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Frequencies of Tyl-copia and Ty3-gypsy retroelements
within the Avena EST database
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(1. College of Agronomy, Shanxi Agricultural University, Taigu 030801, China;
2. Dryland Farming Engineer Institute, Shanxi Agricultural University, Taigu 030801, China)

Abstract To investigate the expression pattern of Transposable elements ( Transposable elements, TEs) in oat,
fourteen Ty1l-copia-type retrotransposon sequences and three Ty3-gypsy-type retrotransposon sequences were
selected as seeded sequence to mine and analyse Ty1-copia-type and Ty3- gypsy-type retrotransposons in the Avena
EST dababase of GenBank. The result showed the frequency of retrotransposons in root tissues was significantly higher
(P<C0.05) than in leaves. The frequency of retrotransposons in oat under high rainfall stress conditions (0.24% at E<C
e %) was about to 2 folds higher than that of under ambient rainfall conditions (0. 12% at E<Ze™ ). The significant
difference was estimated between Ty1-copia-type and Ty3- gypsy-type retrotransposons in root (P<C0.01) ,but lack of
significant differences in leaf. The result above suggested tissue-specific, developmental regulation and responses to the
environment were existed in Ty1-copia-type and Ty3-gypsy-type retrotransposons of oat, which provided an indirect
estimation of the patterns of transcriptional activity of these repetitive elements. The retrotransposons mined in Avena
EST dababase are helpful to annotation of genomic sequences also.

Key words Avena; retrotransposons; EST database; transposon specific expression

Weks B . 2013-12-10
HEEWH: BRARRAILE I HE (31101199 ; 117444 IR 55 3 R0 H (2012021024-2) 5 111 PG ARk K 2 i AR 22 R
R AN B AR T H (XG201209) 5 I PE 4R K 2% 513 A A B E 8550 3 (XB2010009)
—AEH . SBLLUE PRI, 3B S B R TR 5 R HU 5T E-mail : guo_hy@163. com
WINAER . B PC, R B, N ML ST T E-mail :jiajuqing@126. com



24 0 R S A N S 4

2014 4 5519 &
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(Transposable elements, TEs) A7 [ — 5, K H 4 i
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SRR AR TR Tz AT, AT L 9L 5 Rl Al
1 )2 % 5 5% 8 ¥ . LTR 26 DIRS 2§ \PLE 2% | LINE
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T T m AR R A — 2 R AR
UL TR 80% . AR I 5% S 5 )6 T
eI 5 A i mRNA 5 R 8 5 A RUE o
HEAA B LD 21 b 58 B 1) AHLE 5 R R 4 IR
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(10 S HE R R AR G b 5 2 R L DR 4 el /AR R
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Avena AJ223973;
AJ269531) ,6 2k I 5 5 W ¥ 5 (Avena sativa »
M94483; Avena sativa , AF378026; Avena sativa ,
AF378025, Avena sativa s AF378024 ; Avena sativa ,
AJ295096 ; Avena sativa » AJ295097) , 44 55 H fth i
X SE 5 B T P 9 (Avena sativa , AJ061327;
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Table 1 Frequency of Tyl-copia and Ty3-gypsy-type retrotransposons in Avena EST databases
Tyl-copia I Ty3-gypsy
ik % B MUK ESTs W%
" g SRR EsT EST %ift BE ES
Name of Develop. Tissue No. of ) )
E<e ™(E<e ™) E<e ™(E<e™™) Total Frequency
species stage type ESTs
No. of ESTs No. of ESTs
Avena 43 BEH] m 10 301 1D 2(5) 3(6) 0.03(0. 06)
barbata Tillering Leaf
R 23 715 2(8) 10(30) 12(38) 0. 05(0. 16)
Root
Z fE H 20 226 3017 7(19) 10(36) 0.05(0. 18)
Booting Leaf
Avena i 4 3] R 2 520 27(33) 6(12) 33(45)  1.31(1.78)
sativa Germination Root
period WAkt 2 823 3(6) 4(7) 7(13) 0.25(0. 46)
Etiolated leaf
3 gt 2 205 1D 1D 1(2) 0. 05(0.09)
Seeding Green leaf
FFAE ] I 19 0(0) 0(0) 0(0)  0.00(0.00)
Flowering Inflorescence
stage
BRI i 4 457 1(2) 2(3) 3(5) 0.07(0.11)
Watery Seed
FL AT I 7 2902 1(3) 0(3) 1(6) 0.03(0.21)
Early milk Seed
FLEVUE 7 10 352 3(4) 5(8) 8(12) 0.08(0.12)
Late milk Seed
4y WOV 3L R FL 65 0(0) 00 0(0 0. 00(0. 00)
Immature Endosperm
endosperm stage
A1t Total 79 585 42(75) 28(84) 70(159)  0.09(0.20)

