
Beta vulgaris Artemisia absinthium Tragopogon porrifolius Lycopersicum sculentum 

Solanum tuberosum Lens culinaris Vicia sativa Cicer arietinum 

Oryza sativa Setaria italica Gnetum gnemon Ginkgo biloba 

Functional element Putative function Armeria pungens pop. no. 4703 
A. pungens x A. macrophylla 

pop. no. 4702 
 

Armeria macrophylla pop. no. 4701 
 

    Ind. 9.1 Ind. 10.2 Ind. 2.1 Ind 1.1 Ind 1.0 Ind. 7.1 
    clone A5 clone D2 clone D6 clone D9 clone A28 clone A2 cloneA 5 clone C10* clone C15* clone C9* 
TTS (CCCTCCC) Conserved transcription termination site 451-457 451-457 451-457 451-457 451-457 451-457 451-457 451-457 451-457   
    3508-3514 3508-3515 3508-3516 3508-3518 3508-3519 3508-3520 3508-3521       

    2284-2290       2284-2290 2284-2290 2284-2290       
TCTTTTACTTCCCTAATTAACT Pyrimidine rich sequence (IGS processing) 465-486 465-486 465-486 465-486 465-486 465-486 465-486 465-486 465-486   

TTS (AACTTCG) TTS in stem-loop 6415-6422 6415-6423 6415-6424 6415-6426 6415-6427 6415-6428 6415-6429 6415-6430 6415-6431 
6864-6871 

(AACTTTCG) 

    2706-2712                   

    3578-3584 3578-3585 3578-3586 3578-3588 3578-3589 3578-3590 3578-3591 3578-3592 3578-3593   
      3839-3845                 

TACTATAGGGGGGGTG 
TIS (Transcription initiation site) A as first 
transcribed nucleotide 

2324-2336       2324-2336 2324-2336 2324-2336       

    3543-3555 3543-3556 3543-3557 3543-3559 3543-3560 3543-3561 3543-3562       

TACTATAGGGGGGT 
TIS (Transcription initiation site) A as first 
transcribed nucleotide 

2977-2987                   

            2441-2451           
    3660-3670 3660-3671 3660-3672 3660-3674 3660-3675 3660-3676 3660-3677       

CpG Islands Regulatory regions 85-426 (342bp) 
87-457 
(371bp) 

86-455 (370bp) 89-455 (367bp) 
85-457 
(373bp) 

88-459 (372bp) 85-457 (373bp) 
58-432 
(375bp) 

51-459 
(409bp) 

406-1123 (718bp) 

    2634-2890 (257bp) 
1997-2254 

(258bp) 
2009-2272 (264bp) 

2060-2319 
(260bp) 

    
3486-3811 

(326bp) 
    1523-1737 (215bp) 

                
3850-4055 

(206bp) 
      

Size of the IGS sequence (genic regions excluded)  3785 3458 3686 3295 4795 4681 4288 1888 1756 2591 
GC content 49.03% 48.58% 48.51% 48.46% 50.93% 48.60% 51.52% 50.58% 50.63% 48.71% 

Results 

  From To Size Name Class Sim TE description TE size 

Armeria pungens 4703                 

clone A5 513 554 41 SABRINA3_TM_LTR LTR 0.8372 Triticum monococcum retrotransposon 1571 

  1705 1785 80 LTR-2_Mad-I LTR 0.7317 Malus domestica retrotransposon; nonautonomous 536 

 clone D9 1665 1762 97 LTR-2_Mad-I LTR 0.7172 Malus domestica retrotransposon; nonautonomous 536 

Armeria pungens x A. macrophylla 4702               

clone A28 513 554 41 SABRINA3_TM_LTR LTR 0.8372 Triticum monococcum retrotransposon 1571 

  1109 1202 93 LTR-2_Mad-I LTR 0.7283 Malus domestica retrotransposon; nonautonomous 536 

  1756 1842 86 Copia-10_ALY-I LTR/Copia 0.7558 Arabidopsis lyrata retrotransposon; internal portion 4429 

 clone A2 515 556 41 SABRINA3_TM_LTR LTR 0.8372 Triticum monococcum retrotransposon 1571 

  1109 1202 93 LTR-2_Mad-I LTR  0.7419 Malus domestica retrotransposon; nonautonomous 536 

