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Abstract

The rice Rim2/Hipa is a unique transposon superfamily in Oryza genomes, which can be transcriptionally activated by the infection of
the rice blast pathogen Magnaporthe grisea and its elicitors. Rim2/Hipa elements belong to En/Spm family, with perfect terminal inverted
repeats in both ends, direct and inverted sub-terminal repeats, and 3-bp target site duplication upon insertion. Intriguingly, the typical
‘CACTG’ end sequences in the terminal inverted repeats of most Rim2/Hipa elements distinguish them from previously reported
CACTA elements, such as En/Spm, Tam1, and Tgm1, which harbor ‘CACTA’ sequence in their terminal inverted repeats. In particular,
the plentiful Rim2/Hipa elements unevenly distribute over all 12 chromosomes and make up at least 1% of the entire genome. Southern
hybridization revealed the existence of Rim2/Hipa elements in all rice varieties examined and the Rim2/Hipa core sequence is unique to
rice genomes. Evidence derived from sequence analysis indicated the occurrence of transposition events during the long evolution. The
abundance and insertion polymorphisms suggested their applications as novel molecular marker in rice fingerprinting and fine chromo-
some mapping. This paper aims at outlining the Rim2/Hipa elements with respect to their structure, distribution, transposition and
utilization.
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1. Introduction

Transposable elements (TEs) comprise two classes.
Class 1 elements are retroelements that use reverse trans-
posase to transpose by means of an RNA intermediate.
Class 2 elements are DNA transposons that transpose
directly from DNA to DNA and characterize themselves
with terminal inverted repeats (TIRs) [1]. En/Spm family
belongs to the Class 2, which carries conserved sentence
‘CACTA’ in the outermost of TIRs and thus are also
called CACTA elements [2–6]. Of CACTA elements,

Rim2/Hipa (hereafter Rim2) is a transposon superfamily
identified from Oryza genomes. According to their puta-
tive coding capacity, Rim2 elements can be classed into
RIM2-coding, RIM2-pseudogene, and nocoding sub-
groups. Partial elements from the coding and pseudogene
subgroups can be transcriptionally activated by the infec-
tion of the rice blast pathogen Magnaporthe grisea and
its elicitors [6]. The ‘CACTG’ end sequences in the TIRs
(Table 1) and multiple copies distinguish Rim2 from pre-
viously reported CACTA elements [7,8]. To our knowl-
edge, Rim2 is the biggest Class 2 transposon family so
far identified from plant genomes and the first finding
regarding Class 2 elements able to be activated at tran-
scriptional level [7,9,10].
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2. Rim2 elements share similarity with previously reported

CACTA elements, but belong to a novel DNA transposon

family

Rice blast is the most economically important fungal dis-
ease of rice, which has allured scientists contemplating the
rice–pathogen interaction for many years. Here, H7S and
H7R, the rice near isogenic lines [10], were inoculated with
the rice blast pathogen Magnaporthe grisea. PCR-based dif-
ferential screening was subsequently conducted to isolate
and clone blast resistance-related genes, and one cDNA frag-
ment was obtained [11]. Its putative protein shares similarity
with TNPD, TNP2 and Tgm5-ORF, the plant transposases
encoded by En/Spm [2,3], Tam1 [4] and Tgm1 [5], respectively
[6]. This finding implied the probable clue of CACTA-like
elements in the rice genome [6,11].