e SR R TR R, R B K& Hordeum wvulgare
(BARE1, Z717327. 1; CEREBA, AF078801. 1;
BAGY-1,Y14573) , /N& Triticum aestivum (WIS-2-
1A,X63184. 1; WHREL, AB14747. 1), /NZ Triticum
monococcum ( WIS-2-1A, AF339051), F Secale
cereale (R1713,X64100. 1) 2R 751 ,
1.2 Blast bk 3¢

fifi i NCBI 74k BLASTN £ % 2 /¥ X4 GenBank
R EST Bl vt AT BLASTN kR #e 2K
sk e 1 EST Jy 41, B K 00 28 80 5
Awvena(taxid: 4496), DI EE{E E<e * fl BLASTN

343 KT 100 55 1 Wk R SAE i 12 45170 1Y 7 9
BN Ay e SR A JAE - TR R 9] R 38 4% 1 B ™A% BT
A5 75 5 FH U B B w5, A R 9 AR ) 2 D) RE T BE B
VL) o XA I L R (A T L S ok B
JEF FE I B D AL ESTs 551 K 2 K & 45
R ESTs Jy ol my B PR . SR )5 DU E<
e "HI BLASTN 1543 & T 100 Ry B{H #1755 2 Ik
Kor B8 Gili 4 B M1 B i Sk 2 JBE ¥ I S B T A 1) o X
A AR AR ESTs 78 dE47 40285 (PR IR 20 b
DA 3k Gt B0 B A PR 25 5 L e S5 ST .

Tyl-copia %I ESTs [Al Y ¢ 5 H 4 &M &R
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M | EST B4l b £ 1T BLASTN [ x5 Ty3-
gypsy B ESTs [RJRF 5 2 &M Ty3-gypsy
F G ST 51 (AJ295096, AJ295097) , JL & /N R
W R B A & P B H. wulgare ( CEREBA,
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(WHREL, ABO14747. DG EK . 44 4 H Al 3 42 2 %
SR A% IR T S e Me A2 J& EST ¥l g o [\ 4 i
FTB AR RS o X TR B A% 1Y i A e 42 28 S e s e
JEF EST J¥ 4, 1 e A& 5 LR EL )T
G R G Gk % — WXt L KB E R P A R T R
K5 Fh 5 ¥ 51 UG e 3 47 i 22 EST P 471 ok 5 (R
B B [ cDNA SCPE AR BT A ) AN TR B
A LRI 51 5 B I Si it 8~ R E T 91 5 A 235 4 B
(5 AL — B WA REIA W EAN R BT, X2
KR e EST Je vh T 5 [ 5 si 3 e MR 1 — A~
PR 23 o LU X T 4% 4% i 00 T A R 2 Y )
3 R P AE 26 B 3 SR DF 2 R B5E  Ak 35 =X 55 A )
M TR B HEE EST FEA) i BF 4, I B 6e f
B BN RELEFA) . HRE 15 WX £
HEFH . G EOH RS
XPHECGRER T IUA% K 1 o° K30 F0 Fisher 517
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MR L5 AT G840 M AN a WD 2R 1 3155 5 20 Bt
ZEHL i SPSS 19. 0 #1 EXCEL 2003 34047 i s,
n=40 HFrA K T=5 i}, 1] H

