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ANALYSIS OF THE ROLE OF MITOCHONDRIAL PENTATRICOPEPTIDE REPEAT (PPR) PROTEIN 
AT3G22670 DURING EMBRYOGENESIS IN ARABIDOPSIS PLANTS 
Corinne Best1, Michal Zmudjak2, Oren Osterzetser-Biran2 
1Plant and Environmental Science, The Hebrew University of Jerusalem, Jerusalem, Israel, 
2Plant and Environmental Sciences, Alexander Silberman Institute of Life Sciences, 
Jerusalem, Israel 
 
Mitochondria are found in nearly all eukaryotic cells, and serve as key sites for energy 
metabolism within eukaryotic cells. As descendants of free-leaving bacteria, mitochondria 
contain their own genetic system (i.e., the mtDNA) with intrinsic transcription and translation 
machineries. The mtDNA encodes a small number of genes which are essential for respiration-
mediated activities. 
In plants, the expression of the mtDNA is highly complex and involves numerous RNA 
processing events, including editing, trimming and the splicing of group II-type introns. These 
activities are facilitated by a large number of nuclear-encoded RNA-binding cofactors. PPR 
(pentatricopeptide repeat) proteins are a large family of RNA-binding proteins, characterized 
by tandem repeats of a 35 amino acid motif. PPRs comprises one of the largest gene-families 
in plants (>450 in angiosperms), where the vast majority of their products are predicted to the 
mitochondria. All characterized PPR proteins are involved in RNA metabolism.  These include 
group II introns splicing, editing, RNA processing and translation. 
In this work, we focus on analyzing the roles of a P (pure)-subclass of PPR proteins (P-PPRs), 
which are localize to mitochondria in plants and are therefore expected to carry important 
roles in mitochondrial gene-expression. For this purpose, we obtain different mutants in P-
class PPR proteins and establish homozygotes plants. Our preliminary data indicate that many 
of P-PPR genes carry functions that are critical during embryo-development. To overcome this 
obstacle, we have used and further developed pioneering approach based on embryo-rescue 
of early-developing embryo tissues, that allowed us to establish the roles of essential PPR 
factors in RNA metabolism and mitochondria gene-expression. This way we achieved a RNA 
profile on the two P-PPR proteins At3g22670 and At5g20090 witch strongly implies a splicing 
factor activity.      
  



TOWARDS IN VIVO MONITORING OF THIOREDOXIN REDOX DYNAMICS IN PLANTS: 
CHARACTERISATION OF A NOVEL RFP-BASED FLUORESCENT SENSOR PROTEIN TO DISSECT 
MITOCHONDRIAL REDOX REGULATION 
Finja Bohle1, Anna-Lena Falz1, Philippe Fuchs2,3, Andreas Meyer2, Markus Schwarzländer3, 
Stefanie Müller-Schüssele1 
1Plant Cell Dynamics, Chemical Signalling, Inres, Bonn, Germany, 2Chemical Signalling, Inres, 
Bonn, Germany, 3Plant Energy Biology, Ibbp, Münster, Germany 
 
Plant organelles need to respond rapidly to changes in their environment to avoid metabolic 
impairment and cell damage. Changes, such as light flecks or rehydration after drought, can 
occur rapidly within time windows of milliseconds to minutes. Then direct regulation of 
protein function acts as an early response before more long term changes in gene expression 
can be mounted. 
Redox regulation by cysteine-based redox switches plays a prominent role in rapid and direct 
adjustment of organelle metabolism. While thioredoxins have been known as switch 
operators in the regulation of chloroplast carbon metabolism for decades, a similarly central 
role in coordinating mitochondrial function is currently emerging. Proteins of the TCA cycle, 
like citrate synthase (CS) and fumarase, have been suggested to be regulated by thiol/disulfide 
exchange. Yet, how thioredoxins themselves are regulated is poorly understood. One reason 
is that redox dynamics occur rapidly and physiologically meaningful information is lost by most 
extraction procedures. 
In vivo monitoring of glutathione redox potential and H2O2 levels by fluorescent protein 
sensors has provided major advances to our understanding of how redox regulation works. 
Yet a suitable sensor for thioredoxins has been lacking. Recently, the thioredoxin redox state 
was measured in animal cells using a genetically encoded biosensor based on a fusion of a 
human Trx to redox sensitive RFP (Trx-RFP1) (Fan et al., 2017). Here, we test the function, 
stability and performance of Trx-RFP1 in plant systems. Live sensing of thioredoxin redox state 
in subcellular compartments of plants would provide novel depth to our understanding of 
redox dynamics and metabolic regulation in the context of the plastic acclimation of plants to 
their environments. 
  