To disclose its genomic DNA structure, Rim2 cDNA
was employed as probe to screen rice bacterial artificial
chromosome (BAC) library. Several positive BACs were
obtained and subsequently digested for subcloning. Conse-
quently, more than 20 positive fragments were obtained
such as Rim2-228, Rim2-248, Rim2-553 (see Accession
Nos. AY090462, AY090463, AY090464 in GenBank) and
Rim2-569. By searching the upstream and downstream
sequences, 16-bp TIR sequence ‘CACTGGTGGAGA
AACC’ was recognized, flanked by 3-bp target site duplica-
tion. Besides, several copies of 16-bp core sequence
‘ATCTTTAGTCCGGTT’ were found residing in subter-
minal regions. Moreover, several long tandem repeats were
scattered in the regions. Sequence analysis revealed that
Rim2 elements harbor undisrupted ORF and the putative
proteins share low homology with TNPD, TNP2 and other
plant transposases. By using conserved Rim2 end sequences
as a query to blast in GenBank, multiple Rim2 elements
were uncovered from available 230Mb rice sequences in
2001. Subsequently, data mining revealed that most of
the Rim2 elements carry ‘CACTG’ in the outermost TIRs
(Table 1), only a few elements harbor ‘CACTA’ sequence,
indicative of the evolutionary divergence. This structural
feature distinguishes Rim2 from other CACTA elements
[8]. The above findings declared the discovery of a novel
CACTA-like family in rice genome.

Sequence alignment was performed and the result dis-
played the Rim2 diversity in both protein and DNA
sequences. ORFinder program in NCBI (http://www.ncbi.
nih.nlm.gov) was adopted for ORF prediction. As men-
tioned above, Rim2 elements can be classed into three sub-
groups: (i) RIM2-coding; (ii) RIM2-pseudogene; (iii)
noncoding. The putative transposases of Rim2-coding sub-
group show difference in the number of amino acid resi-
dues, indicative of the mRNA alternative splicing. It is
speculated that the pseudogene elements were evolved from
coding elements due to frame shift or stop codon deletion,
whereas the noncoding elements are small in size and prob-
ably belong to non-autonomous elements. Apart from pro-
tein diversity, Rim2 elements vary in DNA length ranging
from 200 bp to 20 kb [8,9].

3. Plentiful Rim2 elements constitute a superfamily in rice

genome

3.1. Abundant Rim2 elements unevenly distribute on all 12

chromosomes

To survey the abundance of Rim2 elements, fluorescence
in situ hybridization (FISH) assay was conducted using
cDNA as probe and the map displayed the aggregation
of Rim2 elements in rice chromosomes, consistent with
the conclusion of data mining. To visualize the exquisite
distribution, a map was drawn to locate all mined Rim2 ele-
ments on rice chromosomes (Fig. 1). This map clearly
exhibited the uneven distribution of Rim2 elements on all
12 chromosomes. Attractively, they are obviously enriched
within centromeric regions [8].

Data mining revealed that Rim2 is a big family with
numerous copies/members in the sequenced rice genome
(japonica). To investigate the Rim2 distribution in different
rice varieties, Southern hybridization was carried out using
Rim2 cDNA as probe to detect 26 rice varieties of different
origins. The result clearly showed its ubiquitous distribu-
tion in all varieties examined (Fig. 2). This finding also dis-
tinguishes Rim2 from previously reported CACTA
elements [2–5], which are not very repeated. Up to now,
many CACTA elements have been found in plant genomes,

Table 1
Comparison of Rim2 with other CACTA elements in the outmost of TIRs

Elements Plant race Accession No. Terminal inverted repeat (TIR)

En1 Zea mays M25427 50-CACTACAAGAAAA—– �30

Tam1 Antirrhinum majus X57297 50-CACTACAACAAAA—– �30

Tgm1 Glycine max K02837 50-CACTATTAGAAAA—— �30

Cs1 Sorghum bicolor AF206660 50-CACTATGTGAAAAAAGCTTA– �30

Pis1 Pisum sativum X07562 50-CACTACGCCAAA——— �30

Tdc1 Daucus carota AB001569 50-CACTACAAGAAAACGCGAGA– �30

Tnr3 Oryza sativa D63711 50-CACTAGAAGGGAT—– �30

Tnr12 Oryza sativa AB033545 50-CACTACTAG—– �30

CAC1 Arabidopsis thaliana AB052792 50-CACTACAA—– �30

Tpn1 Pharbitis nil D37795 50-CACTACAAGAAAAATGCACATAGACAAC– �30

Rim2-553 Oryza sativa AY090464

The typical end sequence ‘CACTG’ in Rim2 TIR was highlighted in gray shade.
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however, only Rim2 family reaches such a high copy
number.

