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ty3-gypsy ;
, neighbor-joining

Clustal W

. Amphime-
don queenslandica (XP-003390581.1), Xiphophorus
maculates (AF193865.), Saccoglossus kowalevskii
(XP002732475.1), Azumapecten farreri (ABM90392),
Mizuhopecten yessoensis (ABM90393), Oreochromis
niloticus (XP_003460117), Xenopus tropicalis
(XP_002935079.2), Danio rerio (AF503912), Can-
didatus entotheonella (ETW98900), Clonorchis
sinensis (GAA49140)

1.4 JRE
PCR  JRE
, PCR
PCR 1% ,
PCR ,
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, F1: 5'-AGAGCCTTGTTCAGTTATCG-3', F2:
5'-CCAGTCAGGGTGT ATTTTGTC-3’
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Premix Ex Tag 12.5 pL, 0.5 uL, DNA 2 uL,
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5 JRE
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cDNA, : oligo dT 1 pL. MMLV

0.5 pL, dNTP 1 uL, 4 pL, RNase In-
hibitor 1 pL, 20 uL, 42°C l1h |,
, DNA

RT JRC1: 5'-GAA

GTTTTGGAAATGGGGGAG-3', JRC2: 5'-GTAAT
AGGGGGTACATGGGGC-3'

, Actin-F: 5'-GTCAAGT
CCGTTGAGATGCACC-3" Actin-R: 5-GGATG
ATGACCTGAGCATTGAAGC-3', JRE

f-actin
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JRE
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, JRE

1.6 (FISH)
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1.6.1 -80°C ,
60°C 2 h 37°C ;
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1 h; 2xSSC ,
100% , ;
(0.01%, 0.01 mol/LHC1 ),37°C,
10 min; PBS  PBS (50 mmol/L MgCl,)
, PBS (50 mmol/L MgCl, 1% )
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), 37C,
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>

1.6.2 ,
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,377C,
1.6.3
2xSSC (50% ) 2xSSC ,45°C,
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AP (Roche ), 37C
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60 min, Washing buffer =~ Detection buffer (Roche TG. . .CA JRE
) 3, 5 min; HNPP/ ATCTT LTR
Fast Red TR Mix, 20°C 30 min, 2 TGT ACA ,
, Washing buffer (Roche ) LRT , 203 bp
1, 10 min; DDW 10 min , AAAGGAGGTAAP, 5 LRT
20 uL DAPI (0.02 mg/mL) , ser-tRNA 3’ PBS
JRE RT RH IN
1.6.4 R Clustal W
, Olympus BX51 2, JRE
, Applied Spectral Imaging FISH view 5.5 (Mizuhopecten yessoensis)
(Applied Spectral Imaging, Inc, USA) 40.7% JRE gag RT IN
SenSysCCD
1.7 2628 gag ,
SPSS 15.0 , CXoCX,HX4C  CX,CX3HX,CP
(ANOVA), P<0.05 RNA PR
DTG LLG (30311
2 RT
2.1 6 , IN
: 4 : HHCC B2,
: DDy;E - P
, BLASTX GenBank 2.2
Staden Package 1.6 BLAST JRE ,
JRE LTR RT (Azum-
¢ 1, gag pol apecten farreri) (Amphimedon queen-
pol PR-RT- slandice) (Xiphophorus maculates)RT
RH-IN, ty3-gypsy 241 JRE 40.7% 40.0% 32.8%
5126 bp , 470 bp 5’ 30.1%, ,
LTR, 4203 bp ORF 453 bp 3" LTR ORF
1401 ,5 LTR 3 LTR 2 JRE Ty3/gypsy
> TG LTR CA [pps| gagpol (PR-RT-RH-IN) e LTR CA
1 JRE
;2 (TG...CA); gag, ; pol, ; PR, ;
RT, ; RH, RNase H; IN, ; PBS, PPT ;
(ATCTT).
Fig. 1 Schematic representations of JRE elements

