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Abstract; Nucleotide sequence of reverse transcriptase of Tyl -copia-like retrotransposon in genomic DNA
from eight lines of Benincasa hispida var. chieh-qua How was amplified, system evolution and homology
of nucleotide sequence and translated amino acid sequence of 29 cloning products obtained from line
A39FA were analyzed, and 29 amino acid sequences were aligned. The amplification results show that
genomic DNA from eight lines of B. hispida var. chieh-qua all includes reverse transcriptase nucleotide
fragment with length about 260 bp. Length of 29 nucleotide sequences (from CqRtl to CqR129) of reverse
transcriptase of Tyl-copia-like retrotransposon obtained from line A39FA is 247-267 bp with homologous
rate of 46.2% —98. 1% , while homologous rate of their amino acid sequences is 26. 7% -98. 8% . The
sequence analysis results show that number of base A, T, G and C in nucleotide sequence of reverse
transcriptase of Tyl-copia-like retrotransposon from B. hispida var. chieh-qua is 65-96, 47-92, 45-74
and 32 — 49, respectively. All sequences are rich in base A and T, and AT/GC ratio is 1.35 -
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2.33. Deletion mutation is the main reason inducing differences in length of nucleotide sequence of
reverse transcriptase of Tyl-copia-like retrotransposon from B. hispida var. chieh-qua, and obvious
differences in sequence length and base composition indicate that there is high heterogeneity in nucleotide
sequence of reverse transcriptase of Tyl -copia-like retrotransposon from B. hispida var. chieh-qua. There
is stop codon mutation in 21 sequences and frame shift mutation in 12 sequences from translated amino
acid sequence, which indicates that Tyl-copia-like retrotransposon is the hot spot in sequence
recombination within B. hispida var. chieh-qua genome. 29 nucleotide sequences of reverse transcriptase
can be divided into 5 families, containing 16, 4, 4, 4 and 1 sequences, respectively. Family 1 might be
a retrotransposon family with transposition activity, while number of reverse transcriptase sequence with
transposition activity only accounts for 20.69% of total number of sequences . The alignment result on
1-2 amino acid sequences in each family of Tyl-copia-like retrotransposons from B. hispida var. chieh-
qua and that of other 15 species shows higher homology. It is indicated that B. hispida var. chieh-qua
and other species may possess the same origin, and Tyl -copia-like retrotransposon can be horizontally

523 4%

transferred among different taxa.
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Fig. 1 PCR amplification pattern of sequence of reverse transcriptase
gene of Tyl-copia-like retrotransposon from 8 lines of Benincasa
hispida var. chieh-qua How
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Table 1
Benincasa hispida var. chieh-qua How

Length and base composition of nucleotide sequence of reverse transcriptase of Tyl-copia-like retrotransposon from line A39FA of

521 K /bp AT/GC I BRFE%E  Base number 521 K /bp AT/GC It BEFE%E  Base number
Sequence Length Ratio of AT/GC A T G C Sequence Length Ratio of AT/GC A T G C
CqRtl 266 1.51 78 82 60 46 CqRt16 266 1.66 82 84 53 47
CqRi2 262 1.52 70 88 67 37 CqRtl7 266 2.13 93 88 45 40
CqR3 266 1.58 77 86 64 39 CqRtl18 266 1.56 82 80 58 46
CqRi4 265 1.48 76 82 63 44 CqRt19 265 1.55 79 82 61 43
CqRt5 266 1.99 94 83 47 42 CqRt20 266 1.77 81 89 62 34
CqRt6 259 1.78 83 83 53 40 CqRe21 266 1.35 76 77 64 49
CqRt7 247 1.40 65 79 71 32 CqRe22 266 1.69 82 85 52 47
CqRt8 266 1.56 78 84 66 38 CqR23 265 1.65 81 84 62 38
CqRt9 266 1.40 76 79 64 47 CqRi24 267 1.70 92 76 58 41
CqRt10 266 2.33 94 92 47 33 CqRi25 266 1.92 88 47 58 36
CqRtl1 265 1.43 75 81 64 45 CqR26 266 1.44 79 78 63 46
CqRt12 259 1.85 84 84 54 37 CqR27 262 1.59 82 79 52 49
CqRtl13 261 2.00 94 80 45 42 CqRi28 266 1.80 96 75 61 34
CqRtl14 266 2.06 94 85 49 38 CqRt29 266 1.69 80 87 62 37
CqRtl5 264 1.42 69 86 74 35