Armeria macrophylla 4701                  

clone A5 513 554 41 SABRINA3_TM_LTR LTR 0.8372 Triticum monococcum retrotransposon 1571 

  1765 1851 86 Copia-10_ALY-I LTR/Copia 0.7558 Arabidopsis lyrata retrotransposon; internal portion 4429 

  2733 2814 81 TE2-2_CR Interspersed repeat 0.7792 A family of nonautonomous transposable elements - consensus sequence 764 

  4458 4518 60 Caulimovirus-9_ATr Caulimovirus 0.8103  Amborella trichopoda caulimovirus; caulimoviridae; integrated virus 7748 

clone C15 1108 1201 93 LTR-2_Mad-I LTR 0.7419 Malus domestica retrotransposon; nonautonomous 536 

  1688 1774 86 Copia-10_ALY-I LTR/Copia 0.7674 Arabidopsis lyrata retrotransposon; internal portion 4429 

clone  C10 486 527 41 SABRINA3_TM_LTR LTR 0.8372 Triticum monococcum retrotransposon 1571 

  948 1038 90 LTR-2_Mad-I LTR 0.7444 Malus domestica retrotransposon; nonautonomous 536 

  1527 1613 86 Copia-10_ALY-I LTR/Copia 0.7558 Arabidopsis lyrata retrotransposon; internal portion 4429 

  From To Size Name Class Sim TE description TE size 

Beta vulgaris 1538 1618 80 Gypsy-35_GR-LTR LTR/Gypsy 0.7887 Gossypium raimondii Gypsy LTR retrotransposon - consensus sequence 2901 

Artemisia absinthium 539 667 128 Sat-1_Mad Simple/Sat 0.8923 Malus domestica, satellite, simple repeat 454 

  999 1106 107 Sat-1_Mad Simple/Sat 0.8739 Malus domestica, satellite, simple repeat 454 

Tragopogon porrifolius 178 254 76 Copia-30_Pru-LTR LTR/Copia 0.7342 Prunus persica, Copia LTR retrotransoposon 200 

  1102 1147 45 Gypsy-78_PAb-LTR LTR/Gypsy 0.8043 Picea abies, Gypsy LTR retrotransposon 949 

  2757 2800 43 EnSpm-11_ZM DNA/EnSpm/CACTA 0.8182 Zea mays; EnSpm/CACTA DNA transposon 7926 

  3037 3074 37 MuDR-1_FV DNA/MuDR 0.8718 Fragaria vesca; MuDR; DNA transposon 2650 

Solanum tuberosum 192 243 51 Gypsy-22_AIp-I LTR/Gypsy 0.8148 Arachis ipaensis; Gypsy LTR retrotranspospon, internal portion 8329 

Lens culinaris 922 1079 157 MuDr6_MT DNA/MuDR 0.6522 Medicago truncatula; MuDR DNA transposon, nonautonomous 863 

  1092 1249 157 MuDr6_MT DNA/MuDR 0.6584 Medicago truncatula; MuDR DNA transposon, nonautonomous 863 

  1266 1396 130 MuDr6_MT DNA/MuDR 0.7557 Medicago truncatula; MuDR DNA transposon, nonautonomous 863 

  1585 1633 48 SZ-52_I LTR/Gypsy 0.8913 Oryza sativa; Gypsy LTR retrotransposon; internal portion 11615 

  2367 2454 87 RLG_scAngela_2_1-I LTR/Copia 0.7059 Saccharum hybrid cultivar, Copia LTR retrotransposon; internal portion 7653 

Vicia sativa 722 822 100 MuDr6_MT DNA/MuDR 0.6931 Medicago truncatula; MuDR DNA transposon, nonautonomous 863 

  936 994 58 MuDr6_MT DNA/MuDR 0.7458 Medicago truncatula; MuDR DNA transposon, nonautonomous 863 

  1109 1167 58 MuDr6_MT DNA/MuDR 0.7288 Medicago truncatula; MuDR DNA transposon, nonautonomous 863 

  1411 1683 272 MuDr6_MT DNA/MuDR 0.6716 Medicago truncatula; MuDR DNA transposon, nonautonomous 863 

Cicer arietinum 247 330 83 ATHILA7LTR LTR/Gypsy 0.7037 Arabidopsis thaliana; Gypsy LTR retrotransposon (ATHILA7 endogenous retrovirus) 1427 