Open reading frames (ORF) are boxed; two triangles in LTR boxes showed inverted repeats (TG...CA) at the end of LTR. gag,
group-specific antigen; pol, polyprotein; PR, protease; RT, reverse transcriptase; RH, RNase H; IN, inegrase; 5’ bp (ATCTT) target
site direct duplication region (TSD) caused by retrotransposition is indicated by black triangle.
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JRE MAMTFGKVVA-DLSQGETWC————— GEHTVATTANIGGAGTKRATRAILLCASVTCCGA 53
Mizuhopecten MTSTFGKIDAFDDSQGETWEHY TERLGQYFVANGIGNEEPGDKEKRRAILLS —————— V 53
JULE MAMHVGRVVQYDESK-EYFESYLERLEQWMLANDVP————— DEKVVCTFLS——— V 46
Oreochromis MAMHVGRVEEYNESK-EDFESYLERLEQWMLANNVS—————— DEKKVCTFLS——————— V 46
ko ko Dokr %k 2 .. .k
JRE TGCKVYKCTCLMSCGATTGCCATCAGCETACCGDLSATCTPTKPACGSEKTYTTCEDLVV 113
Mizuhopecten CGAKVYK—-LMS DLSAPTKP—————— SEKTY-—EDLVV 81
JULE IGADTYG——LLK NLVSPKVP STMEY AAL 72
Oreochromis IGADTYR—-LLK NLVSPRVP STMGY AAL 72
* .0k *:. O * ok
JRE TGGTVKTGCTEHSATARPKPSACEIVTAATQRTAYKFHNRFRKTGESVSQFIAALRNLSE 172
Mizuhopecten L VKEHSA-———PKP SEIVQR—— YKFHNRFRKTGESVSQF TAALRNLSE 123
JULE T AALQAHYKLTP—————- VVIAER--FRFQKRNQKEEEPVSDYVVALRQLSA 116
Oreochromis T— AALSAQYKPTP————— VVIAER-—FRFQKRNQKEGEAVSDYVVALRQLSA 116
.k Lk LR DRIk ko sk okek o sk ek
JRE HONFT————— TTTGCTGTLEACTMIRDRACTLVCG 203
Mizuhopecten HCNFGGTLETMIRDRLVCGINEDRIQRRLLSERELTFTKSYETATSMETAAKNVIDLQQD 183
JULE TCNFGQYLDEALRDRFVSGLHSDAAQRKLLAEKDLTFSHACETAVNMELASKNTMEFSGH 176
Oreochromis TCDFGQYLDEALRDRFVSGLRSDAVQRKLLSEKDLTFPRACETAVSMELASKNTMEFSGR 176
k¥ .k [
c ¢
JRE —TAGINEAATTDRTCGIQQRPKSQQQTQGHR————— APDNQGNLQKPCFRCGGK 251
Mizuhopecten TTPAGAGKIHKVSQPKRGQQRPKSQQQTQGHRA——————— QAPDNQGNLQKPCFRCGGK 235
JULE HDPHQVNALTNVPME SKRGWKGQHSKEGQNSKEEKHQIKSWMGSKKDTATRQPCYRCGGK 236
Oreochromis QDPHHVNALSNAPNFSNKGWRGQNRQEGNNKP—————— KNRKGPKKDTGVKQPCYRCGGK 230
..... s vkok s skokkokok
H C Cc C H C
JRE HKPQNCKFKDSECFYCRKKGHI TEKCLTRLAECKGGRVGACCTHSSDCTGRKKTCQNKTT 311
Mizuhopecten HKPQNCKFKDSECFYCRKKGHI IEKCLTRLAECKGGRV———THSSD——RKK—QNK— 284
JULE HSARDCRFRNEQCHVCAKIGHIARACRN KKSRQQTQY 273
Oreochromis HSARECKFKSEKCHVCAKIGHTARACRN KKFSQQTQY 267
koovckpkr ook ok ok ockk | k| *kooxo,
JRE VNALGAEGREVDDATCCGTDDIYPCCTCMFRVSTASSNKTGAEPYTVAATLSVGTATNGI 371
Mizuhopecten VNAL———EEVDD————— DDIYP——-MFRVS—SSNK———EPYTVTLSV—————- NGI 319
JULE VETDIEASNRNDEAELFG VYSVYSVASSE——KGYTLDVLLG 312
Oreochromis LETEDECSSRNDEAELFG—————————— VYSMYSITSSE-—KGYTVDVALG———————— 306
.ok HE K T ookk:
I&}
JRE PLQCGMEIDTGASKTVVCTTCGEPCTAFERKCTTDKVTTCETLKPTCTCSNGAGKKPTTY 431
Mizuhopecten PLQMEIDTGASKTVVG EP——AFERLTKCDKVT LKP SNTKLKTY 360