BP0 i AR 2H ) 53 A 45 R R < 9 R Ty 1 - copia
SRR JAE 10 S A R P S S A TG AN C
BB 5390 h 65 ~96 47 ~92 45 ~74 F132 ~49 , fiF
HIFH I E ML A F1T,AT/GC ol 1.35 ~2.33,
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B IR I — 2
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B2 5K Tyl —copia KiFFEEFiHEREBZERE N RS HLH
Fig. 2 Phylogenetic tree of nucleotide sequence of reverse transcriptase of Tyl-copia-like retrotransposon from
Benincasa hispida var. chieh-qua How
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Table 2 Homologous rate among nucleotide sequences and among amino acid sequences of reverse trancriptase of Tyl-copia-like retrotransposon
from Benincasa hispida var. chieh-qua How"

=2 F P FIEIARIER /%  Homologous rate among different sequences

Sequence CqRtl  CqR2 CqR13 CqRi4 CqRt5 CqRt6 CqRt7  CqRi8 CqRi9 CqRtl0 CqRtll CqRtl2 CqRtl3 CqRtl4 CqRtl5
CqRtl — 40.2  60.2 87.4 557 48.8 47.6 84.1 92.0 56.8 84.1 49.4 53.5 545 43.7
CqRi2 54.8 — 43.7  45.3  41.4 37.6 84.1 42,5 39.1 356 39.1 38.1 353 356 80.5
CqR13 62.8 53.3 — 62.1 54.5 59.3 48.8 63.6 60.2 56.8 59.1 60.0 52.3 53.4 44.8
CqRi4 80.4 54.2  64.2 — 56.3 48.2 51.9 85.1 87.4 56.3 80.5 48.8 54.1 57.5 47.7
CqRi5 57.5 51.0 58.3 58.5 — 45.3  41.5 55.7 55.7 54.5 545 459 756 79.5 39.1
CqRt6 61.0 52.0 64.1 60.1 56.4 — 38.8 52,3  48.8 52,3 52.3 98.8 48.8 47.7 40.0
CqRt7 54.1  91.1 54.1 53.5 49.6 52.3 — 47.6  46.3  41.5 43,9 39.2 37.5 41.5 84.1
CqRi8 88.7 54.0 63.2 88.3 57.1 59.1 53.7 — 85.2 54.5 49.4 53.5 56.8 41.4  33.7
CqR19 91.0 51.0 61.7 92.1 57.5 59.5 50.4 88.0 — 54.5 84.2 49.4 53.5 56.8 41.4
CqRt10 57.9 49.4 620 58.1 63.9 63.7 53.3 56.4 56.0 — 55.7 50.6 55.8 61.4 37.9
CqRtl1 80.4 51.5 61.5 89.8 58.5 59.7 50.6 88.3 92.8 56.2 — 50.6 51.2  55.7 41.4
CqRt12 61.4 51.6 63.3 60.1 56.8 98.1 54.0 59.1 59.1 63.7 59.3 — 49.4 459  40.5
CqRt13 59.8 53.1 62.8 61.2 835 59.1 51.9 58.6 59.8 67.4 59.6 59.1 — 80.2  35.3
CqRtl4 57.5 50.6 59.8 59.6 83.1 57.1 51.2 57.9 57.5 69.9 56.2 57.9 87.7 — 34.5
CqRil5 52.9 87.4 51.7 54.2  51.0 52.3 91.5 52.5 50.6 52.1 51.1 53.1 51.6 51.0 —

CqRt16 60.8 51.5 55.1 61.7 64.2 53.5 49.8 61.9 59.6 58.5 59.5 53.5 66.2 64.2  49.6
CqRt17 58.6 54.4 60.5 60.4 8.7 57.9 53.3 57.9 56.8 67.3 56.6 58.3 87.4 88.3 52.9
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43 2 Table 2 ( Continued)

