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BINE Tyl-copia KEFEEFSEREFINEE
B
T, £BE, JIF, WAL, KFE, KR

(BRRWKFEEZ R, EYRESMHRAFEREALRE, Mat 210095)

8§ E: B Tyl-copio ZB 5T HFE BB TXEUEIFGY, B PCRY N, NENEFE
FER# /N (Cucumis hystrix Chakr, ) FUFRIEEE N ( Cucumis sativus L. ) FHEP I 260 bp £ AW BHER&H
Y=Yl 7B T pGEM-T Easy SRR, EFMAM TR, BAEMEK PCREE, REHTHF T
Floarth, KB T 21 £RETRRE/NAE BN 2T, BdRTREES NS MFB ., XEEH
BITFIEARRH TR, TERAABRRRT, FHRKEDLZLEE D 255 ~272 bp, RBEEHEE N
27.0% ~98. 1% . WiFNERERG, F4 FFFILARIEFETFRE, 6 ZFFRABBERE, KX
W RN EERTY 5 CERMAF YRR — B RN EER T BT RE S, RPENTT6R
HIFAER,

KT FIK; Tyl-copia BWEEHET; WF 78, FAH

hESHES. S642.2 TEIRISRE: A XEHES. 0513-353X (2008) 08-1147-08

The Cloning and Analysis of Reverse Transcriptase of Tyl-copia-like Retro-
transposons in Cucumis

JIANG Biao, LOU Qun-feng, DIAO Wei-ping, CHEN Long-zheng, ZHANG Wan-ping, and CHEN Jin-
feng”

( College of Horticulture, Nanjing Agricultural University, State Key Laboratory of Crop Genetics and Germplasm Enhancement,
Nanjing 210095, China)

Abstract: Using degenerate oligoncleotide primers corresponding to conserved domains of the Tyl -copia
retrantranspon reverse transcriptase, a fragment of 260 bp was amplified by PCR from Cucumis hystrix and C.
sativus. The amplicons were cloned into pGEM-T Easy vector after purification, positive clones selected and
identified by colony PCR, then sequenced and analyzed. Twenty-one different sequences of reverse tran-
scriptase from Cucumis hystrix and C. sativus ‘ Beijing Jietou’ were obtained, and five families were distin-
guished after cluster and alignment analyses of their nucleotide sequences. These sequences showed high
heterogeneity mainly characterized by deletion mutation. The length of the nucleotide sequences varied from
255 t0 272 bp, and homology ranged from 27.0% to 98. 1% . When translated into amino acids, four se-
quences presented stop codon mutation, and six sequences presented frameshift mutation. The amino cluster
and alignment analyses of these sequences with other reverse transcriptase sequences from other accessions
showed that they may have the same origin.
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WFEHEF (retrotransposon) EHEGAYTHEEE . HARS WFEERT, HEKKFET X
FHBMEYZER AN ERHR IS, B G DNA B8%—F LI L (Kumar & Bennetzen, 1999),
BRYFMER P REEFES SREHEAN 70% ~85% (Bevan et al. , 1998), fEEE/NE
HhEEE X 90% UL L (Flavell, 1986) , B PR FEERAPNWEEMAL, HIFFIMRE ST
RN FRYERAAR . #5ERNRARERRAIAFEENE L,

W FRIE KRG EE R F (long terminal repeat, LTR) FIEA b B 500 i 56 )88
F (non-long terminal repeat, non-LTR) (Kumar, 1996; Grandbastien, 1998), LTR X A 434 Tyl-co-
pia 251 Ty3-gypsy 2% (Voytas et al. , 1992; Suoniemi et al. , 1998), HH Tyl-copia KIEMYI R 12
O, EMRBEEZH—Z (Flavell et al. , 1992),

ZSETEEM EEEY PR T EFRMEMAR (Pearce et al. , 1996; Rogers &
Pauls, 2000; Alix et al. , 2005) , HRi#E /B X TS EFRIMFRRD . EERERERBT Tyl-
copia KW HEFH) LTR XJF5, JHFRE TEHINBET Tyl-copia-LTR ) SSAP $RCRSE (Lou & Chen,
2007) . A RXREHFHEFREEREENIRSS, B REETFH MR LAGE, M REFIINH
TRERBRAM R EFREEEARRIEER X,

