 1.53
PpRT2 265 1.5 PpRT39 266 1.58
PpRT3 260 1.39 PpRT40 266 1.42
PpRT4 262 1.82 PpRT41 263 1.29
PpRTS 266 1.49 PpRT42 263 1.46
PpRT6 263 1.39 PpRT45 263 1.37
PpRT7 263 1.29 PpRT47 263 1.33
PpRTS8 266 1.49 PpRT48 263 1.35
PpRTY 263 1.33 PpRT49 266 1.63
PpRTI10 266 1.51 PpRT50 263 1.37
PpRTI2 263 1.29 PpRT54 266 1.53
PpRTI3 266 1.4 PpRT56 263 1.46
PpRTI14 266 1.44 PpRT58 266 1.42
PpRTI5 263 1.25 PpRT59 266 1.56
PpRTI9 263 1.41 PpRT60 263 1.27
PpRT20 266 1.53 REPpS 431 1.68
PpRT21 260 1.36 REPp6 414 1.54
PpRT22 266 1.44 REPp7 435 1.56
PpRT23 263 1.29 REPp9 432 1.82
PpRT25 266 1.56 REPpll 525 0.97
PpRT26 266 1.53 REPpl4 432 0.98
PpRT27 263 1.31 REPplS5 432 0.99
PpRT29 266 1.56 REPpl6 432 1.01
PpRT31 263 1.23 REPp17 429 1.49
PpRT32 266 1.69 REPp21 423 1.12
PpRT33 263 1.44 REPp25 431 1.82
PpRT35 266 1.44 REPp28 432 0.98
PpRT36 266 1.63 REPp29 433 1.41

PpRT37 263 1.44
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AT/CG tLEE R EIR, Tyl-copia KR FERFELE 1.23 ~ 1.82 2 10], P14 1.45. Ty3-gypsy ¢t
B & =7E 0.97 ~ 1.82 Z i), Hr <1 MF 4 %, P4 AT/CG N 1.34. Tyl-copia 2% IR T
HIAHAMELE 24.1% ~ 99.6%Z[A], Ty3-gypsy KIS K BIZIR T AL 22.2% ~ 99.5% 2 (8], Eox
e FE IR e T

2.3 LTR R¥EFR¥EETRERBEERFIISH

B BRI T A Tyl-copia ¥ 578 NCBI #4237 £k BLASTX, KILSAEYF
(1) Tyl-copia J %% 5875 BA B AN, Hh 51 (P mume). Bk (P salicina). 3EH (M. x
domestica) SFHEPIFRME i & o FHEFH IR P mega 6.0 #EAT1HE, A EAHIELE 51.9% ~
100%2[7] .

RAERITH ZHFHILLANEER (B 2) SR, XTI EE Tyl-copia RT 751 M8 1O 55 451
i, Hr RT-BOX2 £5#38y TAFFHG, 5524 (Fanetal, 2013). KR GEfiE 4, 2012) %