527 H RN FEVR /%  Homologous rate among different sequences

Sequence CqRtl  CqR22 CqRi3 CqR¥4 CqRi5 CqRi6 CqRi7 CqRi8 CqRt9 CqRtl0 CqRtll CqRtl2 CqRtl3 CqRtl4 CqRtl5
CqRtl8 59.8 49.0 57.9 61.1 63.5 55.2 50.4 59.4 60.9 59.0 60.8 55.2 64.4 650 51.7
CqRt19 91.3 55.4 62.6 91.3 58.5 59.3 543 8.8 90.9 57.4 90.9 59.3 61.2 58.1 53.8
CqRt20 60.9 52.1  92.1 63.4 57.9 62.9 553 62.4 61.3 63.5 61.5 62.9 62.5 61.3 51.7
CqR21 91.4 52.9 63.5 90.9 58.6 61.8 52.8 8.8 92.1 57.5 91.7 62.5 62.1 59.4 51.3
CqRi22 62.0 54.0 57.5 61.5 69.9 54.8 52.8 63.5 60.9 60.5 61.9 55.6 70.9 69.9 52.1
CqRi23 63.4 535 940 652 59.2 64.7 53.9 63.8 63.8 63.8 62.1 64.3 64.6 6l.1 52.3
CqRi24 61.3 51.7 60.9 61.9 66.9 56.4 53.7 60.9 59.8 61.7 59.2 56.4 659 63.9 53.6
CqRi25 57.1  51.3 61.7 58.5 52.6 89.2 52.4 56.4 56.8 62.4 555 8.6 57.5 57.5 51.0
CqRi26 91.4 54.0 62.8 90.2 57.1 62.5 52.8 8.1 93.2 58.3 90.2 61.8 60.2 57.9 51.3
CqRi27 56.5 47.3 58.0 58.4 54.2 541 49.0 51.9 546 58.0 54.8 54.1 55.6  54.6  46.2
CqRi28 52.5  57.9 54.4 558 50.6 52.8 58.2 55.2 53.7 52.9 55.4 52.0 52.0 50.2 55.8
CqR129 61.3 53.3 91.4 62.6 57.9 64.5 549 63.2 61.3 63.2 61.1 62.8 64.9 59.8 52.5
52l HIFFIE I FEVE#/%  Homologous rate among different sequences

