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Identification and characterization of REC66, a Ty1-copia-like retrotransposon in the
genome of red flower of Mirabilis jalapa L.
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Abstract: Mirabilis jalapa L is the most commonly grown ornamental species of Mirabilis and is available in a range of bril-
liant colors. However, genetic research on Mirabilis jalapa L is limited. Using fluorescent differential display (FDD) screen-
ing, we report the identification of a novel Ty1-copia-like retrotransposon in the genome of the red flower of Mirabilis jalapa
L, and we named it REC66 based on its sequence homology to the GAG protein from TyI-copia retrotransposon. Using
degenerate primers based on the DNA sequence of REC66, a total of fourteen different variants in reverse transcriptase (RT)
sequence were recovered from the genomic DNA. These RT sequences show a high degree of heterogeneity characterized
mainly by deletion mutation; they can be divided into three subfamilies, of which the majority encode defective RT. This
is the first report of a Ty1-copia retrotransposon in Mirabilis jalapa L. The finding could be helpful for the development of
new molecular markers for genetic studies, particularly on the origin and evolutionary relationships of M. jalapa L, and the
study of TyI-copia retrotransposons and plant genome evolution in the genus Mirabilis or family Nyctaginaceae.
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INTRODUCTION integrase (INT) in the POL locus [2]. The LTRs start
with 5°-TG-3" and end with 5’-CA-3] with sizes ranging
from a few hundred base pairs to over 5 kb, and they
do not encode any known proteins except promoter
and terminator cis-acting elements for the transcription
of LTR retrotransposons. The LTR retrotransposons
encode GAG and POL proteins, the latter of which en-
codes an aspartic proteinase (AP), reverse transcriptase
(RT), RNase H (RH) and integrase (INT). Together,
these proteins are involved in the life cycle of LTR
retrotransposons [2]. Ty1-copia and Ty3-gypsy group
retrotransposons are ubiquitous in many higher plants
genomes and play a crucial role in plant evolution [3-6].

Transposable elements (TEs) are classified into Class I
transposable elements and Class II DNA transposons
based on their transposition mechanisms. Class I trans-
posable elements that mainly consist of retrotranspo-
sons is the largest class of transposable elements and
the most abundant and widespread components of
plant genomes [1]. Based on their mechanistic features,
organization and reverse transcriptase (RT) phylog-
eny, Class I retrotransposons can be divided into five
groups: LTR (long terminal repeat) retrotransposons,
DIRS (Dictyostelium intermediate repeat sequence)-
like elements, PLEs (Penelope-like elements), LINEs

(long interspersed repetitive elements) and SINEs
(short interspersed repetitive elements) [2]. LTR ret-
rotransposons are further classified into TyI-copia and
Ty3-gypsy groups, which differ in the order of RT and
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Mirabilis jalapa L is a herbaceous plant that belongs
to the Nyctaginaceae family in the order Caryophyl-
lales, and it is one of the oldest flowering plants that
has been experimented on. Native to Peru, it was intro-

How to cite this article: Shunri J, Joshua LG, Haiyan F, Dan L, Shester B, Liang Y, 315
Wen L, Suzhi Z,YiY, Peng L. Identification and characterization of REC66, a

Ty1-copia-like retrotransposon in the genome of red flower of Mirabilis jalapa L..

Arch Biol Sci. 2017,69(2):315-22.



316

duced to Europe by the Spaniards in 1596. It has many
different color types: pure white, red and yellow; bicol-
ored variegates of white/red, white/yellow or yellow/
red and a tricolored variegate of white/yellow/red [7].

Gregor Mendel [8] was the first to perform genetic
research on this plant. In a letter to Carl Naegell in
1870, Mendel uncovered the dominant and recessive
genes in determining the genetic inheritance of the
flower colors red (crimson), yellow and white in M. ja-
lapa. However, molecular genetic studies on M. jalapa
has been rare since then. It was not until recently that
the “R” gene responsible for the formation of the red
color flowers was identified through both biochemical
and molecular biologic analyses [9]. Shortly thereaf-
ter, a dTmjl transposon interrupting the R gene was
discovered to be the cause for the generation of red/
yellow mosaic flowers [10]. Here, using fluorescent
differential display (FDD) screening for flower-specif-
ic transcripts, we report the discovery of a full-length
Ty1-copia-like retrotransposon from the red flower of
M. jalapa. The phylogenetic relationship of this type
of retrotransposons that reside in the genome of the
flower based on the heterogeneity of its conserved RT
sequences were also investigated.