PpRT20 1 N -l - - = < T
PPRT9 1 I WY - - I I - 7 R - - < T
PpRT8 L I I OB~ - G I < 1 I =~ <
PPRT2 1 I - - -1 < FE O - N -1
EPRTLO 1 I R - - - - N 51 S
BERTS Ny - P e nEEE 00000 QR g b pEl Rl |
PpRT13 1 I N < 0 N~ - < < < N 7 < I < = < < T
PPRT14 + I T I~ - =1 < N - 0 I - N - 5 << S
PPRT3S 1 I - N - < I I - < S
epr1so 1 ORI I - S < < I - N 5 < I < SN
PPRT22 * I - 0 I~ - < 1 - I < N = < TR
OO~ c w4t
prrss 1 R NNl < B B S W R BB v I
epr1s0 1 |EI<c = <ol os IER - NI 5= B -
EpRT4 1 D NN < - =i o RN - I - - - - - SVEREE s = VRl o T s A v I
PoRT3 1 B V- B - = I RO B = 0 Bl o0l = - < e - EI
pprrzl 1 ISV A M- e BN 5 O 0~ B s Bl 05 Sl - L = - NN
PpRT12 1 [ EERE T - os erHloREC -l T BE: st EElE T A s TvflssEE F Loc eV - REY IE I
PERTLS 1 N = s - e - -0 = I <l s Ll By s oo - BT -
worrze 1 IR - e - I = Il -l 05 ol v s o- BRI
PPRT2T + - RS =B - e - I - =l < R o LAl s BV seso- BV -
pprr37 1 RSN ME: - oI I = Bl O < B oo - EE
epr7s6 1 [NERCMEVIN I MEDD -ty =0 IS W I~ Kl R ElE el e BEvEsoc sy - AR
pprrse 1 NGNSV MEED -5+ 0y IR - KB o+ s B ooy -
EPRT19 1 A W - o - W - - £ o o~ ol B oo on - ATE I -
erre 1 I OB oo Al N > S0 =+ v o R
PPRTLL 1 N o e - s o N B - o< <5 o ol B Rk - A NI
morras 1 NS orl el e - oo I W - oI B Ml =<l B - o
errzs 1 R o I B - - M -l o
EPRT31 1 I R ool v - s i I - N -l < <6l o ol B e o< - v -
pprra7 1 IECNEEE-= RN - oo i RS - 5 -l o< < Ml = ol B xR
orrr 1 A v s sl - -l < - W =<l B - - -
erras 1 Mo - o R =< M- - < B -
eerral 1 A s o R - Rl ok ool B e o< -GS
eorne 1 A B o I O o B M B o S
consensus 1 TAFfHGdLeediyM ¢p gfve k nlVCrlrkslygLKQsProwykrfd fmlkigyrrc sDccvy h £ dg iillllYVDDm

RT-BOX2 RI-BOX3 RT-BOX4

2 B8k Tyl-copia R FEFRBEERFIILLR

Fig.2 Alignment of reverse transcriptase in Prunus pseudocerasus

PPRT30 B b ogwe R L0 0wl b My wgls Ell 0 B
BPRT32 1 - ER-E = - - R - o S -
BPRT38 1 - - - o= R o S -
BPRT45 1 - - - o= R - o S -
PERT54 o bod s Rl sl ¢ @i Wy pgle &l B
PERT36 1 I - - = I R - I I SR -
PERT29 bUAE e sl Sp @iy  pgs &l B
PPRTL N bbb vagEb R b Wil W wge m R
PPRT39 1 I - o - - - I I - F R - I - < -
EpRTG0 1 I - TR - I - S I I S
PERT25 + I - o - - I I - FE I - I - < -
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YFp—3 RT-BOX3 Z5#3H1 YGLKQAPRXW 41k, AHMNAIEM L (&) K GHERE). Q
(BRI LK P UHERR) RAEFEIERR: RT-BOX4 454 LLLYVDDIL Ll % TALYVDDIL
HE, BEL CGRER), MNMERY (RER) D (REARMR) SRR ERE.

Tyl-copia H 6 267 H L B0 T B FEAS A8, 5 P 50501 13.95%. PpRT4. PpRT2I1
TEEE 28 fIlgdE G RAEN T, 28 30 filidd: A RN G, MITERKL TAG %1t PpRT35. PpRT58
TR 52 FIlgidE C RAEN T, Tk TAA & 1EF; PpRT45 %5 166 Sk C 2825, T 8 TGA 4 1E1
PpRT49 1555 46 fif2e C A G, 48 fififidE A KA G, B TAG &b+, 7R3 55 gt G =48
BT, JE TGA #1E¥; PpRT33 #E55 111 Ml T RAMN A, U TAA 4 1E¥. PpRT4 1£55 9
MNEFERIE K AEBIYRAS . PpRT4 155 43 NEIERRAA 6 NMAFER T Ak .