PREDICTION OF NEW TRANSCRIPTION FACTORS INVOLVED IN RETROGRADE REGULATION 
OF OXIDATIVE STRESS RESPONSES THROUGH INTEGRATIVE INFERENCE OF GENE 
REGULATORY NETWORKS 
Inge De Clercq1,2, Jan Van de Velde1,2,3, Xiaopeng Luo1,2, Robin Pottie1,2,  
Dries Vaneechoutte1,2,3, Frank Van Breusegem1,2, Klaas Vandepoele1,2,3 
1Ghent University, Department of Plant Biotechnology and Bioinformatics, Ghent University, 
Ghent, Belgium, 2Vib Center for Plant Systems Biology, Ghent University, Ghent, Belgium, 
3Bioinformatics Institute Ghent, Ghent University, Ghent, Belgium 
 
A role for energy organelles in stress sensing and signaling is becoming increasingly evident. 
Upon disturbance of their function by stress, energy-organelles can signal to the nucleus to 
steer the expression of responsive genes. This organelle-to-nucleus communication is referred 
to as retrograde signaling and is often initiated by the increased organellar ROS production. 
We have previously identified the first transcription factors (TF) that mediate the downstream 
transcriptional retrograde responses. Here, we unravel the regulatory lexicon of Arabidopsis 
through the systematic processing of regulatory datasets comprising ChIP-Seq, protein-
binding microarrays, chromatin modification data, RNA-Seq data and the delineation of 
conserved TF binding sites. Through the integration of different experimental and 
computational input networks using a supervised learning approach we constructed a gene 
regulatory network (GRN) covering 1,491 TFs and 31,393 target genes (1.7M interactions). We 
show that this integrated GRN (called iGRN) outperforms all input networks in terms of 
sensitivity and specificity to predict known regulatory interactions. iGRN has similar 
performance to recover known functional regulatory interactions compared to experimental 
methods like Y1H and ChIP. Through the analysis of the predicted target genes for different 
TFs, we are able to predict new TFs involved in oxidative stress signaling in response to 
increased ROS produced by the mitochondria, chloroplasts or the peroxisomes. We discuss 
these TFs in light of their potential role in retrograde signaling of oxidative stress responses. 
In conclusion, the presented iGRN offers a high-quality starting point that integrates different 
functional omics data sets at the network level to enhance our understanding of gene 
regulation of plant stress responses. 
  



LACTUCA SP. MITOCHONDRIAL GENOME DIVERSITY 
Arnaud Fertet1, Bas van Hoewijk2, Stéfanie Graindorge1, Sandrine Koechler1,  
Emilie Guilloteau-Fonteny2, José M. Gualberto1 
1Ibmp Cnrs, Université De Strasbourg, Strasbourg, France, 2Enza Zaden, Research and 
Development b.v., Enkhuizen, The Netherlands 
 