MATERIALS AND METHODS
Plant material

The seeds of red-flower M. jalapa were scattered and
planted in the same bed of soil in early spring. The
plants flowered during mid-summer and their flow-
ers were harvested in late summer. A total of 10-12
flowers was taken from the plants, and the styles and
anthers with pollen were removed, leaving only the
funnel-shaped petals for FDD screening and total ge-
nome DNA isolation.

Isolation of nucleic acids

Total genomic DNA was isolated from the fresh red
flowers of M. jalapa by using the cetyltrimethylam-
monium bromide (CTAB) method [11]. Total RNA
was purified from the red flowers and leaves of M.
jalapa using RNApure Reagent (GenHunter Corp.)
according to the manufacturer’ instructions.
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Fluorescent differential display (FDD) screening
of the red flower of M. jalapa

DNase I treatment of RNA prior to FDD was carried
out using the MessageClean kit (GenHunter Corp.).
FDD-PCR was carried out for the comparison of
mRNA expression profiles between the flower and
leaves of the red M. jalapa. Combinations of one-base
anchored oligo (dT) primers and arbitrary 13-mers
with fluorescent labels from the RNA spectra kits
(GenHunter Corp.) were used for the FDD screening
[12]. cDNAs that were amplified from the 3’ terminal
of the mRNAs were separated on a 6% denaturing
polyacrylamide gel, and visualized via fluorescent im-
aging on a Typhoon 9410 imager (GE biosciences).
Bands representing cDNAs of interest and amplified
with the anchor primers H-T, C combined with ran-
dom HAP-66 primer were excised from the gel, cloned
into the PCR-TRAP cloning vector (GenHunter
Corp.) and then analyzed by DNA sequencing.

Self-formed adaptor polymerase chain reaction
(SEFA-PCR) genome walking

Primers used for SEFA-PCR were developed based
on the 320 bp C66 cDNA sequence obtained by FDD.
SEFA-PCR amplification of the 5’-flanking region was
performed by using three gene-specific primers (C66-
5-SP1, C66-5-SP2 and C66-5-Hemi-SP3), while the
amplification of the 3’-flanking region was performed
using nine gene-specific primers (C66-3-1-SP1, C66-
3-1-SP2, C66-3-1-Hemi-SP2, C66-3-2-SP1, C66-3-2-
SP2, C66-3-2-Hemi-SP3, C66-3-3-SP1, C66-3-3-SP2
and C66-3-3-Hemi-SP3) (Table 1) [13]. The PCR
products were purified, cloned into a pKILLIN vec-
tor [14] and sequenced. In order to verify SEFA-PCR
sequences, we used LA-PCR (TaKaRa ) with REC66-
F-P and REC66-R-P primers (Table 1). The strategy
to isolate the complete TyI-copia-like retrotransposon
sequence is summarized in the schematic Fig. 2A.

Polymerase chain reaction (PCR) amplification of
Tyl-copia-like RT fragments

The degenerate primers RT-F-P and RT-R-P (Table
1) were used to amplify the RT domains of TyI-co-
pia group retrotransposons (corresponding to motif
I - TAFLHG and motif III - YVDDML) from the
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Table 1. Primers used in this study.
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Name Sequence

H-T11C 5-AAGCTTTTTTTTTTTC-3'

AP66 5-AAGCTTGCCTTTA-3'