YE# LA Tyl -copia Z5i8i 5% RBEMIIR T T 5 R ITHRI 514, SRAI PCR 5 B: 17 BN R AE Y30 5% SR B
PR B ke, BIRNENBHYEFE A DNA B 5 T Tyl-copia Zish B 7304 Wi ik RS ¥
5, BT HAERE S

1 MRS
L1 RAEHER

HEATHINBFH 6 M. — M AEINBEHEEMN—E N (Cucumis hystrix Chakr. ,
2n=24), SFFENNRCEM, RETZEBEIERN (Chen et al. , 1997), HES MEARITE
JX (Cucumis savivus L. ) , FHH bk’ b BAR ML B2 Be ik 32 16 77 B 25 B R BB BT 5% R R 3L,
SZALKEFLZNBLRE; "KEHBEN WTFHERLA2EREMRT, EALRELZREXMR
s RE . CBRE M B SFWAMENREMTFAF.

1.2 DNA REUR ¥ REGY 1%

HRKRES S R EE, BARFAH I, KA CTAB & (Murray & Thompson, 1980) #2HEUE:
K2 DNA, Fi| FBERE S A e Tk FVR AL 2 5 . 0 984T DNA WREE R E | .

ZBESCHR (Kumar et al. , 1997) &i{ifs g F RS 5 %8519, L5198 5 -ACNGCNTTPy-
PyINCAPYGG-3'; T84 % 5'-APuCATPuTCPuTCNACPuTA-3', I N=A+T+C+G, Py=A +G,
Pu=T+C,

PCR L& % % : DNA 20 ng, 0.2 mmol - L™' dNTPs, 2.0 pL 10 x Buffer (& MgCL,), 1 Uy
Tag DNA B5E8 (M8 TaKaRa AR]), JXWFEKZE 20 uL,

PHRBFEN: 94 C 1 min; 94 € 1 min, 45 C 1 min, 72 C 1 min, 40 MEH; BJS 72 CIHEMH T
min; %/~ PCR % i #E PTC-100™PCR % 520
1.3 PCR =##yEI., RERFEL

A 1% BERRRE BB RN PCR =47, FEMBER: b R BN bRt ik BRhAIRIA PCR &5
741, Fi Bio Spin & RIS & FIH

Bl Y Z Mk G % T pGEM-T Easy #ifk (Promega) I, ¥k XIHFFH DHSa B2 AS4H,
37 CHEFF 16 ~20 h J5, IEEBEME, PREREQBTRE, A4 100 mg - LT @ FHFE R LB Wik
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®1 BRPSEEREBSFIIEE

Table 1 Base composition of reverse transcriptase in cucumber

#3115 Sequence No. K/ bp Size AT/GC %5 GenBank number
chrtl 266 1. 66 EU162101
chrt2 260 1.43 EU162102
chrt3 255 1.63 EU162103
chrt4 263 1.35 EU162104
chrt5 272 1.62 EU162105
chrt6 261 1.51 EU162106
csrtl 258 1.69 EU162109
csrt2 265 1.76 EU162110
csrt3 263 1.44 EU162111
csrt4 263 1.33 EU162112
csrtS 266 1. 80 EU162113
csrtb 257 1.02 EU162114
csrt7 264 1.72 EU162115
csrt8 263 1.59 EUlI62116
csrt9 264 1.72 EU162117
csrt10 264 1. 69 EU162118
csrtll 263 1.33 EU162119
csrtl2 263 1.46 EU162120
csrtl3 263 1.29 EU162121
csrtl4 266 1.83 EU162122
csrtl5 266 1.83 EU162124

x2 ANPREIBYFIERBSE (ETF) MAEFEE (A.LH)
Table 2 The divergence { below the diagonal) and percent identity ( above the diagonal )

of reverse trancriptase in cucumber

chrtl chrt2 chrt3 chrt4 chrt5 chrt6 csrtl csn2  csrt3  csrtd  csrtS  csrt6  csrt7 - csrt8  csrt9  csrtlOcsrtl ] esrtl2 esrtl3 esrtl4 csrtlS