Oryza sativa 236 337 101 LTR-17B_OS-LTR LTR 0.7347 Oryza sativa; LTR retrotransposon, nonautonomous, interspersed repeat 3343 

  1693 2076 383 MERMITE18D DNA 0.6713 Oryza sativa; DNA transposon, nonautonomous 1491 

Setaria italica 543 618 75 Copia-22_BRa-I LTR/Copia 0.7051 Brassica rapa; LTR retrotransposon; internal portion 4411 

  1745 1860 115 L1-2_VC NonLTR/L1 0.7281 Volvox carteri; Non-LTR retrotransposon 8021 

Ginkgo biloba 2080 2224 144 Sat-1_Mad Simple/Sat 0.8435 Malus domestica, satellite, simple repeat 454 

  2806 2863 57 Gypsy-11_ATr-I LTR/Gypsy 0.8103 Amborella trichopoda; Gypsy LTR retrotransposon; internal portion  10176 

  3704 3797 93 Copia-47_JC-I LTR/Copia 0.7053 Jathropa curcas; Copia LTR retrotransposon; internal portion 4459 

  5217 5288 71 HARB-10_SBi DNA/Harbinger 0.7671 Sorghum bicolor; Harbinger DNA transposon; consensus 5934 

The hybridizing genus Armeria. Armeria Willd. is a genus of flowering plants belonging to family Plumbaginaceae. The genus counts over a hundred species mostly native to the Mediterranean area, although there are some exceptions such as Armeria maritima 

Willd. (Figure 1), which is distributed along the coasts of the Northern Hemisphere, including the British Isles. Armeria pungens (Link) Hoffmanns. & Link (Figure 2), is a perennial shrub that grows on sandy maritime dunes (exceptionally on sandy soils over limestone 

maritime cliffs) with a main geographical distribution (Figure 3) along a 500 km coastal stripe in southwest Iberia, from the mouth of river Tajo to the Gibraltar strait. It also occurs on continental islands: in the Atlantic, on the Cíes Islands (offshore Galician coast, 

Northern Spain), and in the Mediterranean, on South Corsica and North Sardinia. Armeria pungens grows forming small shrubs, reaching heights of about 80 cm. The stems are lignified at the base, robust and highly branched. Leaves are glabrous, linear to lanceolate, 

pointed, about 60 - 150 mm long and about 1 - 3.5 mm wide. Flower heads are pale pink, gathered in globular inflorescences at the top of long pedicels. The flowering period extends from May through July. 

Introduction 

Consequences of hybridization processes in the intergenic spacer of 
ribosomal DNA in Armeria (Plumbaginaceae) 

Sònia Garcia1, Guillermo Alegre1, Teresa Garnatje1, Aleš Kovařík2, Sònia Valle1, Gonzalo Nieto-Feliner3 
 

1 Institut Botànic de Barcelona (CSIC-ICUB). Passeig del Migdia s/n 08038 Barcelona, Catalonia, Spain. 2 Institute of Biophysics, Academy of Sciences of the Czech Republic. Kralovopolská 135, 61265 Brno, Czech Republic.  
3 Real Jardín Botánico de Madrid (CSIC). Plaza de Murillo, 2, 28014 Madrid, Spain. 

Figure 4. Armeria macrophylla 
http://floravicentina.com/Index.asp?p=172 Figure 1. Armeria maritima  © Hugo.arg. Wikimmedia commons 

Taxonomic boundaries within Armeria are sometimes difficult 

to establish because of frequent hybridization, even between 

phylogenetically distant species. However, all taxonomic 

treatments of this genus have recognized Armeria pungens as a 

distinct species with a disjunct distribution pattern. 

Nevertheless, this species sometimes has found hybridizing or 

introgressed with some of its congeners such as Armeria 

macrophylla Boiss. & Reut  (Figure 4). 