Lettuce (Lactuca sativa) is one of the top ten most valuable crops in the world. However, 
despite its agronomic interest and even if its plastid DNA sequence is known for more than 10 
years and its nuclear genome recently published the mitochondrial genome sequence remains 
unknown. 
To right this wrong, lettuce mitochondria were isolated from etiolated seedlings on percoll 
gradients and the purified mtDNA was subjected to both Pacbio SMRT and Illumina MiSeq 
paired-end sequencing. Pacbio reads were assembled into 3 mitochondrial contigs 
(177,077bp, 90,502bp & 73,475 bp respectively) and gaps were filled by using Illumina 
contigs, joining all contigs into a single master circle of 363 kb. This mtDNA organisation was 
confirmed by PCR across contig borders. In the genome, we identified 31 protein genes, 15 
tRNA genes, the 3 rRNA genes and 39 repeated sequences (9>500 bp and 30>50 bp).  
To better understand at the intra/inter-specific levels how the mtDNA of cultivated L. 
sativaevolved we also sequenced the mtDNA of several accessions from two wild Lactuca 
species: L. serriola and L. saligna. The sequences comparisons allowed us to better 
understand the processes involved in the evolution of the Lactuca Sp. mtDNA.  
Furthermore, the complete lettuce mtDNA sequence allowed us to study a mutant affected 
in the expression of a mitochondrial helicase involved in the maintenance of the mtDNA. We 
found that the mutation results in a severe phenotype (dwarf plants able to grow but unable 
to develop) that correlates with dramatic changes in the stoichiometry of different mtDNA 
regions. These are the consequence of recombination processes that lead to the virtual loss 
of several mtDNA genes, explaining the severity of the mutant phenotype. 
  



MANIPULATING THE MITOCHONDRIAL GENOME OF TOBACCO USING TALENS 
Joachim Forner, Ralph Bock 
Organelle Biology, Max Planck Institute of Molecular Plant Physiology, Potsdam, Germany 
 
Engineered site-specific DNA endonucleases like the CRISPR/Cas9 system have revolutionized 
genome editing in the last decade. In the nucleus, these endonucleases enable creating null 
alleles of practically any given gene with ease. They induce targeted DNA double-strand 
breaks, which are mostly repaired by non-homologous end joining (NHEJ). This usually creates 
small insertions or deletions (indels) around the cutting site, thus inactivating the targeted 
gene. 
Since up to date mitochondria cannot be transformed, CRISPR/Cas9 cannot be used to 
manipulate the mitochondrial genome due to the difficulties of importing sgRNAs transcribed 
in the nucleus. Transcription activator like effector nucleases (TALENs), however, do not suffer 
from the same constraint. They are exclusively protein-based and can thus be easily imported 
into mitochondria after being synthesized in the cytoplasm of nuclear transgenic cells. 
We created stably transformed Nicotiana tabacum lines that express TALENs equipped with a 
mitochondrial presequence from the nucleus. These TALENs target the nad9 coding sequence 
in the mitochondria. Indeed, mitochondrial genomes cut at the predicted site were detected. 
However, these double-strand breaks are not mutagenic since no mutant alleles with small 
indels around the cutting site were recovered. Nevertheless, TALEN activity seems to be able 
to shift alleles with spontaneous mutations in the TALEN binding site very quickly to 
homoplasmy, thus allowing the selective amplification of naturally present mutant alleles. 
  



THE ROLE OF CALCIUM IN THE REGULATION OF MITOCHONDRIAL FUNCTION 
Maya Giridhar1, Fatima Chigri2, Ute C. Vothknecht2 
1Institute of Cellular and Molecular Botany (Izmb), University of Bonn, Bonn, Germany, 
2Department of Cell Biology, Institute of Cellular and Molecular Botany, Bonn, Germany 
 
Calcium signalling is involved in many developmental processes and especially important in 
response to biotic and abiotic stress. Calcium elevations, generated inside the plant cells in 
response to stress, activate the signalling network, which comprises a set of Calcium sensor 
proteins such as Calmodulin (CaM), Calmodulin-like proteins (CML), Calcineurin B-like proteins 
(CBLs) and Calcium dependent protein kinases (CDPK). Recent studies have revealed that plant 
mitochondria and chloroplasts evoke their own specific Calcium signals. However, very little 
is known about the role of Calcium signalling for mitochondrial function. Previous studies have 
shown that Calcium/CaM affects protein import into plant mitochondria. It was further shown 
that CaM can bind to a component of translocon on the outer membrane of mitochondria 
(TOM9.2) in vitro and that in the isolated wild-type mitochondria CaM impairs the assembly 
of TOM complex. The Rieske iron sulphur protein (RISP), was also identified as a potential 
CaM-binding protein in plant mitochondria. RISP contains a 2Fe-2S cluster and is a catalytic 
subunit of the cytochrome-bc1 complex of the mitochondrial respiratory chain. We are 
therefore studying RISP as a potential target of the mitochondrial CML30 and two further 
potentially mitochondrial CMLS, CML37 and CML38. To that end, the topology of RISP and the 
exact subcellular localization of these CMLs are elucidated.   
  