1t 41.3 34.0 48.9 33.8 37.6 56.9 87.6 50.6 49.6 90.6 33.0 54.9 49.2 55.6 54.948.9 48.1 49.2 87.2 90.6
2 112.1 39.0 45.5 35.2 57.6 41.2 42.0 46.2 34.5 42.4 35.2 42.4 451 42.8 41.344.7 36.7 45.5 40.9 42.0
3 155.1123.1 35.5 27.0 43.2 35.5 34.4 34.4 34.7 32.8 46.7 37.5 34.4 36.7 36.335.1 34.0 34.7 32.4 32.0
4 84.2 96.9143.4 33.3 4.6 42.7 47.9 96.2 53.9 49.4 36.0 41.6 95.1 41.2 40.496.6 53.9 96.3 47.6 49.1
5 160.4 145.6 257.1 167.4 36.6 31.9 34.7 34.0 37.7 35.8 29.9 33.3 33.7 33.2 32.534.0 39.7 33.7 34.1 34.4
6 131.0 63.2103.3 103.0 134.2 43.1 38.4 43.8 34.0 39.9 34.9 48.1 41.9 48.9 47.442.5 35.2 43.1 36.9 38.8
7 63.3115.7 146.2 107.0 220.0 105.5 58.1 42.7 44.6 57.3 36.2 51.2 42.3 52.7 51.243.8 42.7 42.7 58.5 56.9
8 13.7108.4152.0 87.7 151.5129.3 60.4 48.3 46.6 88.4 33.0 53.0 48.7 53.0 52.248.9 45.7 49.1 92.2 88.1
9 79.6 94.6152.3 3.9164.1104.5107.1 86.5 50.4 50.6 35.2 40.4 95.5 40.4 39.695.8 54.0 96.2 48.3 50.6
10 82.6155.1149.2 74.9133.3175.0 100.2 94.3 73.5 49.3 33.3 40.1 53.6 39.6 37.754.5 93.3 54.7 48.9 49.6
11 10.2106.9 165.0 83.0144.1120.0 62.7 12.8 79.6 86.4 30.1 52.2 50.2 53.0 51.150.0 49.8 50.2 86.9 97.8
12164.0 148.8 93.9 140.2 198.1 148.5 147.6 166.6 145.4 161.7 184.0 31.0 35.2 30.3 29.935.6 33.0 36.0 32.2 30.7
13 68.1107.3131.5116.4165.0 89.2 77.9 73.8120.0136.4 76.2241.4 40.4 97.8 98.141.8 37.8 40.1 51.9 51.9
14 83.0 98.9151.9 5.1161.7114.9108.7 85.3 4.7 75.9 80.7 145.4 121.7 40.4 40.195.5 54.7 96.3 49.8 50.9
15 66.1105.6 135.9 118.0 161.9 86.6 73.7 75.8 120.0127.1 74.0247.8 2.3 121.7 97.841.4 38.2 39.7 52.2 51.5
16 68.1112.3 138.3 122.1168.4 91.7 77.9 75.9123.5138.5 79.4251.4 1.9123.1 23 40.7 37.1 39.3 51.9 50.7
17 84.2 99.5146.3 3.5158.7113.2102.3 85.3 4.3 73.7 81.8152.7115.9 4.7117.6121.5 55.1 97.4 48.1 48.9
18 87.7142.0157.6 74.7119.7156.7 108.1 97.2 73.3 7.2 83.0163.6 136.2 72.5133.7 141.471.3 54.7 46.8 49.4
19 83.0 96.9149.5 3.9162.8110.0106.9 84.2 3.9 72.9 80.7140.2123.3 3.9125.2127.1 2.7 72.4 49.1 50.2
20 14.2114.5168.4 89.0154.4 138.5 59.7 8.4 86.5 88.2 14.7172.7 78.2 81.9 76.0 77.187.7 93.9 84.1 87.8
21 10.1108.6172.5 84.2151.9126.2 63.5 13.2 79.6 86.2 2.3188.5 78.3 78.5 78.3 80.785.4 84.5 80.7 13.7