Transposable elements (TEs) and hybridization. Interspecific hybridization is a genomic stressor that can disrupt the stability of transposable elements (TEs) probably contributing to a relaxation of the mechanisms controlling them. The most numerous and best-

documented cases of TE mobilization after interspecific hybridization have been reported in plants. Plant genomes are massively invaded by TEs, many of which are located near host genes and can thus impact gene expression. In flowering plants, TE expression can 

be activated under certain stressful conditions, both biotic and abiotic, as well as by genomic stress caused by hybridization. The intergenic spacer (IGS) is the region of non-coding DNA between the rRNA genes. Variability in the IGS can cause heterogeneity in rDNA 

repeat length among members of the same genus or species. Suggestions have been made that these subrepetitive elements arose from transposition events since they show some similarities with transposons. It appears that the subrepeats are hotspots for 

recombination and that by increasing exchanges in the rDNA regions they promote rDNA repeat length variation.  

The specific objectives of this project are: 

 To compare IGS sequence between parental populations (A. pungens and A. macrophylla) and the putative hybrid (A. pungens introgressed with A. macrophylla – as chloroplast genome donor) and look for the occurrence of TE or TE fragments  

 To check if these occurrences or different patterns of repetitive DNA can be related with processes of introgression 

 To compare IGS structure of Armeria taxa with other IGSs of other plant species 

 

METHODS. DNA extraction. Total genomic DNA was isolated from fresh leaves using either the DNAeasyTM Plant Minikit (Qiagen, Hilden, Germany) following the manufacturer’s instructions. Southern blot hybridisation. This was performed for an initial exploration of the IGS sizes. Purified genomic DNA was be digested with appropriate restriction 
enzymes and hybridised with 26S and 18S rDNA probes. After digestion, genomic DNA was separated by electrophoresis on a 0.9% (w/v) agarose gel. The gels were alkali blotted onto Hybond-XL membranes (GE Healthcare) and hybridised with labelled rDNA probes. DNA amplification and cloning. The IGS region was amplified with a pair of universal 
primers for plant ribosomal DNA, the 26SF and the 18SR. Long PCR were performed in 25 µl aliquots, containing approx. 2.5 ng of genomic DNA, 0.5 mM of each primer, 2.5 mM MgCl2, 2mM Tris–HCl (pH 8.0), 5 mM KCl, 0.0001 % bovine serum albumin (BSA), 250 mM dNTPs and 2.5 U of Taq DNA polymerase (TaKaRa EX TaqTM, Takara Biotechnology Inc.). 
The PCR program was: 94ºC for 1 min; 30x (98ºC for 10 s; 55ºC for 30 s; 72ºC for 6.5 min); 72ºC for 10 min; stored at 12ºC until the end. Fragments were excised and gel-purified using the S.N.A.P. TM UV-Free gel purification kit (Invitrogen, Paisley, UK). The purified PCR fragments were cloned into the PCR-XL-TOPO (TA Cloning Kit, Invitrogen) according to 
the manufacturer’s instructions. Chemically competent Escherichia coli TOP 10 cells (Invitrogen) were transformed, and plasmid extractions from recombinant clones were performed using a REAL Miniprep Turbo Kit (REAL Durviz SL, Valencia, Spain). Sequencing. A single purified plasmid for each IGS length variant was sequenced using an ABI 3100 Genetic 
Analyser using the ABI BigDyeTM Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA, USA). DNA sequencing was initially performed using vector-specific primers (M13F and M13R). Due to the large size of the fragment to be sequenced (6 kb approx.) a primer walking strategy had to be used to proceed further with the 
sequencing of the full fragment. To determine the repetitive regions and designing the new primers, the YASS genomic similarity search tool (http://bioinfo.lifl.fr/yass/) and the Primer3Plus (http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi) programs were used, respectively. The new primers were the used for continuing the sequencing 
and then the designing-sequencing pattern continues until the entire unknown region has been stepped through. In order to reduce the number of steps and time, the fragment was sequenced starting from both sides of the IGS region. The sequencing was carried out at the Centres Científics i Tecnològics (CCiTUB) of the Parc Científic de Barcelona 
(Universitat de Barcelona) on an ABI PRISM 3700 DNA analyzer (PE Biosystems, Foster City, California, USA). Sequence analysis. The IGS sequences obtained from Armeria pungens, introgressed Armeria pungens, and Armeria macrophylla were reconstructed and aligned using  BioEdit and CLUSTAL X ver. 1.83 (Thompson et al. 1997), with the standard 
parameters suggested in the program. Repeats and motifs were identified using the online tool Giri-CENSOR (http://www.girinst.org/censor/).  Genome size estimation. Flow cytometry was used to estimate the nuclear DNA contents using an Epics XL flow cytometer.  Fresh leaf tissue from each specimen was chopped with the appropriate internal 
standard and isolation buffer and the samples were filtered. The homogenates were stained with propidium iodide. The resulting histograms were  analysed to assess genome sizes.  
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  Population 2C (pg) SD Average 