C66-5'-SP1 5'- GGCGGCAGTATCTTGATCAATTAATAGTTC -3'
C66-5'-SP2 5'- TGGAGAAGCGGGAGTAATAGTGCCATCAAG -3'
C66-5' -Hemi -SP3 | 5-ACTTGAACATGACGCCNNNNNNNNNTAACGG-3'
C66-3'-1-SP1 5'- CCGTTACCAATATCCGGCGTCATGTTCAAGT-3'
C66-3'-1-SP2 5'- CACTGGTTATCTTGATGGCACTATTGTTC -3'
C66-3'"-1-Hemi -SP3 | 5'-GAACTATTAATTGATNNNNNNNNNGCCGCC-3'
C66-3'-2-SP1 5'- GACATCACCCGTGTCGAGTTGTTCTGGCTAC-3'
C66-3'-2-SP2 5'- CCCATAAAAATTCTACAATGTGACAACGGTCG-3'
C66-3'-2-Hemi -SP3 | 5- GGACCATAAGAACCANNNNNNNNNCTCTTC-3'
C66-3'-3-SP1 5'- TCTCATTCCTGGCAGGTTCATCAGCTTG-3'
C66-3'-3-SP2 5'- GGCTTTATATGGCCTTAAGCAAGCACCTC-3'
C66-3'-3-Hemi -SP3 | 5-TGTATCGACAGGGCTNNNNNNNNNCTTATC-3'
REC66-F-P 5-TTGAAAGACAAATAAGATAAAAGATGAAC-3'
REC66-R-P 5-GAAGAGTGATGCCGAATGTGTTTGTATT-3'
RT-F-P 5'-ACNGCNTTPyPyTNCAPyGG-3'

RT-R-P 5'-APuCATPuTCPuTCNACPuTA-3'

DNA letter Codes: N=A+T+C+G, Pu=A+G, Py=T+C.

genomic DNA of the red flowers [15]. Reaction mix-
tures in a final volume of 20 uL contained 10-50 ng of
the genomic DNA, 0.2 mmol/L of dNTPs, 50 pmol of
each of the primers RT-F-P and RT-R-P, 2.5 mmol/L
of MgCl, and 1 U of rTaq polymerase (TaKaRa). The
PCR amplification conditions were: 94°C denatured
for 3 min, followed by 35 cycles at 94°C for 30 s, 55°C
for 30 s and 72°C for 1 min, with a final elongation
step at 72°C for 5 min. The PCR products were puri-
fied, cloned and sequenced as above.

Sequencing and phylogenetic analysis

DNA sequencing analysis was performed by INVIT-
ROGEN (Shanghai, China). Sequences of C66, REC66,
and MYRT1 to MYRT14 were submitted to National
Center for Biotechnology Information (NCBI) using
Sequin software.

Homology searches were carried out using Blastn
and Blastx against the sequences in the GenBank da-
tabase (http://www.ncbi.nlm. nih.gov). Five typical se-
quences of retrotransposons used for comparison were
obtained from the GenBank database: Tnt1-94 (Gen-
Bank: X13777) [16], TLCI1.1 (GenBank: AF279585)
[17], Sto-4 (GenBank:AF082133) [18], Hopscotch
(GenBank: U12626) [19] and Copia (GenBank:
X02599) [20]. Multiple alignments of the sequences
were performed by the ClustalX version1.83 [21]. The
nucleotide sequences were translated into amino acid

A

H-APG66
5'- AAGCTTGCCTTTACAACCGTTACCAATATCCGGCGTCATGTTCAAGTTGTA

TTGGATCTTAAAGCATCCAACTTTAAGTTATGGAAGCGTTATTTTTTGCTTGT
TATTACTCGATTACGTCTTACTGGTTATCTTGATGGCACTATTACTCCCGCTT

CTCCAATAGATTTAGACTGGATTCAATCTTGGATATTTGGTTCTGTTAGTCCT
TCTATTGCAGAACTGTTAATTGATCAAGATACTGCAGCCAAGATGTGGTCTG
CTATTGAAAGTTTATTTCATGATAATAAAAAATCACGCTCCATGGAAAAAAA

AAAAGC -3
H-T;,(

B
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\ )
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Fig 1. The 320-bp C66 fragment encodes a GAG peptide from
Tyl-copia retrotransposon. A — Nucleotide sequence of C66 cDNA
fragment (320 bp) from the FDD screening. Highlighted in red
are the corresponding flanking FDD PCR primers used. B - The
open reading-frames (ORF) from the 320-bp fragment matching
domains UBN2_3 (Accession: pfam14244), GAG polypeptide of
LTR copia is as indicated.

sequences and the sequence alignments were anno-
tated with DNAMAN (Woffelman C. DNAMAN for
Windows. Version; 2004.). The phylogenetic tree of
RT sequences was constructed through the maximum
likelihood method of the MEGA 5.1 software [22].