( 2 Fig. 2 to be continued)
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( 2 Fig. 2 continued)

Jule DKNTTMLLDTGSAVSVIS———————— DKYYQSHLTQFP—IKPVG————— LKLKSY 353
Oreochromis NKNTTMLLDTGSAVSVVS—————————— DKYYQMHLTHFP—IKPASG————— LKLKSY 348
* ovkkkrr ik - - TRk * Lok
LLG
JRE TGTAEMVAPVLGRCGFEVPVNYGAACKFDVLQAVTAAVKDNPCLLGRDWLCQHILDWNFA 491
Mizuhopecten TG——-EMVPVLGR——FEVPVNYG———KFDGVLQAEVVKGDNPCLLGRDWLQHIQLDWNEI 412
JULE SG——— QSTAVRGCIVVPVQYE——TQKSILPLITVQGNRPSLIGRNWLKKLQLNWKQI 405
Oreochromis SG—— QHIAVRGCIMLPVQYG——-TQNITLPLIVVQGDRPAL IGRNWLKKLQLNWKQI 400
UK N .. Lo nokokowekkk L kok
JRE GS ATSAGHDDIIDE - SKHPSVFEPGLGKVRGTKAKIYVDPQEKPLYFKARPT A 543
Mizuhopecten FS ISHDSDNSIIDEIVSKHPSVFEPGLGKVRGTKAKIYVDPQEKPLYFKARPTPYA 468
JULE FTVHKVLVQKDAKPGLQKVILRHQAVFSDDQGCIKGFKARIRIKPNTAPVFCKARPVPYA 465
Oreochromis FTVIKVLVQKEAKPGVLEVIQRIQAVIF'SDDQGCTIKGFKARTHTKPNTTPIFCKARPVPYA 460

Skokk, ok opok ookkgk | kr sk okekkk, ok

Domain | Domain 11
JRE LR——-EHELDTGCCAAAISP FFSATVTGTTSDK—RIG——KVTVSKL 582
Mizuhopecten LRDKIEHELDRLVAEGTISPVEFSEWATPIVPTVKSDKSIRICGDYKVTVNKVSKLDNYP 528
JULE LKEAVEKELDRLEKMKV ISKVEKSEWASP IVTVPKTDKTIRICGDYKVSINQCIEEKHYP 525
Oreochromis LKEAVEKELDRLEKVKVISKVEKSEWASPIVTVPKADKTIRICGDYKVSVNQCVEEERYP 520
*k: ) skekk . Rk ok ok skk k0,0
Domain 111 Domain IV
JRE IPK——— VLATGSKLS———————, AQELDDSK———-TTITHKGYRLY—————— VASP 617
Mizuhopecten IPKTEVLYATLGGGTDYSKLDLSQAYQQLELDDSLKPYTT INTHKGLEVYNRLPYGVASA 588
JULE LPNAEDLFATLEGGTSFSKLDLSHAYQQLELDEESEKYLVINTHKGLYKYSRLSYGVSSA 585
Oreochromis LPNTEDLFATLAGGTSFSKLDLSHAYQQLQLDEESEKYLV INTHKGLYKYNRLSYGVSSA 580
Tk ko ok % skok . kkkk Xk k1%,
Domain V Domain VI
JRE G—FQR——TLLQGP————— QVVDDLVTG—RRQ———-LNEVLNRLDKAGVKLKKDKCEF 661
Mizuhopecten PGIFQRTMENLLQGIPQVIVRVDDILVTGKNRRQHLENLEAVLNRLDKAGVKLKRSKCYF 648
JULE PATFQSVMDQTLQGMDHVTCFLDDTLTTASSEKXHLQRLEEVLTRLEKHGLRVKLAKCRF 645
Oreochromis PALFQSVMDHMLHGLEDLTCFLDDTLTTASSEKEHLKRLEEVLTRLEKHGVRVKLSKCHF 640
ok Tkk Dok okok L k1 okk, kkok koook Rk ok
Domain VII
JRE MEKEVIFLGHKVDATGIHPVPEKVQAVQNAPRPTSVTELKAYLGLLNFYNRFLPNLSTLL 721
Mizuhopecten LRKEVEYLGHRINSEGMQPTEGKVMATKDAPAPTNVKELQALLGMLNYYSCYLPRLSTTL 708
JULE LQSSVEYLGHRIDKDGLHPMEEKVAATTKAPEPTNVTELKSFLGLLNYYSRFLNNPSTIL 705
Oreochromis LQSSVEYLGHRIDGDGLHPLEEKVAATANAPEPTNVTELKSFLGLLNYYSRFLENPSTIL 700
Touuck skelekrnr o skroskr ek skr ek sk ockosekr o okekoskekok, ik L sk %
DAS
JRE APLHQLLKKEVPWCWKEEQEEVFKKSKELLQSNWVLIHYDERKELVLSCDASAYGVGAVL 781
Mizuhopecten APLYALLGKDVEWKWDKAEDEAFREAKDMLQSDTLLVHYDPDKELVLSCDASPYGLGAVL 768
JULE QPLHNLLRKDETWIWTTACTQAFEDAKRLLLQNKVLVHYSTRLPLKLACDASPYGVGAVI 765
Oreochromis QPLHNLLRKDAKWIWTMECAKAFKDAKTLLLONKVLVHYSTNLPLKLACDASPYGVGAVI 760