Armeria macrophylla 4701 8.82 0.3 8.65 

  4725 8.48 0.23   

Armeria macrophylla x Armeria pungens 4702 8.58 0.38 8.78 

  4724 8.97 0.21   

Armeria pungens 4703 8.38 0.03 8.4 

  4723 8.42 0.23   

Table 1. Putative functional sequences and sequence characteristics of the intergenic spacers. (*) Likely pseudogenes since important regulatory sequences are missing. 

Figure 6. Pictures of the three studied taxa in the greenhouse of the RJB Madrid and YASS dot-plots obtained from Armeria IGS clones. YASS is a 
genomic similarity tool for DNA/RNA sequences producing local pairwise alignments (http://bioinfo.lifl.fr/yass/). Green segments represent 
alignments of forward reads and red segments correspond to alignments between the reverse complement and the forward read of the same 
sequence. (*) Likely pseudogenes. The plots with blue background have been used to schematically draw the IGS sequences in Figure 5. 

* * * 

Armeria pungens (4703): clones  D2, D6, D10, A5 

Armeria pungens x Armeria macrophylla (4702): clones  A2, A28 

Armeria macrophylla (4701) : clones  C10, C15, C9, A5 

At present, our results indicate that (1) most of the cloned IGS are probably functional since they hold putative functional sequences (Table 1); (2) as in most angiosperms, the IGS is highly repetitive (Figures 5, 6 and 7); (3) according to Southern blot experiments 
(Figure 8), the size of the rDNA unit is fairly homogeneous within an individual, between populations and between the studied taxa, and the size of the whole rDNA unit (around 10 kb) is consistent with sizes typically found in angiosperms; (4) the IGS sequence of the 
hybrid is much more closely related to the chloroplast genome donor (A. macrophylla): their sequence is shared in 85% while it is only 56% identical to A. pungens (Figures 5 and 6); (5) genome sizes (Table 2) are consistent with previously assessed Armeria species 
and again, the measurement of the hybrid is closer to that of the maternal genome donor (A. macrophylla); (6) there are short DNA fragments with high similarity with TE (mainly derived from LTR retrotransposons, Table 3), as found in other angiosperm IGS 
sequences (Table 4), but these fragments are not significantly different between the parental Armeria species and the hybrid, so it seems that the introgression process is not related with any change in TE composition at the IGS level. More analyses are being 
conducted in additional populations to support these findings.  

Figure 5. Schematic representation of the IGS sequences of the studied taxa. SR= subrepetitive regions. SRI and SRII are composed of repeats of 
about 30 bp, while repeats in SRII are longer (50-100 bp). Vertical lines indicate regulatory sequences. 

Table 2. Genome sizes of the studied populations.  

Figure 8. Southern blot hybridization of 
Armeria genomic DNAs showing 
homogeneous size of rDNA unit. A. 
macrophylla (4701, 4725); A. pungens 
(4703, 4723); hybrid (4702, 4724).  

Figure 7. YASS dot-plots from IGS of other plant species, ordered from more 
(top left) to less (bottom down) phylogenetic relatedness to Armeria. 

Table 3. Results of the screening of repetitive elements obtained with CENSOR for the studied Armeria taxa. CENSOR 
(http://www.girinst.org/censor/) is a software tool which screens query sequences against a reference collection of repeats and 
masks homologous portions with masking symbols, as well as generates a report classifying all repeats found. 
 

Table 4. Results of the screening of repetitve elements including TEs obtained with 
CENSOR for other plant species 
 

A. pungens 

Hybrid 

A. macrophylla 

Figure 2. Armeria pungens Figure 3. Distribution map of  Armeria pungens 

26S 18S SRI SRII SRIII 

26S 18S SRI SRII SRIII 

26S 18S SRI SRII SRIII 

Armeria pungens 
based on clone A5 

Armeria pungens  
x Armeria macrophylla 
based on clone A28 

Armeria macrophylla 
based on clone A5 
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