Ty3-gypsy 1 13 26550, 5 7 5675 R ERAS, Hodt REPp 6 1E55 178 g C 5848 T(HE 3D,

REPp16 1 N SO 2B - Ll Y - Al o= sEsE T HoER Tl cEo
REPp28 1 S - O - =L I Bl o= sEs B oRl T cEo
REPp14 1 Y O 2B - L Y Ao s s Bl B cEo
REPP15 1 Y - R AR - U Y Bl o s s Bl T Eo
REPp21 1 S N - ORI YRRl o= sEsE Rl Tl cEo
REPp1l il W @ N oy RO R Jgui BNY N 3 g Bjaii W o &N
REPDY 1 ORE EE < SN Nl - < I O = - K =B
pepp2s 1 [EONNEYEER < RN - NN - I I < - EEE B
REPDS 1 IONNE : FEl < S NN of - I IR - 5 e < -6
REPD? 1 I NN VRERER N A N - NOMs .7 ISR < B
repp2o 1 NI VREER RN B ORI Rol s T KRR 0 oEE
REPD6 1 I I o SN 1 - 5 I << o V= =l - - THEE W
REPP17 1 N BT ETE R R T NN - REE R < B VETE - = TV T IEEREE R

consensus 1 MCvhvrnLNkatikd fPlnriRdLvD 1 G flskmDl saYhaihmh ad htaFrTrrG v vv

REPP16 70 IR - il oollc s = IV e B ol TV R
reepzs 70 [EICEREN- IR il ool - IRVIES - - B o oI <RI
REPp14 70 IR -0 - il oollc s = VI e - B0 o TV R
REPP15 70 -~ T~ Dol s M IV < B~ ol VR IR A
repp2l 69 [NV CEER-IVE- TElA Dollcks HE VIR <V L~ Dol TolEY T BN Y ONEE -
REPP11 70 |EEECENEN-EVE- ~28 Eollcs THE IV <RI~ GBI < Vil LENCEEED Y R IR T
REPp9 70 | EE-E-E-Eofll- Rl E ool Sl ees iR oTlE N OB v Ak LS
REPP25 OBy R st Rlaele e a0 jclelod ot BN (RN [Nel NeNSN |
REPpP5 70 RN BN ~¥:-E ool B o <Eocctls T oTlE vk EF AS - - -
REPp7 71 VESETLSHERS K- DEfRe EEROEVERE: NIER TS TOlE A HE T2l s ABD HGIENEK I s
REPp29 71 ST EERSEE- vElReEEROVERE: VEEE TS TElE . S T I s VIlo HCER K 1 sl
REPp6 67 IR - EV oA BN v EGER YEA O EFI VEFOllIG KT
reepl? 70 EERECENCEEE - £ Bl oo Y - EOE -~ ol U ol i<l

consensus 71 vMPFgL Na atyq lmn mf yi fmiVyvdDiLiysit dehv 1 vf iLr nmkln kc

REPp16 139 pfp@-----—-------------— -
REPp28 139 Hl-----------------------——————-
REPp14 139 E¥--------------————— =
REPp15 139 Elf--------------—--————mm -

REPp21 137 DEEE---------=============————— -
REPp11 139 AJISSGRFLGEMISQRGIEANPDQIKATITHAHT

REPpP9 139 VWB---------=-—-—— -
REPp25 140 Vjl---------------===--——m -

REPP5 ~  —mmmmmmmmmm oo
REPp7 140 FE--------------------- -
REPp29 140 Efl-----------------——m -
REPp6 136 lFGV-------—----——-————————————-

REPP17 138 HEl------------cmmmmmmmmmmm e
consensus 141 dfgv

3 Ty3-gypsy RKRFERMIEERRFIILE

Fig.3 Alignment of the amino acid of Ty3-gypsy reverse transcriptase in Prunus pseudocerasus
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e TCG %1t REPp21 1E55 245 Ak G RN A, W TAA %1k¥5 REPpl7 15 336 {17
B A REHN G, L TAG &1LEF . REPp6 1£55 79 {31, REPp7 1£%5 37 {31, REPp21 1E 87 i, REPp29
1E 34 MR B R AL AEES AR, REPpS 1F 3'fifa R IE K . X ELI 2R RT A RAEZE R I, Tyl-copia
N 13.95%, ZAKT Ty3-gypsy 1 53.84%.