(A—T)
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n S A SRR R T B IE oC - i SR
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Moz J@ EST $d e b Llic 48 79 585 KR T 11
A~ cDNA SR SR s e+ 7 51 Wk 1, Horp
68. 2% W T Awvena barbata s 31. 8% i T Avena
sativa , TEJZ¥ ) BLASTN ¥ R &4 (E<e ™ H
45y KT 1000 F A 42 40, 05%) EST 4 i %
FMLT Tyl-copia B 55 T, 28 (0. 04%)
EST /78 8 F ML T Ty3-gypsy B 556 /% 1
X 2 B SR i si B e A S BN PR bR R B Y A
N 0.09%, 4 BLASTN KR &M E<<e
HAR53 KT 100 i, 28 Tyl-copia Fl Ty3-gypsy B
G S B R T B AE S ESTs JF 81 B 1 50 3R
0. 09 Y034 M5 0. 20 %6 , 3X P §4 55 16 1 19 | 7 S e
JAE - B A0 356 5 /N A2 T 41 TE 0 45 R AR L. 1 R
P S0 i 3 A T A5 A S5 B 9 LTR 3% ok 7% ik
T K OARE-1 (GenBank % 5% %5 . AB061327)""
(I D 254y e BE AR

IS ol 4
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Fig. 1 Structure of the LTR retrotransposon(A)and Tyl-copia-type retrotransposon OARE-1 in oat(B)
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2.1 AEKRSETHREREEFIMESH
X AN ) F A X O 38 5 0E W B S5 1) R
i 7 % (Awvena barbata) " #H 20 ¥ # ) cDNA 3
JE 2 28 G SR R T 1) EST 3 4 4 8K AT 4
T HT A B B B R (38D 25 /7 F 22 cDNA X
JEP s LTR 28 Tyl-copia B4 2 % 3¢ ¥ ) 1 3
R (E<e "HAH4KF 100 B H 0. 10%) & F K
AREE T CIE B B R 2% 1) i 2% cDNA 3L JE
Tyl-copia B % 5% 7% g ¥ Wi % (E<<e " H A% 7
KTF 100 B H0.07%); Ty3-gypsy Kl 2 ¥ 5t %%
JE TR AR AE SR B SRR (E<<e " HAR4F KT
100 Wf 0. 14 960) [ 4 ¥ T 1E % & 1F T /9 4 %

(E<e “H4 KT 100 WK 0.05%), H Wria
FAF T MR R E R AT 2.8 £, X2 Bh
A e S T R A T R 2 B, W aE R
1) S %% 53 I JOE 1 I 90 I 40036 (0. 24 %) 29 IE
0. 12%) F il 2 5 (E<e " HAR» KTF 100
), BB 38 J5 € 22 J& cDNA U Tyl-copia
Ty3-gypsy B 555 7 L I 8 M2 J& cDNA
SCHEERIIN T 1A (R 2. &y KK, i W
C e 25 18 8 i i 5 5% S 3 JE - (Tyl-copia Fl
Ty3-gypsy) W 2% & T RN AEBE) T
M) (P=0.043 2) , RUIERFEWN FMRESH T T —
0 I e 3 B e - R IR 5

R2 AEARMEATHRZEMARLS Tyl-copia ¥ Ty3-gypsy B R R ¥ T RIS E

Table 2 Frequency of Avena Tyl-copia and Ty3-gypsy-type retrotransposons in leaf

tissue under different rainfall

EST 441 S48 I TR KA MR o
411 Total
Frequency of EST High rainfall Ambient rainfall
ESTs 1% & 10 080 10 146 20 226
No. of ESTs
‘ 1(10) 2(7) 3(17)
Tyl-copia B EST ¥ E<<e “(E<<e ')
No. of significant hits to Tyl-copia
4(14) 3(5) 7(19)
Ty3-gypsy B EST i E<<e “(E<<e ')
No. of significant hits to Ty3-gypsy
S kG BEF ESTs SR E<<e “(E<<e ') 0. 05(0. 24) 0.05(0.12) 0.0500.18)

Frequency of ESTs significantly similar to any

retroelement at E<<e **(E<<e ')