MITOCHONDRIAL MEMBRANE POTENTIAL AS AN INDICATOR OF DICLOFENAC TOXICITY 
TOWARDS UNICELLULAR GREEN ALGA CHLAMYDOMONAS REINHARDTII 
Darya Harshkova1, Elżbieta Zielińska1, Małgorzata Kapusta2, Anna Aksmann1 
1Department of Plant Physiology and Biotechnology, University of Gdansk, Faculty of 
Biology, Gdansk, Poland, 2Department of Plant Cytology and Embryology, University of 
Gdansk, Faculty of Biology, Gdansk, Poland 
 
The pharmaceutical industry has been one of the best-growing sectors of the economy for 
years and non-steroidal anti-inflammatory drugs (NSAIDs), such as diclofenac (DF), belong to 
the most commonly used pharmaceuticals. The concentrations of these substances recorded 
in the environment constantly increase and their influence on non-target organisms, including 
plants and algae, becomes an emerging concern. 
Mitochondrial membrane potential (MMP) is one of the basic indicators used for in vivo 
assessment of cytotoxicity of chemical compounds towards animal cells. To monitor changes 
in MMP, fluorescent dyes such as JC-1 are used. Many protocols for JC-1 used in experiments 
with animal cells are currently available but the application of this dye to plant cells can be 
hindered by the presence of a cell wall, which is a potential barrier for dye molecules, and 
chlorophyll, which exhibits autofluorescence.   
The aim of our study was to optimize the method of measuring changes in MMP in the cells 
of model green algae Chlamydomonas reinhardtii subjected to DF-induced stress. The most 
favourable conditions of cells incubation with JC-1 were established and the JC-1 excitation-
emission characteristics was analysed to optimise the measurements for cells suspension in 
the microplate reader. Fluorescence microscopy was used to visualize JC-1 signal inside the 
cells. 
The obtained results confirm that the developed protocol is suitable for Chlamydomonas 
reinhardtii. The tendency of MMP to decrease in DF-treated cells indicates that this parameter 
can serve as an indicator of the pharmaceutical toxicity towards unicellular green algae 
Chlamydomonas reinhardtii. Based on the results it can be suggested that analysis of MMP 
changes is valuable tool for estimation of NSAIDs impact on plant and algal cells. 
This work was supported by the National Science Center, Poland [grant UMO-
2016/23/B/NZ9/00963]. 
  



RPF3 AND RPF6 ARE INVOLVED IN 5‘ MATURATION OF CCMC MRNA IN MITOCHONDRIA OF 
ARABIDOPSIS THALIANA 
Sabine Hauber, Katrin Stoll, Stefan Binder 
Molecular Botany, University of Ulm, Ulm, Germany 
 
The maturation of mitochondrial transcripts in Arabidopsis thaliana includes the post-
transcriptional formation of 5‘ ends. Studies of the process revealed an extraordinary 
variability of 5‘ termini within the Arabidopsis species. It has been also found that RNA 
Processing Factors (RPFs), belonging to the P-Class PPR-proteins, are required for 5‘ 
processing. 
In Arabidopsis accessions, two different ccmC mRNA 5‘ ends are detectable, which correlate 
with the present Col-type or C24-type ccmC mitochondrial genotype, respectively. A 66 bp 
long DNA-segment, located upstream of those 5‘ termini distinguishes between these 
genotypes. It was shown that RPF3 is required for generation of ccmC transcripts with 5‘ 
termini at -484/482 in accessions with Col-type genotype. Whereas in accessions with C24-
type genotype, RPF6 is essential for the generation of ccmC transcripts with 5‘ termini at -
391/390. In vitro binding studies now show that both proteins interact within the 66 bp long 
RNA-region that differs between Col-type and C24-type genotypes. Therefore RPF3, RPF6 and 
the ccmC transcript are ideal candidates to study RNA-protein interactions. To define and 
characterize the binding sites on the RNA-level, in vitro and in vivo binding experiments will 
be performed. To further analyze the binding requirements on the protein level, RPF3 and 
RPF6 alleles from accessions which show an deficient ccmC 5‘ processing will be analyzed via 
in vivo complementation studies and RNA-protein binding experiments. These studies will 
reveal the characteristics of the RPF3/RPF6 interaction with the ccmC transcript on both, the 
nucleid acids and protein level. 
  