( to be continued)
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Kk kk k: ok ok suk, Lk otk | skckek, kokokekekek | kek s skekek

AHRMADGTERPIGFVSRTLTVAEKNYSQLEKEGLAVVFGVKKFHKYLYGRKEVICTDHKP
SHVMLDGRERPTAYVSRTLAPAEKNYSQLDKEGAALILGVRKFHQYLFGQKFVVYTDHKP
SHILENGEERPVAFASRTLTDAERKYAQIEKEALA I IFGVKKFHKYLYGRKFTLVTDHKP
SHVMENGEERPVAFASRTLTEAERKYAQIEKEALATIFGVKKFHKYLYGRKFTLITDHKP

koo sk ockekskr | oo ckekekekr skekr osckisk: osskek, sk:ooosskek:skekekisksk:skickek ;o skekekskek

LLTLLNELKAVPQMVSQRIMRWALMLGAYEYVISYRAGKDNGNADALSRLPVPETPE-KE
LLGLFKADRATPSMASARIQRWGLLLATYEYDLRYRPGTKNSNADGLSRLALSETVVNIP
LLTILGPKSAVPTLAALRMQRWALILMAYNYDIEYRRSADHANVDALSRLPWNSPDN—-T
LLATLGPKSAVPTLAALRMQRWALILMAYNYDIEYRRSAEHANADALSRLPRNTPDN—-T

bt keko oo, r ke oskek skosk ookekoo oksk ok k) skekekek,

AKEDYVLMFDSTTSPLTTSEQITKHWTTRDLVLSRVREYVLKGWPNCVQFETSKPYFIRSD
LPGETLLLLEHLDTTPVTFMQIQEWTAKDPVL1QVLAHVQDGWNKCGSEET-KPYFNRKA
AEEGSIFYFSHVEELPILAKDIEKATMKDPLLSRVWSYTMNGWPTYVQDETLKPYFIRRQ
AEEGSIFYFSHVEELPIVAKDIERATMKDPILSKVWSY TMNGWPSYMQDESLKPYFTRRH

ko, ok ik ok ok . k% .k ckkskk ok

ELSAEQDFVLWGARIIIPEQGRAGLLEQLHQSgéGMSRMKGLARSYLWWPKLDADIEARV
ELSCHEDVLLHGNRVVVPKPGRAKLLEFLHEGHPGIVRMKALARSHVWWPGIDSDIQDKV
ELSAEQGCVLWGQRVITPPSYRQKVLKDLHHEHPGICRMKALARSYLWWPGCDGDIQELV
ELSAEQGCVLWGQRVIIPPVYQQKVLEDLHHEHPGICRMKALARSYLWWPGCDGDIQELV
kkk, o, ok ok ok:i:ok : ke skk, o skekek: o skeksk| ckekekeksoscksksk k| cksk: ok
_c c D