2.2 AEAREHRES

RIAIR G S 53 M e - 3R R S L 43 S0 A TR
Prh CHZURU R I A Y cDNA SCEH Y Tyl-
copia Ml Ty3-gypsy B UHG 55 5% ) W S BCHE AT 58
T K. A, sativa TERF KB HIAR Hp Tyl-copia
M Ty3-gypsy B 5% 5 5 i+ Jp 5 09 50 5 Ny
179 % it Hpak 2 i 288 A ) iz B sk B e T A R Ry
0. 46 %6 , < 75 Ko 90 2 B B2 I ik Bt JE A 2 Fh 2 81
2 IR B B E K. X AL barbata FRFIH 1
I VET R ) R gt R B AR 0. 1600, 1ty
0.06% & ZMAEREES (KD, HHEL

R T Tyl-copia # Ty3-gypsy B i 5%
B T AR 1 3 BT U Ty 1-copia Fl Ty 3-gypsy Bl
S SR Bt JRE - R 3k 0l A B I B B D AR R (L 2D
MBI AR 2 %5 Tyl-copia Ml Ty3-gypsy B
MR E A S s R B, K ie R A
sativa B FE A. barbata W 2 FhZE B B4 I 58 5 5 R T
BTG Ak B 2 L A R W) T AL sativa B & B9 RR R
Ty l-copia Bk i ET R E LT Ty3-gypsy TR
T T 5% JBE T (Pry wors = 0. 002 97 ) A, barbata 4y BE
WA Ty 3-gypsy RS REEF R EZ T Tyl-
copia T [ S BT (Prryt o 1ys =0. 000 77 ) (38 3,
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Table 3

Comparison of the total frequency of retrotransposons in cDNA libraries from different

tissues and between the relative frequencies in the same tissues

o ESTs fi Fisher i Y HE &R
Fis KA I 41 A% B/ Y Fisher exact test
Name of Develop ) Tyl-copia Ty3-gypsy
) Tissue Number Total 26 4[]
species stage e Pyt ve Tys
of ESTs e Between tissues
Avena BRI D Ji] 2 520 33 12 1.79 0.002 9™
sativa Germination Root
period P=3.06E-6"
H 2 823 6 7 0. 46 1.000 0
(6-days-old)
Leaf
Avena 73 BE R 23 715 8 30 0.16 0.000 7
barbata Tillering Root
P=0.016 2~
- 10 301 1 5 0. 06 0.220 7
Leaf
P=0.147 9
i - 10 146 7 5 0.12 0.772 8
Booting Leaf

T % FORTE 0. 05 KFBEZER, e FRTE 0. 01 KFWBHEZET, BLASTN RN E<e 10,
Note: * Shows significantly different at 0. 05 level and %% Shows significantly different at 0. 01 level. BLASTN threshold=E<Ce !,

0257
. 0.207
020 mf(E<e)
2
g 015f
= 0.112 0.116
& 010}
= 005

0

BRIERSY Il FLEVSY

Watery Early milk Late milk

2 RERBEFEMFARLSHBARME
Fig. 2 Frequency of retrotransposons in seed

on different development stage

3 it it
3.1 7%&ZE Tyl-copia 1 Ty3-gypsy B jx ¥ 5% 4% B
FRIZEFESKSHENXR

Tyl-copia Ml Ty3-gypsy B 5656 JBE T 165
TG R T LTR B i e 5 5 83X Pl 28 AU 11
SR ST D T AR S R R A SRR 2 b, B 5 s AN 3
Ui 1 KoK G H T A . WEoE R B, K ES 4 19 A
Y LTR B 3 st e FE IE W AE KA N2 kfa
TG P VR A e s i F S (0 — S il 30 45 1 sl 3R 8
MRS BTG LTR R S i S i i J A6 76 5k,
TEH GBS RS 35 208 F F ok b iy BS1HY KR iy
Tos17%" BEFE N E A5 1) MEREL™ % a8 4% 14

TEREE T M MCIRE™ | £ 2K P [l ZmMI1H
FF g Tesl F Tes2P', JAHp 38 2544 F L/ I+ o
i) ONSENS*!, ZU AR 38 T /N2 19 Morgane™ il
Trdla™" KR4 900E i & A 5% % . 22 i OARE-1
X EL T BG5BT R A K A R W 38 5
JERET BR300 O B S R 1 401 A e 2 A
HABAE Y rh i R WARE o ASAIF S8 0T 55 e T 0 AR
T CUE 8 R TR D 2541 T M 22 i b i A e Sy 0% 1 1) e
SR TR AT BE T O3 B s Rk BRK S T 3E ] 5
— S J7 Bl S VAR I e SRS M T SRR AR
A 5 R AR T A5 F T A MR 25 S i 3 (P =
0.042 3), MR T 1 538 26 11 N (e 22 S e sk e
JE T s D0 R T RO AH O Y EST K4 it ¥
5iit,
3.2 #& 3 Tyl-copia 1 Ty3-gypsy B | % 5 ¥
F R MR IE