IDENTIFICATION OF DIFFERENCES IN POST-TRANSLATIONAL REGULATION OF AOX 
ISOFORMS IN ARABIDOPSIS THALIANA 
Cunman He, James Whelan, Jennifer Selinski 
Department of Animal, Plant and Soil Science, La Trobe University, Melbourne, Australia 
  
The cyanide-insensitive alternative oxidase (AOX) terminates the alternative pathway of 
mitochondrial electron transport and uncouples oxidation of substrates from mitochondrial 
ATP production, leading to improved plant performance under adverse growth conditions. 
AOX catalyzes the reduction of oxygen to water and is post-translationally regulated by redox 
mechanisms and 2-oxo acids. 
Arabidopsis thaliana possesses five AOX isoforms (AOX1A-D and AOX2). AOX1a and AOX1c 
genes are expressed in a variety of tissues while the other three AOX genes display organ- or 
development-specific expression. AOX1b, AOX1d and AOX2 are predominately found in 
organs associated with high metabolic rates. For instance, AOX2 is mainly expressed in seeds 
and AOX1b in young inflorescences (Clifton et al., 2006). 
At the protein level, AOX activity is mainly negatively controlled. Its primary structure is not 
optimal for activity since changes in a single amino acid dramatically increases activity (Selinski 
et al., 2017). Furthermore, the activity can be largely increased by various metabolites, e.g. 
TCA-cycle intermediates that act in an isoform-specific manner (Selinski et al., 2018). In 
previous studies we could show that AOX1A, AOX1C and AOX1D are differentially regulated 
by TCA cycle intermediates. Therefore, we have now analyzed post-translational activation of 
AOX1B and AOX2 to complement our set of data for all five AOX isoforms from Arabidopsis. 
Various TCA cycle intermediates such as citrate, isocitrate, 2-oxoglutarate, succinate, 
fumarate, malate, and oxaloacetate as well as pyruvate and glyoxylate have been analyzed for 
their influence on AOX1B and AOX2 wild-type protein activity. AOX1B and AOX2 show a similar 
activation pattern to AOX1D. These isoforms are activated by 2-oxoglutarate, pyruvate and 
glyoxylate. In contrast, AOX1A is activated by the same TCA cycle intermediates but 
additionally by oxaloacetate. 
In summary, we show that AOX isoforms from Arabidopsis are differentially fine-regulated by 
TCA cycle intermediates that is most likely dependent on the N-terminal region around the 
highly conserved cysteine residues known to be involved in post-translational regulation by 2-
oxo acids. 
Keywords: alternative oxidase, plant mitochondria, post-translational regulation, 
Arabidopsis thaliana, TCA cycle 
  



AMINO ACID METABOLISM UNDER STRESS – DESICCATION VS. EXTENDED DARKNESS  
Björn Heinemann, Hans-Peter Braun, Tatjana Hildebrandt 
Department of Plant Proteomics, Institute of Plant Genetics, Hannover, Germany 
 