TNCTVCQEQRKAPVGAPLHLWEWPRQPWRRVHMDYAGPFLGKMFLILVDAHSKWIEAYPI
QACTECQLQRPVPPVAPLHSWDWPDRPWSRIHVDYAGPFLGQMFLVVVDSYSKWLEVVPT
QSCQICQAVQKLPAVAPLHPWKWPDRAWQRITHIDFAEKDK-HYFLVVIGSHSKWLEVFPM
QSCPVCQAVQKSPPVAPLHPWKWPERVWQRIHIDFAEKGK—QYFLVVIDSHSKWLEVFPT

2 Fig. 2 continued)
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ko osk: skr o kek sk sskosk: sskekskek [ ko kekk sk, L. ookek: ook

E
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k kkkok: ik skk .. : M

(

1140
1127
1122
1117

1199
1162
1162
1157

to be continued)



ty3-gypsy 291

( 2 Fig. 2 continued)

JRE STFPPQTTGLSPAELKNDFVAMWKLDLAVDKFPDDVRERVCERQMFQKDEHDF-KDCVRV 1258
Mizuhopecten RSTPQTTTGLSPAELLFNRKLRTKLDLVKP-——-DVRERVVKRQQTQKNYHDS-RAKERV 1217
JULE RSTPHTVTGCTPAELFLKRQTRTRFSLLKP-——-ELAQHTKQGQFKQKQHHDE-SSTLRV 1217
Oreochromis RSTPHTVTGRTPAELFLKRQIRTRFSLLKP——ELSRHIEQKQSEQKRQHDCRTQPVHV 1213
Dok kk skkkk DLk Trooit ook ok ek Tk
JRE FCEGEQFFVKNFYSG-PKWKSGE TVSKTSPVSYTVEGQNGVRARRHVDHADFEAPTNPEA 1317
Mizuhopecten FAEGDQVFVKNFYSG-PKWKSGEIVSKTSPVSYTVEGQNGVRARRHVDHIRQRHCLAVAE 1276
JULE FSEGETVRVRNFRGGFVKWTCGTVLKKLGSVTYRIQDGQRTRT-THVDHMLPWKQDVEKS 1276
Oreochromis FSEGDAVRIRNFRGGETKWTHGTVLKKMGSVTYLIREGQRTRT-THVDHLLQWRQTVEKP 1272
kokkr orokek ok ek okoprock | ckikor. 0 ok ckkekek
JRE PDNFAKFIESDAVPTSFKSPMYGPMFLILVDKDSHIVESDDTNSSSTAPPFGSSPKQTKQ 1377
Mizuhopecten PNTHQETFESDAHP————————————— VITAVSDVVTNSKDSSPSVGEKEGSSPKQTKQ 1322
JULE PVMSSQVLVEEPEE—IRDCVVPGSLRTG—-LTASPLPAESPGQTTEEPSVSRPKTTQS 1331
Oreochromis PVMFSLVPEGRPEV——IMDGVVPETPPSPPGILTSHPSPPEPPKQTTDEPPVSIPETTQS 1330
* — : . .. * k: ok,
JRE SMFGKEDSA1PQRPDSPDKFEEPL 1401
Mizuhopecten SSVVP-—VVGPQRVKTTPAYLKDYVTQK- 1348
JULE PSAEG—— RYPVRIRVPPKETESLKMYKV 1357
Oreochromis PSVTR-——RYPERRRVPPK-RLNL 1350
* %
2 ty3-gypsy

*

Fig. 2 Alignment of protein sequences of JRE and JULE element
Conserved motifs and domains are overlined; identical residues are marked by *.

, Clustal X (Neighbor Joining, N-J) ( )
MEGA 4.0 , JRE

KEEMERF 2 Amphimedon queenslandica
E LS B 4 Xiphophorus maculates
B W Sccoglossus kowalevskii

[ FEFLER U Azumapecten farreri

WF BR D Mizuhopecten yessoensis
Je F B k44 Oreochromis niloticus
—': T ITWE Xenopus tropicalis
B 5t Danio rerio
@@@Cyprinus carpio var. jian

W3 TR Candidatus entotheonella
#8637 521 W Clonorchis sinensis

468.8

T T T T T T T T T 1
450 400 350 300 250 200 150 100 50 0

% B2 B Winucleotide substitution (x100)