BLAST 7 #i 388, BT A Ty3-gypsy J7 585 AR R S AR, JCHS RN 3 3R 2= 0
JEHIHE (P mume) FMER S . DUR ST IE T B G HED BT 1S 7 51 T80 SR, B Mega6.0
X IR Y A BEAT AU AR TSRO, 25 R BN, RIERRAHIETE 46.7% ~ 100% 2 18] . LLXt4h
R CEI3) WTLAEH, Ty3-gypsy 8 5 HE1 [ G s B e 91 b R AFAE — MR SF X 5 “MCVDY 7,
K5 KRR (& 55, 2017, AL CERM 5%, 2018) MR —3.

24 LTR R¥ER¥EET RT SERRG L EH

34 25T 6 ANERIER Tyl-copia R #5558 & Ivana Maximus Ale< TAR. Bianca VA J%
Angela (Wicker & Keller, 2007) 5 44 2 E#Hk RT 751 UL K H T NCBI FIAS FFH 25 2% )%
R MG B IR T AT RGBT 45 R 4 Bios, A 23 5488k copia KB IT 5 )& T TAR
KER, RE21 FTFHET Ale X F, HHEH 19 %FHET Aled-2 WL R, PpRT2. PpRT3 & T
Aled-1 W %,

PpRT397?

PpRT54?

PpRT25

PpRT20

PpRT9

PpRT8

PpRT2

PpRT59

PpRT10

PpRTS5

ACZ36926.1 Prunus mume
ABF57083.1 Prunus mume
PpRT13

PpRT14

PpRT40

PpRT22

PpRT35

PpRT58

ADP88718.1 Fragaria mandshurica
ACZ81613.1 Fragaria X ananassa
ACZ36930.1 Prunus mume
PpRT1

AGX45507.1 Prunus salicina
AGX45523.1 Prunus salicina TAR
AAX56355.1 Malus < domestica
PpRT36

PpRT38

PpRT29

PpRT30

PpRT32

N LN
© AM040263.2 CIRE1
©FN357199.1 SALIRE1
B o EUI05455.1 Tork4
CANS2574.1 Vitis vinifera
© AC210386 Poco
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Fig. 4 Phylogenetic analysis of Tyl-copia retrotransposons from Prunus pseudocerasus with other plants

Branchs with circle shape indicated there sequences were identified from 6 primitive clades.
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Fig. 5 Phylogenetic analysis of Ty3-gypsy retrotransposons from Cerasus pseudocerasus with other plants

Branchs with circle shape indicated there sequences were identified from 6 primitive clades.
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K Galadrie (Llorens et al., 2009; #3 %5, 2014). Z5% (W 5) §IR, REPp5. REPp25. REPp9
%3 %75\ )& T Tekay, REPp7+ REPp29 J&T Reina, REPpll. REPp21. REPpl4. REPpl5. REPpl6-.
REPp28 % 6 %% %|)& T Tat, REPpl7 5 REPp 6 NJgT 6 Fhsz RyulH, A FpiE— ST,

25 FINREERFRNREES

[@] X %438 (Synonymous substitution rate, dS) HIHE[F] X 5¥4% (Nonsynonymous substitution rate,
dND [JEAE (AN/AS) & H FHVEARS DN e 2 A 2 3 () L R 32 B Al F/E o Rk dN/dS =1, T2 rh
PER R, WR dN/AS > 1, IR RIE LI R A2 2 B AR 4%, 1 dN/AS < 1 D56 W Al A2 52 2L
PR . RBREBERI TS, RIS AR AT IL B . SR DL R R TS (LS Ty3-gypsy
' Reina MAR 73K FRD.

dN/dS THEERE (R 2) IR, PEBE Tyl-copia 3 ASCHRAE 0.2166 ~ 0.2402 2 18], Yl 2
aifbik e,  Ty3-gypsy Tekay J Tat 3224535108 0.540 F1.0.902, Vi W& Zaifb k£, Tar Bl Th
P

22 BB Tyl-copia M Ty3-gypsy ERFE BT R REBRF5IE N FREEMIERE N REE S
Table 2 Average nonsynonymous (dN) and synonymous (dS) substitution rates for clades belonging to

Tyl-copia and Ty3-gypsy, respectively

S T MR Py 4 P& E E R ES
Retrotransposon Clade Number of clones Synonymous (dS) Nonsynonymous (dN)
Tyl-copia TAR 22 1.7076 0.3528

Aled-1 19 1.3006 0.3128

Aled-2 2 1.7145 0.3717
Ty3-gypsy Tekay 2 0.835 0.79

Tat 4 0.386 0.403

W XREHPMEA RT 7505 HE 750 dN FildS 1 F41E.