Sequence CqRtl6  CqRtl7 CqRtl8 CqRtl9 CqR20 CqRi21 CqR22 CqR23 CqRi24 CqRi25 CqRi26 CqR27 CqR28 CqRi29
CqRitl 32.6 52.3 60.2 85.2 54.5 86.4 55.7 56.8 61.4 44.3 90.9 48.3 40.9 55.7
CqRi2 30.6 41.4 33.3 41.4 40.2 42.5 40.2 42.5 39.1 39.1 41.4 33.7 43.7 43.7
CqRi3 27.9 54.5 59.1 58.0 87.5 63.6 54.5 93.2 55.7 55.7 63.6 43.7 42.0 86.4
CqRe4 37.6 55.2 64.4 85.1 60.9 59.8 44.8 60.9 59.8 44.8 87.4 43.0 46.0 57.5
CqRt5 30.2 71.3 55.7 54.5 50.0 59.1 72.7 52.3 64.8 39.8 59.1 41.4 35.2 52.3
CqRi6 31.0 46.5 51.2 47.7 57.0 53.5 47.7 57.0 47.7 82.6 51.2 40.0 40.7 59.3
CqRt7 33.8 43.9 41.5 48.8 45.1 50.0 42.7 46.3 43.9 40.2 48.8 38.3 47.6 45.1
CqRi8 52.3 60.2 83.0 54.5 56.8 85.2 58.0 60.2 59.1 46.6 87.5 40.2 44.3 60.2
CqR19 33.7 52.3 60.0 82.3 54.5 88.6 55.7 56.8 59.1 45.5 93.2 48.3 42.0 55.7
CqRt10 31.4 53.4 55.7 54.5 55.7 59.1 54.5 53.4 61.4 50.0 58.0 44.8 39.8 54.5
CqRtll 33.7 52.3 62.5 79.5 55.7 86.4 59.1 55.7 58.0 47.7 89.8 44.8 44.3 59.1
CqRt12 28.9 47.1 49.4 48.2 55.3 54.1 48.2 57.6 45.9 81.2 51.8 38.1 38.8 57.6
CqRtl3 29.8 75.6 54.7 52.3 50.0 55.8 65.1 51.2 57.0 41.9 54.7 41.2 32.6 48.8
CqRt14 32.6 80.7 62.5 52.3 52.3 59.1 71.6 51.1 62.5 42.0 58.0 41.4 37.5 52.3
CqRtl5 30.6 36.8 36.8 44.8 41.4 46.0 39.1 43.7 41.4 39.1 44.8 32.6 43.7 42.5
CqRtl6 — 31.4 36.0 34.9 29.1 34.9 32.6 29.1 27.6 29.1 34.9 28.2 26.7 29.1
CqRt17 63.8 — 55.7 52.3 51.1 56.8 69.3 51.1 56.8 38.6 55.7 43.7 39.8 87.5
CqRtl8 80.8 61.3 — 58.0 58.0 65.9 59.1 56.8 61.4 45.5 63.6 43.7 38.6 56.8
CqRt19 60.6 59.6 60.4 — 54.5 84.1 58.0 55.7 58.0 42.0 86.4 40.2 40.9 54.5
CqR120 56.2 60.9 58.6 61.9 — 58.0 53.4 88.6 54.5 53.4 58.0 43.7 39.8 87.5
CqRi21 62.6 60.9 60.5 92.1 62.0 — 60.2 60.2 63.6 47.7 94.3 46.0 44.3 59.1
CqRi22 64.9 67.7 63.2 64.2 59.4 62.8 — 53.2 60.2 40.9 59.1 39.1 35.2 52.3
CqRi23 57.6 61.5 59.6 63.6 94.7 64.2 59.2 — 54.5 53.4 60.2 41.4 42.0 87.5
CqRi24 63.0 64.7 61.7 60.4 59.8 63.2 60.9 60.4 — 42.0 62.5 43.7 43.2 55.7
CqRi25 50.9 56.4 53.8 56.2 60.5 58.6 53.4 63.0 54.5 — 46.6 36.8 36.4 56.8
CqRi26 62.6 58.6 60.9 90.2 60.5 92.1 63.5 64.2 60.5 59.0 — 46.0 43.2 59.1
CqRi27 56.3 58.0 53.4 54.4 58.0 56.1 52.7 58.2 52.3 50.0 55.7 — 36.8 42.5
CqRi28 48.1 50.2 46.7 55.0 56.0 54.4 51.4 54.7 54.4 52.1 54.8 48.8 — 43.2
CqRt29 57.4 60.2 59.0 61.1 93.6 62.0 58.3 95.5 59.8 63.2 61.3 56.1 55.2 —

D RELR T J7 BB A% R T 0 8] A TRV %6, A8 2 1 0 01 O 2 3 8 51 18] A9 [R] 5% Datums under the diagonal are homologous rate among

nucleotide sequences and those above the diagonal are homologous rate among amino acid sequences.

2.5 TNH Tyl-copia X FEHEFHEERBEIER  ZIMATFI 29 755K Tyl -copia 5 %1
AR RES T TG SR AZ H IR P 51 Bl LR SE R 7 51, 45 2R WL 14
Z IO HGE T Tyl —copia WG PEF 0 [ 3. 7E29 RPN A 12 R & BT 51 K A= FEHE 5
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B A, & TR Tyl —copia ZEI5%E EF- 300 5 St 186 571 1) e e e L Xt 23

G CqRe2 (55 17 i B HE R ) | CqRed (5 36 fif
FHEMR) CqRi6 (55 14 (2 HEMR ) (CqR7 (55 17 fi %
FEFR) (CqRul1 (55 17 (&R ) .CqRuI2 (55 14 (V&
MR ) (CqRtl3 (55 23 FHS 74 A& IR ) . CqRul5 (45
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CqRi3

CqRi4

CqRi5

CqRi6

CqR17

CqRi8

CqR19

CqR110
CqRtll
CqRi12
CqRt13
CqRi14
CqRtl5
CqRi16
CqRtl7
CqRi18
CqR119
CqR120
CqRi21
CqRi22
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CqR126
CqRi27
CqRi28
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CqRil
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CqRi3  ¥+F
CqRi4 1
CqR15
CqR16
CqRt7
CqRi8
CqR19
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I Vi
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1 EAH- L1 DE
LADSY - MI RLG)

*7 . ZIEERF Stop codon; “

with underlines represent the frame shift translation sites.