3.2. Rim2 elements exist in all rice varieties examined, but

their core sequence is unique to rice genome

To explore the existence of Rim2 elements in other plant
genomes, Southern hybridization was conducted using
Rim2 cDNA as probe to hybridize with the genomic
DNA of rice, wheat, barley, maize, sorghum, millet and
Arabidopsis. The result showed that the Rim2 core
sequence (RIM2-coding and pseudogene sequences) is
unique to the rice genome. To assess the evolutionary
relation between Rim2 and other CACTA elements, a
phylogenetic tree was constructed with distance-based
neighbor-joining method based on amino acid sequences
of transposases encoded by the representative CACTA-like
elements. The result implied that the proteins encoded
by CACTA-like elements could be classified into two

subgroups, the TNP2 subgroup and the RIM2 subgroup,
suggesting that Rim2 family is distantly related to CACTA
(En/Spm) family in evolution [8].

4. Rim2 elements display two states: a few are mobile and

most are silent

The high similarity of partial Rim2 elements and Resite
evidence [8,12] indicated the clue of transposition events. In
fact, increasing reports reiterated the occurrence of TE
activation when plants were subjected to environmental
stresses, such as tissue culture, radiation or pathogen infec-
tion [13–16]. It is therefore argued that plants adapt to
diverse environments by genome plasticity derived from
transposition or other mechanisms [17–19]. Here, as men-
tioned above, Rim2 elements include three subgroups. Con-
ceivably, it is partial elements from RIM2-coding or
pseudogene subgroup that can be transcriptionally induced
by Magnaporthe grisea, suggesting their role in defense
response. Based on Rim2-based PCR and electrophoresis,
genomic variation of Rim2 core region among the rice
resources implied that this family has undergone long per-
sistence of amplification and mutation during its evolution.
In another word, transposition events lead to genomic
diversity. Besides, polymorphic bands stacking in the
hybrid rice implied that interelement recombination could
happen in progenies, which certainly would be one of
sources of its divergence [9].

So far, no active Rim2 elements have been identified.
Through genome-wide screening of full-length Rim2 cDNA
from the pathogen-induced cDNA libraries and mining of
cDNA databases, four indica and two japonica types of
transcripts were isolated, which were transcribed from the
same Rim2 pseudogene Rim2-42 that contains premature
stop codons in the TNP2-TPase coding region [20]. These
data suggested that the processing of the Rim2 transcripts
exhibited variations within and between the two subspecies
(indica and japonica). These transcripts were found to be
produced by alternative transcription (tailing) or splicing
from Rim2-42 under stress conditions. An additional
Rim2-like transcript (Rim2-XET), a chimera of Rim2 and
XET genes, was also found to be derived from read-
through. These results show that most of Rim2 elements
probably lose transposition capacity during evolution. So
plentiful Rim2 elements certainly contribute to the rice gen-
ome plasticity. It is high time to explore the mechanism
underlying rice genome-restructuring events in response
to pathogen attack.

The inactive state of TEs probably resulted from the epi-
genetic control of transposase-coding gene. DNA methyla-
tion, hetero-chromatin, and position effect can give rise to
the silence of transposase-coding gene at transcriptional
level [21]. It is reported that DNA methylation is one of
the mechanisms to repress transposition [22]. Through
sequence analysis, it was found that plant transposons bear
higher degree of methylation than mammal transposons,
implying the role of methylation in retarding the

Fig. 1. Uneven distribution of Rim2/Hipa elements in 12 rice chromo-
somes. The centromeric regions were marked with broad arrows.