Note: The values were averages of dN’s and dS’s for comparisons of each RT coding sequence with other member sequences of the same clade.

2.6 Tyl-copia F1 Ty3-gypsy §&FiE RN

X} 20 % Tyl-copia 5 9 % Ty3-gypsy KB F 5 Wi HRE = 51 903647 >F € & RT-PCR, Rl 3
TEAS R AR A e 26 4 N A Bk b e shdE 1
i (B 6) Bon, 21 &FFELSERT M BA Hsaat:, HREAFEEME T, R &iE
(42 °C) B slie 1 &L BT (PpRT7) WGV S, T HET Aled-2 Wil HA 20 %7
B Pl S5 A M TE Ak, BB IR A KRS T BA WM, (AR TR Z AR agm. ix
H P HIA 13 2508 T Tyl-copia 25 (HA 5 5B T TAR 2K, 8 K& T Ale 25, 7 % & T Ty3-gpsy K
(HH Tekay 56 3 7%, Rina 252 %, Tar K1 5%, ROFLR %) AN I BT 2 [0
SIEMERIEKPEESR, A EER GG ET A RESN LR/, HEEFREERE. 7 %
JF AN A B TG, L3S T Tyl-copia 115 260750 (Hod 3 258 T Ale 25,2 258 T Takey 25, Ty3-gypsy
(2 55 (BT Tat).
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Fig. 6 Transciptional activity of Tyl-copia and Ty3-gypsy subjected to abiotic treatments
1 - 10 indicated before treatment, control, and treatment by drought (PEG), heat (42 ‘C), cold ( -2 ‘C), UV, indole butyric acid,

abscisic acid, gibberellic acid, salicylic acid, respectively.
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Fig. 7 Transcriptional activity under high temperatrue and in different organs of PpRT7

Different lowercase letters represent significant difference at 0.05.
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YT PpRT7 FE M iE M, HH 7840 1 A3 TS 7 T #5232 sl sy i e K28 8 (il
BRI &, 2011, #E—BxtEE (42 °C) AN i iE R TR . S5 R (BT R,
PpRT7 TE AL BTA — @G, A3 12 h 54K, 24 h SRBE5EIT 10 £5, 36 h Jo T B2 42 Ay
KPR W (25 °C) BUAK, AEPRRIES. miEAEE T 24 h, HRBTHRE
BOS TSR T A0 H AT, PRI % 5 EEMk PpRT7 FKiEM TR, X 52 & RT-PCR 45—,

3 iR

e JE RS M T AR RN 25 117 RAR S e 53 M e 1 IR e S Bl P B R AE 2 — . InAE A s A 70.59%
() Tyl-copia (FIZ5# %5, 2015), fEKHRFPH 67.07%1) Ty3-gypsy (84 25, 2017). Wang 2%
(2010) 7ERMFH K I Tyl-copia TRAZZHR 32.3%- Ty3-gypsy N 27.5%, BT REZHHEY. AR
Rk Tyl-copia A8 Z 13.95%, Ty3-gypsy N 53.84%, Hf Tyl-copia T CRE K TG YoFd, ¥
HIPEREAE Tyl-copia RAFLEARKI MM . TG SRS R REBOVHIE, FIMFERRERZNUR,
e 5RGRFANKRE, MRBRWEFMAEY 7B LRt 4, EFHE—BHR. SRELHED
(Wang etal., 2010; Hgh, 2014) —#f, Bk F 4 AN/AS /0T 1, Ui kil 7 514
Ji T kT, B F A EBAERETE (Hurst, 2002). XV I 5 S5 B 413 4 /KT A6 i s &5
RAMUEAHIX — /5. Ty3-gypsy AN/AS 5T Tyl-copia, Ty3-gypsy AR A 22 580K, BiBHAE SR,
ANRIFELH 2 8] 38 48 [ g M BEAL AR DL AR [A]