44 (PEFERR ) . CqRi16 (55 18 1 & FEFR ) .CqR23 (55
66 NP MR ) CqRi24 (55 39 i & FEWR ) A chm
(539 (R IR) , 21 DiFE SRR T A A e A 1k
2848  Hor CqRuS 43 BIFESS 16 5 23 57 38 %n

; ’?ﬁ"%_’“ E?éi%ﬁ: symevy

sl FEEISIII §- EGoV l[IL

HKi**E:_fEI&L*KLL*QL LHKHRFLHSS- YL

DSEQILFT ) REME

?%g@ﬁmuuun@ Mil

=" HTHMALERECAY 5 T Gaps used for optimal alignment. T X4 i 1 & 3% TR R B HE B A9 1 25 Amino acids

3 5K 29 % Tyl-copia KiFEEFEHE REBEERF T ML
Fig. 3 Alignment of 29 amino acid sequences of reverse transcriptase of Tyl-copia-like retrotransposon from
Benincasa hispida var. chieh-qua How
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41 (R RRALALTE 4 DL T 578, CqRid (4
45 55 56 FIE 69 fz B2 ) Fll CqRt19 (%6 6 %5 56 F
5573 P EIERR ) AEAE 3 MR IEFI T 57 CqRil (5
57 FEE 70 AL MR ) (CqRe2 (55 9 FI5E 41 iz Jik
2) .CqRi8 (55 41 FI%5 63 (&M ) . CqRi16 (45 41
FIEE 55 7 FHEFR ) . CqR22 (26 22 FIEE 37 {4 3k
2) .CqRI28 (55 19 FN%E 41 (2 5EHR ) Fl CqR25 (5
41 FIEF 46 SR ) 1A AE 2 DN T4, CqRi3 (5
49 PG FERR) (CqRi5 (55 25 (i & HEMR ) . CqRi6 (5 39
PR IERR ) . CqR19 (5 70 7 & IER ) . CqRill (55 41
PEFER) \CqRt12 (55 39 [ &R ) . CqRt13 (5 45
PR IEIR ) . CqRtl7 (5 40 17 & HEMR ) . CqRi20 (2 45
IR ) (CqR23 (5 49 (i & BEMR ) Al CqR29 (56 41
DR IER ) FAAE 1| DAL BS54 A7 3G skl 1
FA 3 4 57 il 51 S CqRU7 . CqRtl0 . CqRtl4 , CqRtl8 .
CqRe21 Hl CqRi24, 2 i 2 &R )7 51 8= 1) 20. 69% , Jir
ARS8 T 58 AE  TC TR R Bt i e 7 S I 1Y)
B R AT e RS AE S AR 5 4% 1 SR AR
2.6 TIK Tyl-copia RS EFSHERBEERE
5§ R Gtk S #

B 29 &R Tyl —copia R B T SRR
KL/ 5 #E4T NCBI BLASTx [A]J548 &, 45 B iR . ok

PRT 19T 29 %305 st il Z LR P 9 LL B A A, 5
N, K (Oryza sativa Linn.) | 5 % ( Fragaria x
ananassa Duch.) . % iii ( Lycopersicon esculentum Mill.) |
1% ( Vitis vinifera Linn.) | 25 £ ( Brassica campestris
Linn.) &l =% ( Beta vulgaris Linn.) X Z2 )& ( Chenopodium
Linn.) Fi 219 Tyl —copia 2839 i 8 300 7 Sk g 5k 1A 1Y)
IR T A B IR