Fig. 2. Southern hybridization of Rim2 cDNA with genomic DNA of 26
rice varieties digested with EcoRI. The smear lanes were in fact the
aggregated DNA fragments digested with EcoRI, indicating the multi-
plicity of Rim2 coding regions and their ubiquitous distribution in all
varieties examined. The rice lines are listed as follows: (1) IR29723-1438,
(2) IR38, (3) Aixianzhan, (4) Changlunzhan, (5) Shuiyuan 290, (6) Hongtu
31, (7) Wanhui No. 9, (8) Taizhongxianyu 214, (9) Sankecun, (10) Jijing
62, (11) Jiudao No. 6, (12) Liaojing 151, (13) Guiyu 100, (14) Guiyu 330,
(15) Lemont, (16) Mars, (17) Chengbao No. 2, (18) Jiayu 293, (19)
Dabeizigu, (20) Taizhongyu 5, (21) RP2235-48-54-6, (22) Wujienuo, (23)
Baimaojing, (24) Maogunuo, (25) Haogan, (26) Jiunuo.
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occurrence of transposition [23]. Apart from evidence of
informatics, experimental result also supported this view-
point. CAC1, for instance, a CACTA element from Aro-
bidopsis, was active under background of DNA
hypomethylation, whereas it kept immobility under hyper-
methylation [24]. As to Rim2, only partial elements from
transposase-coding and pseudogene subgroup can be trans-
criptionally induced, and most of them keep stillness. It is
hypothesized that DNA methylation might interrupt the
post-transcriptional process. Moreover, Rim2 transcription
might mediate the defense response of early-stage to copy
with the pathogen attack. Except for DNA methylation,
RNA interference also probably resulted in the silence of
Rim2-encoding elements. Methylation before transcription
or RNA-degradation at posttranscriptional level, which is
predominant, is currently unknown. The intrinsic correla-
tion and interplay between methylation, gene silence and
transposition remain mysterious.

5. Rim2 elements exhibit wide applications

5.1. Rim2 elements can be recruited for fingerprinting rice
lines and chromosome mapping

Owing to ubiquitous distribution over the rice chro-
mosomes and polymorphism of insertion sites, Rim2 ele-
ments can serve as molecular markers in biodiversity and
genetic analysis [9,25–29]. In reflecting the dynamic state
and evolutional divergence of the rice genomes, Rim2-
based PCR is more accurate than conventional methods
such as RAPD, AFLP and SSR [9]. Based on the diver-
gence and quiescent state of Rim2 elements, a transposon
display-based fingerprinting technique was developed to
effectively identify rice genetic resources and explore their
genetic relationships of rice germplasm. For example,
using only 5 pairs of primer, the Rim2-based PCR finger-
printing approach could effectively differentiate 55 rice
accessions (including wild type, japonica and indica acces-
sions). A dendrogram showed not only clear genetic
diversity of the rice germplasm, but also the considerable
genetic differentiation among the wild rice resources. This
fingerprinting technique could also serve as a sensitive
and reproductive method to identify rice hybrids from
their parents, and detect the variety stability as well,
demonstrating its great potential for the administration
of seed production, variety licensing in rice breeding
and production [9]. In fact, other reports also attested
the feasibility of Rim2 elements as novel molecular marks
[25–29]. Using CACTA-TIRs as primers to conduct PCR
amplification with corn and sorghum genomic DNA as
templates, the conclusion is consistent with that of using
other molecular markers, suggesting the feasibility of
Rim2 elements in phylogenetic analysis. Morever, Rim2

elements can be recruited as new molecular markers for
chromosome mapping due to their ubiquity in rice chro-
mosomes [17,18,29]. Kwon et al. attested that Rim2

markers could be useful in the development of high-den-
sity of genetic map around the centromeric regions [26].