RESULTS

FDD screening involving a combination of 250
primer combinations

A 320-bp red flower-specific cDNA fragment that was
absent in the leaf was obtained (Fig. 1A) and desig-
nated as C66 (GenBank: KU720516). Database search
by BLAST with NCBI showed that the nucleic acid se-
quence of C66 had moderate homology (37%) to a pu-
tative plant retroelement from Oryza sativa (GenBank
accession numbers: AAN34944.1 and AAM74347.1).
In addition, the conserved domain database (CDD)
identified the open reading frames (ORF) of the 320-
bp cDNA with a sequence homology to the GAG
protein of the TyI-copia type retrotransposon (Fig.
1B). These results reveal that the 320-bp nucleic acid
sequence from the FDD is part of the Ty1-copia ret-
rotransposon GAG peptide-related gene in the red
flower of M. jalapa.
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Fig 2. Schematic illustration of REC66, a novel TyI-copia ret-
rotransposon from M. jalapa. A - Schematic diagram of SEFA-PCR
used for chromosome walking based on the 320-bp C66 cDNA
sequence from the FDD screening. The solid line represents the
known 320-bp C66 cDNA sequence, while the dotted line repre-
sents the unknown 5’ and 3’ flanking sequences. 5’-1 represents
the first amplification from the SEFA-PCR walking for 5’-flanking
sequences; 3’-1, 3°-2 and 3’-4 represent the first, second and third
round of amplifications of the SEFA-PCR walking for 3’-flanking
sequences, respectively. B — Conserved motifs in REC66 from the
red flower of M. jalapa. C - Maximum likelihood tree based on
amino acid sequence of the conserved RT domains from REC66
and other retrotransposons. The tree was obtained by the maximum
likelihood method using MEGA 5.1 software. The numbers at the
branch nodes showed bootstrap values with 1000 replications.

After one round of 5" and three rounds of 3’ chro-
mosome walking, LA-PCR was performed in order to
identify the contiguous longer genomic fragments (Fig.
2A). As a result, a 5567-bp full-length sequence of a
TyI-copia-like retrotransposon designated as REC66
was recovered from the red flower of M. jalapa (Gen-
Bank: KU720517). Based on the PR-INT-RT-RNaseH
gene order and the POL gene-encoding protein se-
quence homology, the REC66 retrotransposon belongs
to typical Tyl-copia retrotransposons [2]. The struc-

Arch Biol Sci. 2017;69(2):315-322

Table 2. Base composition of reverse transcriptase (RT) of TyI-
copia retrotransposon in red flower of M. jalapa.

Sequence Base composition .

o A Con PG(%) T ) | Sz (bp) | ATIGC
MYRT1 30.0 156 | 243 | 30.0 263 1.5
MYRT2 28.5 185 | 242 | 28.8 260 1.34
MYRT?3 19.8 | 20.2 | 21.3 | 38.8 263 1.41
MYRT4 28.2 16.6 | 24.3 | 30.9 259 1.44
MYRT5 27.7 | 18.8 | 20.0 | 335 260 1.58
MYRT6 31.6 156 | 232 | 29.7 263 1.58
MYRT?7 31.2 16.2 | 21.5 | 31.2 260 1.66
MYRTS8 28.5 19.2 | 238 | 28.5 260 1.33
MYRT9 28.8 18.1 235 | 29.6 260 1.4
MYRT10 | 29.7 18.1 22.0 | 30.1 259 1.49
MYRT11 | 27.4 19.3 | 20.1 33.2 259 1.54
MYRTI12 | 32.3 17.1 | 224 | 28.1 263 1.53
MYRT13 | 285 | 18.1 | 23.8 | 29.6 260 1.39
MYRT14 | 28.5 | 18.1 | 23.8 | 29.6 260 1.39