M 29 ZEAY I Tyl —copia &30 5% J3E 1305 e S I 14
B—NFGEER 1 ~2 NP5, 454 GenBank 8 5%
HIFR S HE 0 Tyl —copia S 307 P30 5 S g 3 A (1)
R, FIH DNAStar 851414 2 2F AR 25 5L UL
Kl 4, ZRIRH . I i S g 28 SE TR 7 91 78 2R 25 ]
6 41,55 1 d1AdR CqR21 2R T 51 LA K it
JX ( Cucumis melo Linn., CAJ65841) | Cucumis x hytivus
J. F. Chen et J. H. Kirkbr. (ADQ85918) HH& ( Citrus
sinensis ( Linn.) Osbeck, CAJ41396 ) F1 25 #) [ Camellia
sinensis (Linn.) O. Kitze., CAJ09747 ) iY Tyl —copia ZSi¥
T - 00 B Sy Tl DRI S R Y A5 A 2 A AL
Populus ciliate Wall. ex Royle( AAT73703)  ( Prunus
mume Sieb. et Zucc., ACZ36925) F1RX M = #2 [ Picea
abies (Linn.) H. Karst., CAA11919) {9 Tyl —copia 2
T B A - 00 B SR T R R 1 R R Y 1 5 4 3 A AL G

: Cucumis melo
Cucumis x hytivus

CqRt21

Citrus sinensis
Camellia sinensis

|—l: Populus ciliate
Prunus mume

L Picea abies
I CgRt7

Vitis vinifera
Amaranthus cruentus
Fragaria orientalis
CqRt20

Brassica napus
Solanum lycopersicum

Orobanche hirtiflora

Beta vulgaris
——_ Oryzasaiva

CqRtl14

| CgRt10

CqRt27
L 1 1 1 1 1 1
60 50 40 30 20 10 0

BIERL B AUE (x100)  Amino acid substitutions (x100)

4 TIREEMEY Tyl-copia EFEEEEFHERBIERF FIH R G LR
Fig. 4 Phylogenetic tree of amino acid sequence of reverse transcriptase of Tyl-copia-like retrotransposon from
Benincasa hispida var. chieh-qua How and other species
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Fio, A5 I Tyl —copia 25005 JRE 100G S e 51 19 5 B K L) 25

CqRi7 &R ¥ 51 F1 4 %5 ( XP_002272586 ) i Tyl -
copia S HE T 0ES SEFHIEIN M0 ALY S5 56 4 4
15 CqRt20 AR T Y L N Amaranthus cruentus
Linn. ( AAG44312) | 78 77 ¥ % ( Fragaria orientalis
Lozinsk., ADP88729 ) . KK il i > ( Brassica napus Linn.,
AAA32987) .Solanum lycopersicum Linn. ( AAC34606) .
Orobanche hirtiflora (Reut.) Tzvelev( ABD19053) =€
(T14589) FlI/K & ( T03662 ) 1K) Tyl —copia 25 355 5 JHE 1
W SR RE DR ) R IR T 9 5 5 5 4G CqReld
CqRt10 ZAEMR 17 51, H. 5 A 5% i5t 1% R 2 50
CqR27 ZFEMRIT 51 5 HAAE Y1 1 Tyl —copia JEi8i %%
A 3 5 SR Tl B B2 P 90 1) S % G FR IR L , PR Oy
1350, 5 6 4,

IR AS R R O WA A 2R Y Tyl - copia
ESUELIINSUETSIE SRS, SV ¥ ot
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o TR P B P DRHAE Py 5 DR 2 gt B J 1 AN AL
A LR AR A TRI N 1) 4% 36 , i il DATEA [) s 1) 2
(1) 2 [ g P A ) e ) A 1 £ 28
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ARG B RS T JKH ) Tyl —copia 23355 55 356
e SEMEEE R 9 64T PCR 9748 N8 2575 N &R b iy
PHEFRE] 260 bp 22410 H R BE, W Tyl —copia 2
WG JETAEN N T2 A A, ARAFRY I 29 SR B
SRIEAZ T R 7 9 B AR AL Fil J2 247 ~ 267 bp, /N T
R 2 S A% A R T 9 BE (273 bp) 25 HL 29 2%
Tyl —copia 28355 J9E 1~ 303 5 S) W A% 1 R 914K AR 22
20 bp,/NT B FSE SR Tyl —copia 25390 %5 JE T
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