3 ty3-gypsy
Fig. 3 Phylogenetic tree of ty3-gypsy retransposons from various species
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p-actin (Y=-3.45X+30.08, R=
0.9991) JRE
PCR R DNA
JRE 124, DNA
1700 MbP*Y, JRE
5.2 kb, JRE
0.04%
24 JRE
5 JRE
A ,B
RNA > 4 Fig. 5 Location of JRE in chromosome
JRE A: chromosomal localization of the positive probe; B: FISH as
’ a negative control.
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25 ¢ R LTR
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igE 20T , gag pol
3 35-36
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2.5 JRE
JRE RT DNA JULE
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, JRE ¢ ,
LTR ,
, LTR
LTR , TG CA ,
LTR TGT ACA LTR ,

8 ORF ,
ty3-gypsy ’ ’ ’
CCHC , ,

RNA JRE ,
LTR 203 poly A AATAAAA
JRE LTR
PBS (primer binding sites), volff 1% ,
tRNA , )
Ser-tRNA 3’ JRE ,
[2,43] ,
, y3-gypsy
, , 1y3-gypsy ) (
18%~35%"" ) (441
JRE 124, 0.04%, ,
, JRE , ,
; mRNA , LTR ;
, , JULE
’ [40] ’ ’ ,
, JRE
’ S T -
, Takahashi 41]
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Isolation and analysis of a #y3-gypsy retrotransposon from the genome
of Cyprinus carpio var. jian

DING Weidong, CAO Liping, CAO Zheming, BING Xuwen

Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture; Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: Transposable elements are major constituents of eukaryote genomes and have a significant effect on genome
structure and stability. They also contribute to the genetic diversity and evolution of organisms. Knowledge of their
distribution among several genomes is an essential condition to study their dynamics and to better understand their role
in species evolution. Long terminal repeat (LTR)-retrotransposons have been reported in diverse eukaryote species,
indicating a ubiquitous distribution. Among retrotransposons, the transposable element (TE) class, which are specific to
eukaryotes, transpose via an RNA intermediate. Based on their structure, LTR-retrotransposons have been divided into
two classes: ty3-gypsy and tyl-copia. In previous research, we found a ty3-gypsy-like retrotransposon, named JRE, in
the genome of Jian carp, Cyprinus carpio var. jian. To investigate the function of JRE in the genome of Jian carp, PCR
amplification, fluorescence quantitative PCR and fluorescent in situ hybridization were used to explore the structure and
characteristics of JRE retrotransposon. Multiple alignments of DNA and protein sequences were constructed using
MEGA 5.0 software and were manually curated using BioEdit. Pairwise distances were estimated using the option
pairwise deletion of gaps in MEGAS.0. The full-length JRE retrotransposon is 5126 bp, which includes two LTRs of
470 bp at the 5’ end and 453 bp at the 3’ end, and two open reading frames (ORFs) between them. One ORF of 4203 bp
encodes the group-specific antigen (GAG) and polyprotein (POL). The pol gene has a typical Ty3/gypsy retrotranspo-
son structure, and the gene order is protease, reverse transcriptase, RNase H, and integrase (PR-RT-RH-IN). A phy-
logenetic analysis of the pol gene showed that it has similarities of 40.7%, 40%, 32.8%, and 30.1% to retrotransposons
of the Yesso scallop, Farrer’s scallop, a Great Barrier Reef sponge, and the spot swordtail fish, respectively. Therefore,
JRE might belong to the JULE retrotransposon family. The copy number of the JRE retrotransposon in the genome of
the Jian carp is 124, as determined by real-time quantitative PCR. The mRNA of the JRE retrotransposon is expressed
in five Jian carp tissues: the liver, kidney, blood, muscle, and gonad, and is slightly higher in the kidney and liver than
in the other tissues. Fluorescent in situ hybridization shown that JRE is randomly distributed in Jian carp chromosomes
and no regular patterns were found. In conclusion, the complete structure of a retrotransposon found in a previous study
was determined. Detailed analyses indicated that it has the typical structure of an LTR retrotransposon. Phylogenetic
analysis showed that it is highly similar to JULE transposons. Its copy number in the Jian carp is not high, suggesting
that its transcriptional activity is low. These findings extend our knowledge of the structure and features of the Jian carp
genome, and might provide a new method of transgenic fish production.
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