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Hidden inheritance: 

defence against stress

STRESS



? What will be the new stressor?

? How to select the best genotype without 

reducing genetic diversity? 

? Is it possible to find molecular markers 

for selection of plants with increased 

adaptability? 



Transposable elements are drivers of genome evolution

& dynamic change
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Retrotransposons influence expression of 

important genes
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insertional polymorphism as a tool of marker systems for molecular plant breeding. Mol. Biol. Rep. 47. 

doi:10.1007/s11033-020-05365-y.

MITEs short non-autonomous transposable elements 

that are often found populated in genes



TE could form stress -responsive gene 

networks

Feschotte et al. 

2008 



http://www.genome.duke.edu/research/highlights/environmental/forestry-genomics.php

*Under stringent conditions (99% identical), only 24% of the P.taeda genome was estimated to be 

repetitive, while under more permissive conditions (75% identical), 80% of the genome was estimated to 

be  repetitive (Kovach et al. 2010). 

Genome expanded by the prolifiration of TEs 



Mobile genetic elements in the genomes of 

gymnosperms

Figure 2. Conifer genomes contain expansions of a diverse set of LTR-RTs.

Distribution of different classes of transposable elements from six gymnosperm species. The figure is based on the total 

fraction of transposable elements (TE) identified and grouped into different classes from the different species. Genome sizes 

of the six species are given in circles and their phylogenetic relationship is shown, with tentative dating of divergence times 

(x-axis) based on 64 chloroplast genes over 39 species and five fossil calibration points. (Nystedt et al. 2013). 



Retrotransposons expression 



CNVs among eight Scots pine tree genomes

Voronova, A., Belevich, V., Korica, A., and Rungis, D. (2017). Retrotransposondistribution and copy numbervariation in

gymnospermgenomes. TreeGenet. Genomes13. doi:10.1007/s11295-017-1165-5.



Aim of the study

Å analyze the distribution of TEs in genes and gene-flanking regions in the 

available pine reference genomes (Pinus taeda and Pinus lambertiana). 

Å explore the possibility of transferring this information to non-model pine

species (P. sylvestris) genome studies. 

Å evaluate if the distribution of TEs in gene regions is random regarding different 

gene regions (e.g. flanks or introns).

Åwhether genes containing similar TE families are involved in similar processes.

Å whether found TEs contain potential gene regulatory motifs. 



Overview of analysis workflow



Pinus taeda/ P. lambertiana/ P.sylvestris

Pinus taeda v.2.01: 6,58 GB; 36 730 genes; 2.9 million contings

Pinus taeda v.1.0: 16.5 million contings

1 scaffold=1gene +ñnon-codingò sequences

Pinus lambertiana v.1.0.: HQ genes-8 779; LQ genes- 71 167

Pinus sylvestris unannotated scaff ( no repeats, 12 737 exons, from them 

2021 -whole contig)



LTR TE c

Nested repeats 

TE db (19 700Ÿ15 622, length from 257 to 35 042 bp) 

Total CPU time for clustering 126419.09

Predicted LTR db (24 591-- 9 659) Total CPU time 1515.90

LTR TE a

LTR TE b

TE1

TE2



Full-length or only a part-?
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LTR/internal sequence ratio RE name >70% qq >80%qq >90%qq

Common distribution 

within introns

IFG7_I 0,45 0,14 0,13internal

IFG-7a_PTa-I 0,36 0,09 0,02internal

PtAppalachian_I 2,47 2,31 2,07full length

PtPineywoods_I 3,33 2,80 0,48single LTR/full length

IFG7_I 2,49 3,08 3,81single LTR/full length

IFG-7a_PTa-I 2,29 2,66 2,35full length

PtAngelina_I 3,60 4,33 13,00single LTR

PtAppalachian_I 2,47 2,19 1,88full length

PtBastrop_I 2,60 2,60 3,33single LTR/full length

PtCumberland_I 0,80 0,77 0,86internal

PtOuachita_I 1,25 -  - internal

PtPineywoods_I 2,82 1,91 0,20full length

P.lambertiana v.1.01. HQ genes

P.taeda v.2.  genes



Giga-genome & repetitive transposable

element analysis

ü Nature of conifer genomes-large, full of divergent repetitive sequences, 

pseudogenes and gene families;

ü Different research groups apply different workflow&quality indicators for 

the assembly & annotations; 

ü Two versions of P.taeda genome contain TEs with differing structure due 

to the technical (conting length) differencies.

ü Automated annotation results in overestimated TE families nb., nested 

repeats

ü Short-read sequencing &assembly did not allowed for correct TE 

assembly, contings are ending in the repeats

ü Gene annotation files (genomic coordinates of a gene) could contain 

errors;

ü Based on sequence simmilarity with known plant genes only 50% of

genes could be annotated.



New strategy: 

searching for the short TE derived repeats

CD-

HIT

24 591

9 659 

0.1ï2 

kb 

9 107 

Not only 

LTRs!!!
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Analysis of flanking gene regions



How LTRs are distributed regarding proximity to genes?

genes



How LTRs are distributed regarding proximity to genes?



Alignment of P.taeda (PITA) and P.lambertiana (PILA) consensus 

sequences with predicted plant cis-acting regulatory elements

ARR1AT- pita - 10; pila - 7;

CAATBOX1- 4; 2; 

DOFCOREZM- 4; 5; 

GT1CONSENSUS - 3; 3 



MITE3321 family distribution among gene regions



P.taeda v.2.0 and P.lambertiana v.1.01 genes containing 

several MITE3321 insertions.



DNA transposon 184DTX found in important stress-

responsive gene introns

NPR1 (Nonexpresser of Pathogenesis-related proteins-1);

histone-binding PHD1 finger protein ALFIN-like 4 coding gene;

COPII-coated ER to Golgi transport vehicle SNARE-like 13 gene

eukaryotic translation initiation complex 2B 

PSMD4, a 26S proteasome non-ATPase regulatory subunit gene 



DNA transposon 184DTX could form mature microRNA 

and contain microRNA target site

ÅStart Position : 48

ÅEnd Position : 147

ÅSequence Size : 100 nucleotides

ÅMinimum Free Energy : -37 kcal/mol
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IFG retrotransposon 

Three homologous protein kinase genes with IFG insertions were identified: 

plastidial pyruvate kinase coding gene, PTI1-like tyrosine protein kinase 

gene, and putative receptor-like protein kinase gene. 