BB IR B F T AR BENERK KT
BBz, Tyl-copia M Ty3-gypsy B4 5 56 e 13k
RWFERE R AR M, Tael HAEMR PR, H
3k K AR AL i Ttol, Tos10 Fl Tos17 W) LE &
A1 ) T A 2R 40 23k 7T 00 Ko e 22 17 & 10 11 AR R
M EST FEHp By Tyl-copia 1 Ty3-gypsy B 7 ¥4 5%
B JE B AT Gt R A E R W R B Tyl-copia
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M Ty3-gypsy B sk i g 1 A 433k 1 R e
R Tyl-copia Ml Ty3-gypsy B 5% 5% i+ &
PR (1. 79%) B & K F of o Tyl-copia F1 Ty3-
gypsy T I S I A R (0. 46 04) , 25 5 ik #
e S 3 K P 4 BE W AR Rk b Tyl-copia il
Ty3-gypsy B 55 - B 46 22 Sl 3h 3] ) 3
Ko g PR AT RE 5 AR AT Ak B8 5 A i Ol A 2
TR AR TE 2 A K, BT AL SRR
5h.Tyl-copia Fl Ty3-gypsy B SHE s e JE 1 32 0K
W ELA K B B[R] A4 S S ko e S AR Ok I
T Tyl-copia M Ty3-gypsy B % 5% 5
BB 93 BT & B Tyl-copia 1 Ty3-gypsy B[
SK Bl E - 2% 3k HL U W 0 B[R] R 5 X Tyl-copia Fi
Ty3-gypsy B S BT 1 6 A SR EA T 48 1y
BrJa & B, 8 R AR T Tyl-copia B % 53¢ 5% i
TREZT Ty3-gypsy B s 7 e+, 4y BEWT Y
R Ty3-gypsy B 5% k5% B+ 0 % £ T Tyl-
copia B FHG S P 7 3 B8 4 AE R OK bl R RE
TETE e 56 1 PREM-2 335 HU7E # 1 FL ) af
DAKG I 30T R ARHE Y 43 BE ) 1) 3 K AR R
A ST A PR A S5 A4, 3k B 309 A AR AR 388 3 Bh HE
B, W NARAFEY) MR R Kk EAPT S 5 BE
WIAR & B AH G Ik PR 3R 3K 08 BK T L PN U 3 R S5 AR
A, AW o BEM AR P Ty3-gypsy
T S Bt Sy B A - W 3 22 T A A 2H L R Al
Wy R TAESBEW Ty3-gypsy B IL Tyl-copia
R A] R T 22 A AR R AR K i R AR B 0
PE K K -, 3338 B B 1 ok LTR B Rz % 5f 55
T Tyl-copia BIM Ty3-gypsy B 555 e 1 1
OIS AL A AR R 5 1 SRR S MR AN S R IR A%
FFRIMAER. SHELFRTEA L, M LgR
TR EAM TR E Tyl-copia Ml Ty3-gypsy B
e SR T R ML S S
3.3 Y LTIR EREREREFHRTE

LTR 2 ity 5i it JoE - 7F — 28 R I R 2 AR 9 vh
JUTG T ALY 80 % . B A1 76 #l 4 JE H 41 & 90
PR AN R R Tk VA 45 ol 3 E A AE S i e
A SR PE R LTR 28 S e st itz )i SR F 9% 1
. LTR R S5t 7 BARTE 450 L AEAEAR K
(0 5 B pEDS 1 B RT A RH 25 M W 1278 — 8 1Y
PRSPV B R O SF 3 903 1 39 5 4 T 52 3 XF
LTR 28 i % 5% f e 1) 5 B, R G 7 36 28 MUK
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