ture of the REC66 sequence contains the characteris-
tics of the primer binding site (PBS) sequence TGGT,
polypurine tract (PPT) sequence AGGGG, and LTR
boundary motif 5’-TG-CA-3’ It also has conserved
motifs, including: C-C-H-C motif in GAG; TSG sites
in PR; G-K-F-GY-G motif in INT; motif I (AFLGL),
motif IT (YGLKQ), motif III (YVDDI) in RT; motif I
(KHI) and motif IT (ADTK) in RNaseH (Fig. 2B). In
addition, sequence homology analysis and phylogeny
relationship study between REC66 and other TyI-copia
retrotransposons in RT indicated that the REC66 ret-
rotransposon indeed belongs to the TyI-copia type of
retrotransposons (Fig. 2C).

To analyze the heterogeneity and phylogenetic re-
lationships of TyI-copia-type retrotransposons within
the M. jalapa genome, degenerated genomic PCR tar-
geting the RT loci was carried out, and the expected
size of putative RT sequences (around 260 bp) were
recovered, purified and cloned. A total of 30 clones
were randomly selected for sequencing, of which 14
were unique sequences and were designated as MYRT1
to MYRT14 (GenBank numbers of KU720518-
KU720531), respectively. These RT sequences were
AT rich, with an AT;GC ratio ranging from 1.21 to
1.66 (Table 2), which is similar to TyI-copia-type ret-
rotransposons found in other species [23]. The length
of these RT sequences from M. jalapa ranged from
256-263 bp, which was slightly shorter than the 273 bp
reported for the RT sequences from other TyI-copia
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Fig 3. Phylogenetic analysis of the reverse transcriptase (RT) se-
quences of TyI-copia retrotransposons in red flowers of M. jalapa.
The tree was obtained by the maximum likelihood method using
MEGA 5.1 software. The numbers at the branch nodes showed
bootstrap values with 1000 replications.

types of retrotransposons [24]. This finding suggested
that REC66 from M. jalapa represents a new variant
of the TyI-copia type of retrotransposons.

Phylogenetic analysis of these RT sequences di-
vided them into three groups (Fig. 3). Group I (with
10 sequences, 71.4%), which includes the RT from
REC66, was the largest one, followed by Group II
(with 2, 14.3%) and group III (with 2, 14.3%). Group
III has a 58 bootstrap value with Groups I and II, and
Group I a 43 bootstrap value with Group II. The boot-
strap value of the sequences was high in Group I, and
bootstrap values were relatively low in Groups II and
III. The results suggested that the RT sequences of the
Group I family, which also includes REC66, were the
major type of TyI-copia-like retrotransposons in the
red flower of M. jalapa.
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The RT sequences of Ty1-copia type retrotranspo-
sons were translated into amino acids, and the similar-
ity matrix between the predicted proteins ranged from
80.7% to 100%. The majority of the RT coding regions
contained the three conserved motifs TAFLHG, SLY-
GLKQ and YVDDM (Fig. 4). For the conserved motif
of TAFLHG, it was found that “F” was found to be
replaced by “L”” in the sequences of MYRT2, MYRT13,
MYRT4 and MYRT12 isolates; while “A” was substi-
tuted for “S” for the conserved motif of SLYGLKQ in
the sequences of MYRT12, MYRT3 and MYRT6; the
“L” was replaced by “F” in the sequences of MYRT3
and the “G” replaced by “D” in the sequences of
MYRT?7; while all 14 RT amino acid sequences con-
tained the conserved motif of YVDDM. Among the
14 sequences, 9 (64%) contained stop codons and/or
frame-shift mutations, while the remaining 5 (36%)
RT sequences, including that of REC66 were intact
and without disrupted ORF (Fig. 4).