5.2. Rim2 elements have potential in gene tagging and

function analysis

TEs can be used for gene tagging due to random
insertion polymorphism and gene mutation they caused.
Of CACTA elements, only En/Spm and Tam3 are cur-
rently employed transposon systems and have been
widely used for gene isolation [3]. According to sequence
analysis, some Rim2 elements should be still mobile.
Once cloned, they will be used not only for gene tagging,
but also for exploring the genomic plasticity and the
mechanism underlying defense response to Magnaporthe

grisea [15]. In addition, TEs are capable of gene delivery.
Their insertion, integration and mobility simplify the
process of seeking and cloning the interrupted genes.
Since Rim2 transcription was strongly induced by the
infection of Magnaporthe grisea, inducible promoters
possibly lurk around the elements. In comparison with
constitutive promoters, inducible promoters are easy to
manipulate. If obtained, they will play substantial role
in the engineering of plant defense, or, as a novel trans-
poson system, employed for isolating unknown genes.

6. Concluding remarks

As the biggest Class 2 transposon family identified so
far in plant kingdom, Rim2 is fascinating for its unique
structure, remarkable abundance, mysterious transposi-
tion and promising utilization. It appears that Rim2 is
the hub of many events. Its discovery provided the plat-
form for the further research on the transposition mech-
anism, genomic restructure, and its role in signal
transduction. Here several questions are still enigmatic:
(i) When did Rim2 elements originate? By which mecha-
nism they propagated and evolved to become a super-
family? (ii) How to wake up the sleeping Rim2

elements? Methylation and unidentified ncRNA (no cod-
ing RNA) possibly hamper the transcriptional process of
transposase-coding genes, which belong to epigenetic
control. (iii) Perhaps there is a unique mechanism under-
lying the pathogen attack and Rim2 transposition. If so,
what are the second messenger in signal transduction and
the inducible promoters? Undoubtedly, it is highly valu-
able to solve these problems and a variety of efforts will
be made along this line.

Acknowledgements

This work was supported by National Natural Science
Foundation of China (Grant Nos. 30125030, 90208010)
and National Programs for High Technology Research
and Development of China (2001AA222321).

378 P. Tian, Z. He / Progress in Natural Science 18 (2008) 375–379



References

[1] Kazazian HH. Mobile elements: drivers of genome evolution. Science
2003;303:1626–32.

[2] Pereira A, Cuypers H, Gierl A, et al. Molecular analysis of the En/

Spm transposable element system of Zea mays. EMBO J
1986;5:835–41.

[3] Gierl A. The En/Spm transposable element of maize. Curr Top
Microbiol Immunol 1996;204:145–59.

[4] Nacken WKF, Piotrowiak R, Saedler H, et al. The transposable
element Tam1 from Antirrhinum majus shows structural homology to
the maize transposon En/Spm and has no sequence specificity of
insertion. Mol Gen Genet 1991;228:201–8.

[5] Vodkin LO, Rhodes PR, Goldberg RB. A lectin gene insertion has
the structural features of transposable element. Cell 1983;34:1023–31.

[6] He ZH, Dong HT, Dong JX, et al. The rice Rim2 transcript
accumulates in response to Magnaporthe grisea and its predicted
protein product shares similarity with TNP2-like proteins encoded by
CACTA transposons. Mol Gen Genet 2000;64(1–2):2–10.

[7] Panaud O, Vitte C, Hivert J, et al. Characterization of transposable
elements in the genome of rice (Oryza sativa L.) using representa-
tional difference analysis (RDA). Mol Genet Genomics
2002;268(1):113–21.

[8] Wang GD, Tian PF, Cheng ZK, et al. Genomic characterization of
Rim2/Hipa elements reveals a CACTA-like transposon superfamily
with unique features in the rice genome. Mol Genet Genomics
2003;270(3):234–42.

[9] Tian PF, Wang JJ, Wu G, et al. Genomic variation of the rice Rim2/
Hipa superfamily and dendrogram and fingerprinting analysis of rice
germplasm based on Rim2/Hipa paralog display. Prog Biochem
Biophys 2006;33(2):169–77.