* 13 chrtl; 2 chrt2; 3; chrt3; 4; chrt4; 5; chrt5; 6: chrt6; 7; csrtl; 8; csrt2; 9: csrt3; 10 csrid; 11, csrtS; 12 csrtb; 13 csrt7;
14, csrt8; 15; csrt9; 16 csrtl0; 17 csrtll; 18 csrtl2; 19, csrtl3y 20, csrtl4; 21, csrtlS.
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2.3 FRRBMOBETRFEITNEERFIISN

g P B 3 I Ty -copia 3HFEJE FRIAE X R, FIF DNAStar X4> B 2K 21 555 RE 5
HATRESN, WRENTZREFETHRELTHAN (B2),

MRIBHEACH branch B K BERHEIX 21 2 RT FFIR S ANFHKE (Familyl ~5), Ay R —# 7
REBRIER R HA FamilyS RE—NFF, ESBEMI LK, SHRAFKEKREBEEB K.
Familyl | Family2 1 Family3 351G S 4>, 4 N9 NFH, X3 MRIEA L 5wk S 51 86% , 1M
X 3 AR R R T B T 1 E B

chrt4
csrtll

- osrtl3 Family1
- csrt3
-- csrt8

chrt2
chrt6
Family2
chrt3
L csrté

csrtS
csrtl 5
chrtl
csrt2

csrtl4 > Family3

csrt7
[ csrtl0
csrt9

csrtl

csrt4

"""""""""""""""""" [ :} Family4
csrtl2

---------------------------------------- chrtS — Family5

176.3

160 140 120 100 80 60 40 20 0
BHBRBR (X100)

Nucleotide substitutions

B2 WERREFIER

Fig. 2 Phylogenetic tree of segences of reverse transcriptase in cucumber

HBeix 21 M REEBIEEER, S8 Tyl -copia 25 T RMEE W ERRRETFFH, #
BIELRRPA 6 RFTN AL TBERLE, /4512 chrt3 (5539 MEREMAL) . chnb (5 48 MEREMR
AB) . esttl (575 57T NEEMAL) . esrt?7 (537 MEEBAL) . osnt9 (55 37 PEEBRLL) . csntl0 (5
3T ABEMUL) . H 4 ZFFIB chrid | chrt5 ., chrtb T esrt3 K4 T K I F T R4, HAp chi3
25,26, 57, 62 M2 NEEMAKET S ML FHFRA; chnS 76 MEHEBLEET 1 4
KL FETRA; chi6 FEF 75 MEEBARET | MRIEFBTRE; o3 P 23 MEERL K
AT IARIEEGTRE (K3), FHibEN, BERSME I FNTFRT MRN8 FRENE
WEERAE,
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catl
cat2
a3
[ 2)
[€: (4]
cath
cat?
B
cat9
catld .
csitll .
catld.
caitls .
catls |
catld .