DISCUSSION

In an attempt to identify flower-specific transcripts
from M. jalapa, the most commonly grown ornamen-
tal species of Mirabilis, we conducted FDD screening
to compare the mRNA expression between the flower
and leaves of the red plant. DNA sequence analysis of
the cDNA fragments of interest recovered from FDD
revealed that one of the flower-specific transcripts,
320 bp in length (designated C66 cDNA), encoded
a GAG-like peptide with homology to TyI-copia ret-
rotransposons. Then SEFA-PCR chromosome walking
was employed to obtain the full-length retrotranspo-
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son, 5567 bp in length, which exhibited a high de-
gree of sequence homology to TyI-copia retrotrans-
posons. Thus, we have designated the new transposon
as REC66 as it was discovered from the red flower
of M. jalapa. Based on the PR-INT-RT-RNaseH gene
order and the POL gene-encoding protein sequence
homology, REC66 is a first retrotransposon belonging
to the TyI-copia retrotransposon family ever discov-
ered from M. jalapa [2]. The structure of the REC66
sequence contains characteristics of the PBS sequence
TGGT, polypurine tract (PPT) sequence AGGGG,
and LTR boundary motif 5’-TG-CA-3’. It also has
conserved motifs, including C-C-H-C motif in GAG;
TSG sites in PR; G-K-F-GY-G motif in INT; motif I
(AFLGL), motif IT (YGLKQ), motif III (YVDDI) in
RT, motif I (KHI) and motif II (ADTK) in RNaseH
[25-27]. Finally, sequence homology analysis and phy-
logeny relationship study between REC66 and other
Ty1-copia retrotransposons in RT indicated that the
RECG66 retrotransposon indeed belongs to the Ty1-
copia type of retrotransposons.

In the past, the most common strategy to ob-
tained the full-length and complete sequences of
Ty1-copia-type retrotransposons often involved two
steps: amplification of RT domains based on RT con-
served motifs I (AFLGL) and III (YVDDI) [15], and
using chromosome walking strategies to recover the
3’- and 5’-flanking regions of the RT fragments until
the full-length and complete sequences was obtained.
Many novel and complete sequences of TyI-copia
retrotransposons have been successfully isolated and
identified with this approach [28-33]. In our study,
we discovered and characterized a novel Ty1-copia-
type retrotransposon, REC66, not based on the RT
sequence homology but rather on a 320-bp expressed
cDNA sequence from FDD, which showed unmis-
takable amino acid-sequence homology to the GAG
protein from Tyl-retrotransposons. Then SEFA-PCR
chromosome walking was employed to obtain the full-
length retrotransposon. Thus, FDD can be used as a
new approach to obtain retrotransposons, especially
when their transpositions may be involved in tissue-
specific gene expression and the resulting phenotypes,
such as variations in floral colors.

Our investigation of the sequence heterogeneity
and phylogenetic relationship of the RT sequences
from the TyI-copia-like retrotransposons in M. ja-
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lapa revealed that of the 14 unique RT sequences dis-
covered, 64% of them have defective RT with either
stop codons and/or frame-shift mutations, while the
remaining 36%, including that of REC66, were intact
and without disrupted ORF. This finding suggests that
REC66 might have been active or functional in the
past [34,35]. Of the 14 RT sequences recovered from
M. jalapa, all of them were slightly shorter (around 10
bp) than TyI-copia-type retrotransposons previously
reported. Phylogenetic analysis divided them into
three groups, with Group I being the most abundant.
Similar results were also reported for TyI-copia-type
retrotransposons in wax gourd [36], as well as for
other species [32,37-39].

In conclusion, this is the first report of TyI-copia
retrotransposons in M. jalapa. The finding is of im-
portance, not only in light of M. jalapa phylogenetic
studies, but also for the studies on TyI-copia-type ret-
rotransposons and plant genome evolution as a whole.
Furthermore, the discovery of TyI-copia retrotrans-
posons could be helpful for the development of new
molecular markers for future genetic studies, such as
floral color variations, on M. jalapa and other closely
related plant species.
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