[10] He ZH, Shen ZT. Near isogenic pair of indica rice with blast
resistance genes. Int Rice Res Newslett 1996;15(1):7.

[11] He ZH, Dong HT, Cheng SJ, et al. Molecular cloning of differentially
expressed novel rice genes induced by Magnaporthe grisea. Chinese
Sci Bull 1997;42(2):1748–9.

[12] Le QH, Wright S, Yu Z, et al. Transposon diversity in Arabidopsis

thaliana. Proc Natl Acad Sci USA 2000;97:7376–81.
[13] Grandbastien MA. Activation of plant retrotransposons under stress

conditions. Plants Sci 1998;3:181–7.
[14] Pouteau S, Boccara M, Grandblastien MA, et al. Microbial elicitors

of plant defense response activate transcription of a retrotransposon.
Plant J 1994;5:535–42.

[15] Hirochika H. Activation of tobacco retrotransposons during tissue
culture. EMBO J 1993;12:2521–8.

[16] Melayah D, Bonnivard E, Chalhoub B, et al. The mobility of the
tobacco Tnt1 retrotransposon correlates with its transcriptional
activation by fungal factors. Plant J 2001;28(2):159–68.

[17] Walker EL, Robbins TP, Bureau TE, et al. Transposon-mediated
chromosomal rearrangements and gene duplications in the formation
of the maize R-r complex. EMBO J 1995;14(10):2350–63.

[18] Fedoroff N. Transposons and genome evolution in plants. Proc Natl
Acad Sci USA 2000;97(13):7002–7.

[19] Raskina O, Belyayev A, Nevo E. Activity of the En/Spm-like
transposons in meiosis as a base for chromosome repatterning in a
small, isolated, peripheral population of Aegilops speltoides Tausch.
Chromosome Res 2004;12(2):153–61.

[20] Shi XR, Li Q, He ZH. Stress-induced Rim2/Hipa pseudogene of rice
exhibits alternative tailing and splicing during transcription. J Plant
Physiol Mol Biol 2005;31(6):607–14.

[21] Sunkar R, Girke T, Zhu JK. Identification and characterization of
endogenous small interfering RNAs from rice. Nucleic Acids Res
2005;33(14):4443–54.

[22] Kato M, Miura A, Bender J, et al. Role of CG and non-CG
methylation in immobilization of transposons in Arabidopsis. Curr
Biol 2003;13(5):421–6.

[23] Rabinowicz PD, Palmer LE, May BP, et al. Genes and transposons
are differentially methylated in plants, but not in mammals. Genome
Res 2003(13):2658–64.

[24] Miura A, Yonebayashi S, Watanabe K, et al. Mobilization of
transposons by a mutation abolishing full DNA methylation in
Arabidopsis. Nature 2001;411(6834):212–4.

[25] Kwon SJ, Park KC, Kim JH, et al. Rim2/Hipa CACTA transposon
display, a new genetic marker technique in Oryza species. BMC
Genet 2005;6(1):15.

[26] Kwon SJ, Hong SW, Son JH, et al. CACTA and MITE transposon
distributions on a genetic map of rice using F15 RILs derived from
Milyang 23 and Gihobyeo hybrids. Mol Cells 2006;21(3):360–6.

[27] Kwon SJ, Lee JK, Hong SW, et al. Genetic diversity and phylogenetic
relationship in AA Oryza species as revealed by Rim2/Hipa CACTA
transposon display. Genes Genet Syst 2006;81(2):93–101.

[28] Lee JK, Park JY, Kim JH, et al. Genetic mapping of the Isaac-
CACTA transposon in maize. Theor Appl Genet
2006;113(1):16–22.

[29] Lee JK, Kwon SJ, Park KC, et al. Isaac-CACTA transposons: new
genetic markers in maize and sorghum. Genome 2005;48(3):455–60.

P. Tian, Z. He / Progress in Natural Science 18 (2008) 375–379 379