M GenBank F#RFIC G REPRE T AR A M0 H REHEERTFS, SEENEREDR
FEH 21 ZRidif B BT 51 DNAMAN S RS (B 4) . SR BRIEE T K F|

TAFLHGYLE ETLYMVHPKGFEVY .. GKEDLYCLLKRS 1 YGLKQ. SPROWYRRFDDFTASLG FQ.RSSYDMEVY INSTTYKD KVYLLL YVDDMY
TAFLHGDLQEEVYMEQPPGFVAQ. .. G . SDKVCRLRKS LYGLK(. STRAWFGKFSQALVCFOMEKSTYDHSVFYRQSD . KG.1 VLLVVYVDDMX
TAFLHGDLEEEVYVEQL IWCLGG....... E “*TFR IRQL LYGLKKVHGHG LK | LVKNLSNSE % RKEN * . ITHSSTNHL %I CVILLVYVDDAOC
TAFLHGDLQEEVYMEQPPGFVAQ.... GESDKVCRLRES LYGLX (S PRAWF G KFSQA LVCFOMKKST SDHSVFYRRSD. KG LVLLVVYVDDMX
TAFFHONLFREVYMDLPL GYKPNL TIQGEEIVCEL HKFVY GLKQASRQWFA. KFSQF.L LS IOF. QQSKANYLLFLKG™S. NNF.LALLVYVDDMX
TAFLHGDLQEEVYMEQPPGFVAQ..... 6. SDKVCRLPKS LYGLKQQSS.CVYWKFNQALY CFG KKKNT YDPFVFYR QFE. %6.1. VLLVEYVDDMX

TAFLHGYLDETIYMVQPKGFEVY....
TAFLHGDLQEEYYMEQPPGFVAQ....
...’ESDKVCRLQKSL YGLKQSPRAWFG. KFS QAFVCFGMKKS TSDHSVFYRRSD. KG.1 VLLYVYVDDAL
... NEKEKVY KL SKAL Y GLRQAPRAWNI. RLDRSLKELD FGKCTQEQAVY TRREE. FECYLVGVYVDDRLK
TAFLHGYLEETTYMVQPKGFEVY... .
TAFLHGHL SEGVYMEPPQGTSD......
TAFLHGYLEETTYMVQPKGFEV() ..

TAFFHGDL QEKVYMEQPP GFVAQ

TAFLHGYLDETLYMVQPKGFEYQ

TAFLHGYLEET] YMVQPKGFEVY..

* KL ERT

GEEDLYCLLEKS IYGLE.QSPR.CWILWF... ¥1.QT. EFNRSSYNMCV YINSTT YEKERMVFFLLYVDDAOL
.G..SDKVCRLRESLYGLKQSPR AWFG. KFSQALVCFGMKKSTYDHSVFYRQSD KG I VLLVVYVDDAMDL

GKEVLYC LLEKS IVGLEQS PRUWYR RFDDFIASL G.FQRSSYD.LYVVINSTTVKDKVYLLLYVD DRI
...PPHKVC LLRRALYGLKQAPRAWFA T.FS8. TLTQLGFI S.SSHDN.ALFTRQTT. . HG LVLLLLYVDDIDL
GKEDLYRLLKKS.I YGLEQSPRYWYKR FDDFLASLG FQRSSYDMCVHINTT T YKGEVYLLLYVDDREIX

. GESDEVCRLRKSL YGLKQSPRAWFG.KFSQALYCFGMKKSTSDQS VLYRRSD. KGLVLLVVYVDDMX
TAFLHGYLEET. [YMVQPKGFEVQ....
TAFLHGYLEET.LYTVQPKGFEVQ. ..
TAFLHGDL QEEVYMEQPPGFVAQ....
TAFFHGELEEEVYV.TQPEGFEVP. ..
TAFLHGDLQEEVYMEQPPGFVAQ. ...

.GKEDLYRLL EXSI ¥YGLKQSPRYWYK RFDDFLASLGF.QRSSYDMCVH.LNTTT YKGKVYLLLYVDDAX.
.GKEDLYRLL KKSILY¥GLKQSPRYWYK RFDDF [ ASLGF.QRSSYDMCVH LNT TTYKGKVYLLLYVDDAL
GESDKVCRL RKSLYOCLKQSPRAWE G.KFSQALVCFGMEKST SDH. SVF. YRR ED. KGLVLLYVYVDDRIX

LNEEEKVYRL SNALYGLRQAPQAWNILRLDRSLKDLG. FRECTQE.QALY TRREX. EECYLVGVYVDDRIX

GESDKVCRLRKS.LYGLKQSP RAWFGKFSQALVCFGMEKST SDH. SVF.YRRSE... K61 VLLVVYVDDIMX

...GKEDLFCLLEKS [ YRLKQSP.RYWYREFDDF.IA5.LGF.QRSSYDMCVY. I NSTTY KDNVYLLLYYDDMX
...GKEYLYCLLEKS.L YGLKQSP.RCWYRRFDDF IASLGF.QRSSYDLYVY L NSTTY KDEVVLLLYVDDMX

B3 EMPEHRBERRFESILR
T OARACRREC T AR B O TR ERROIBERIRMALE,

Fig. 3 The amino sequence alignment of reverse transcriptanse in cucumber

“

* Stop code; “.” Gaps introduced for optimal alignment;

Frameshift mutations are underlined.