TEMY) 3 ACHT, Tyl-copia X Ty3-gypsy 7304 6 NMRIA R, [ ZAFAET/INE . KIGFIF G IT
H (Wicker & Keller, 2007; Lloren etal., 2009), JaREM#HILIIFES, BE2RE 7RG R
B (2014) ERLLRERH T RKIN Tyl-copia FEAETA 6 MR FR, Ty3-gypsy FA1E 5 RIS
Ro FEHEEEFLEA T BRI DI FE AT (Kolano et al., 2013). BT EEBkIEFEHE A
KA, BRTSEEAR, Tyl-copia R1G%| TAR 1 Ale Wi JRIGSZ %, Ty3-gypsy {Z1E Tekay. Reina.
Tat 55 3 NMRIGLRVA K 1 DMRDBIIL R PEBE TAR S R, PpRT4. PpRT49. PpRT33 568 —
LE BT IV AR 2 B SR IRAE — kS, AT Re /e 2 W51, X0 AT B AN [ ) E) 7K~
I RIPERE, 1T TAR SCZ oAt e 2 B0 15 2 1) 0 A V) B 3 AoRE ) R S P, I 8 10 2 1) 1 T
REs& PpRT4. PpRT49. PpRT33 Y\AALIETI K, 1EMHABIHIBEM A 2 U0 B . B 78 3R A5 1 PP
B, NI IR B 32 e 93§ B X AT 5 v [ Rk B 2 Sy e e 1 73 R R it 17— AR

R Z Wb b #S R L S e ST P 1R R, AEARAEMEE AR IE T A = A ME (Wang et al.,
2010; Fan et al., 2014; ¥4 %5, 2017). S RZHBAAFERILZ, 75%1) Tyl-copia M Ty3-gypsy
IS Bt SR Bt PR A TR AR KOS T IRk b BT e im0 B LR SR AR . R TIXAPILG,
T HANAEY) WA DBRIE, UnE AR (Lotus japonicus) " HIFEBEF LOREL 78 1E % AR
TNEAHEREE, ARZHAENES (Lene et al., 2005), 1EF KRB FA 5 BT 1)
Bk R 45, 2014). — R RN, JRIGSRIL T I8 e RIS 0 e A 1, B e sad ik [
SR T S SR D], (BAR FTRE I ANRERL B8, PR D% PRI RS 5 B 5k . RNA T mRNA %t PA
KRR S BR, — B o IR PR ys 1, WO R R AR B (IR 48, 20125 ZEBHRIHRAN
Bife, 20160, A LW R0, HERER I S s P HO4B N R AEAE R R A X, % Th g3 R ) 3%
B ITCFEME, Pt DL L8 A AR R R AL B4l N R TR A BRI A KR E, BITX A AR A%
WL (R 4, 2016). FEXEBIEFAKMRE NIEERE BT A 2EH, A2,
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Fribz 4k, BAEETZ 01 AR AL AR (A A SR T 1 . SR ARH S PpRT49.
REPp7. REPp17 A4 LM TR RAS, (B B AHEM. 8 A f (IR &, 2014),
KFR G2 55, 2017) i RIIXMIL G . 5 R AT B S e sk e o AE K i i B b, TRk
T—EBART B S ELANLS], AT S A7 e EE (2R 55, 2014) . [FE 5 5 mRNA
EYmISEE AN, kARSI (Frameshift reading) T4 L% 151 (Rajputetal., 2010).

IS S P 3 Ve T P O R B TR AR, WS S B HE T ONSEN AEIT A KA FH IR AN K
7T (Pecinka et al., 2010; Matsunaga et al., 2012; Ito et al., 2013; Cao etal., 2015). AW HF K
W1 RZBEIRE S EEEF ST PpRT7. TR & s PRk R 40 A ) B 2L R, SRR A
BRLETE 7 #e3E Z IR B R, A AMERIR Z Wb sF R (8 4§, 2014). PpRT7 ¥4 ik
— SR TR e S B PR CE A e iR A (AL B L I A
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