MEHRMEERTIISER. GRE. Fi. MK, KBSFERRNREEHE,

0.007

0.236 —— csrt4
L certl2

R Apple
5 3E Potato

0.055

chrt4
csrtll
csrtl3
csrt3
csrt8
chrt2
chrt6
csrtl4
csrtlS
csrt$
csrt2
chrtl
csrt7
csrt9
csrtl0
csrtl
#%h Tomato

[: chrt5
csrt6

I+ Arabidopsis
7K % Rice
chrt3

0.038

0.049

0.130

B4 AMSHEHENBS S RBNAERFINELR

Fig. 4 Phylogenetic tree of amino sequences of partial reverse transcriptase in cucumber and other accessions
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3 e

AHFE YR B Tyl -copia 2% B T 56 MG /T PCR I8, MEFAERIRRE
IR B 3P 445348 1 260 bp 7274789 AR A BL, T Tyl -copia 330 HE T1E BRI FFTE,
5 BT H R 7 R L) DNARNADNA BI7 BARSE L 1 B P4 0056 R BEEATRY, i F I
HRHIHEE, HBEEATR L DNA BART 10 000 f5L0 L, 1AM 5 0B AL 51 12 (248 0 55 1 7
BH, FHERHEASRS, BHETFRRT EERRENB (Steinhaver & Holland, 1986),
BB RARIE SR JEaa P T 21 FOREIT, XEFFIRTBRAOERE, ’
B R ST Y 255 ~272 bp, TIRTABIBIFEE REBLIFFIKE N 273 bp (Voytas et al.
1992) , VB & JRFR Tyl-copia 230 56 FAETEGR R 2S5, BIRMEALMIE, 6 MFEFIK L T BIESR
T, ANFFIRAET 1 ~5 ARREENL L FBTRSE, BREAEE . BEXTURLLFBT
RATRE RIS RS T R R EEER,

ST IR BT 2RI R0 21 SR it REE IR FEE, T ENS R S AR K, FRFESH D
HREFIIBORE, RN T EREIHETHETIROLER, FRNTE RIS, RULFKE
TR SRR G, FL % BT LA S 0 0 AT REE AR ARG

T A R M RSB SRR Y, B T R P E M, 2
AR E R R TO . ENERAMRSZ—, TITREE R EL F—t (Doolitle et al. |
1989) , Mo, 5T AT EYRP A FEATAR S8 (Kumar, 1998) , @it S EEY % B E
HBRBELMT (F4), RAEIN Tyl-copia £FHFMEFER. TR B, Bl . KESET
YR REY, R EITTaE LR, 5T RER R YR 05 T8 % 9 25 R
BB T AR R SRR TR

792 B R PR TUR B AR R 3 SR B2 3078 T SRR IIAL R, T — 24 A I A B9 o
PRI TG RS A RS T RALZER , FRIRR ST e €0, s H R 7E 1 e 8] o (AT AR
MM, X TRERAGR . R RERE RS EAEES L,
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FEREZEFSBEMS S
2008 FFEZEH

FEEEFERMNTS 2006 F8 AEKMABATEHREAIW, 462 A; 200749 AAAEEFRTE - KEL,
ﬁAH3AO%Hﬁ REFASH10 H30 HE 11 A | HET RERET B AP EEE ¥4 FM 22 2008 F45

S a5

10 30 H (B#M) £XKE, 31 HEXSWUXH, 1| HEFES. S SEERETARILAEE, Hit
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