Plants are at the mercy of their environment. As they are not mobile, they have to deal with 
diverse stress situations. However, plants are able to adjust their metabolism to handle new 
situations. The pools of free amino acids are changed completely during light- and water-
limiting conditions but not similarly. However, it is not clear whether all of these changes are 
beneficial for plant survival. The aim of our project was to identify consistent patterns in amino 
acid metabolism during both stress situations in order to understand their functional 
relevance. Large parts of amino acid metabolism takes place in the mitochondria of plants. 
We developed physiological stress experiments to ensure a consistent treatment to all plants 
(Arabidopsis thaliana) and analyzed amino acid profiles as well as additional parameters such 
as water, chlorophyll, protein and sugar content of the leaves. Samples were taken at different 
time points during the stress phase from early to severe stress until recovery was no longer 
possible. We were able to correlate amino acid profiles with particular stress phenotypes and 
thus define stages of the stress response characterized by a specific amino acid composition. 
The two datasets indicate that groups of amino acids are regulated in a highly coordinated 
fashion. Some low abundant amino acids rapidly return to control levels upon stress release 
while others remain either strongly elevated or decreased. We found some insights into the 
regulation of the stressed amino acid metabolism in plants by comparing both stress 
situations. Taken together our data provide information about which amino acids might be 
particularly relevant for stress resistance as well as rapid recovery. 
  



IRON DEFICIENCY DISRUPTS TAPETUM FUNCTION AND THE PRODUCTION OF VIABLE 
POLLEN 
Tzu-Hsiang Huang, Der-Fen Suen 
Academia Sinica, Agricultural Biotechnology Research Center, Taipei, Taiwan 
 
Fe deficiency causes loss of grain yield which relies on the production of viable pollen. 
However, it is unknown what impacts of Fe deficiency on anther and pollen development. 
Here, plants growing under Fe deficiency at the reproductive stage showed that Fe content 
and the production of viable pollen were declined, which could be recovered by exogenous 
Fe supply on floral buds. Fe deficiency caused hypertrophy tapetum and abnormal pollen 
outer wall as well as the reduction in ROS and activities of mitochondrial respiratory 
complexes in anthers. Analyzing mitochondria in the tapetum, we observed that under Fe 
deficiency, mitochondria were fragmented, swollen and reduced. Moreover, anther 
transcriptomes uncovered molecular regulation in anthers under Fe deficiency. Compared 
with published transcriptomes, we illustrated the distinct Fe-deficient responses in vegetative 
vs. male reproductive tissues. The GO terms of tapetum-specific down-regulated genes under 
Fe deficiency were enriched in gametophyte development, lipid transport and pollen wall 
assembly. Further, we observed the reduction of anther neutral lipids, abnormal tapetosome 
and irregular pollen outer wall, correlated with the changes in transcriptomes. The results 
suggested that Fe deficiency affected the production of viable pollen, probably by impairing 
mitochondrial function and cell processes in the tapetum.  
  



ROLE OF ORGANELLAR PROTEIN BIO-SYNTHESIS QUALITY CONTROL MECHANISMS ON 
PLANT DEVELOPMENT 
Liron Klipcan, Chandrasekhar Kottakota, Vijaya Naresh Juturu 
Plant Sciences, Agricultural Research Organization, Gilat Center, Gilat, Israel 
 
The fidelity of protein biosynthesis is one of the main factors in cell viability, which depends 
on the proper assembly and functioning of protein molecules. The aminoacyl-tRNA 
synthetases (aaRSs) play a crucial role in the maintenance of accurate translation by 
establishing a linkage between the cognate amino acid and the tRNA molecule. An observation 
that some mitochondrial aaRSs from yeast and mammalian lack the editing (proofreading) 
domain found in cytosolic counterparts led to a proposition that translation in mitochondria 
may be somewhat less accurate. However, the physiological requirement of protein quality 
control mechanism in the plant system is virtually unknown.  By introduction specific mutation 
in the active site of Arabidopsis thaliana organellar dual targeting phenylalanyl tRNA 
synthetase (AtPheRSorg) and overexpression of AtPheRSorg_mut (hereafter named as 
PheRSmut1) we study the importance of protein bio-synthesis accuracy. Challenging 
PheRSmut1 plants with m-tyrosine a product of ROS damaged Phenylalanine and other 
phenylalanine analogs has shown to significantly retard the seed germination and seedling 
growth compared to wild type plants. These effects were rescued to some extent with 
exogenous supplementation of Phenylalanine in the media in a dose-dependent manner. 
PheRSmut1 plants behaved similarly to wild types under normal growth conditions. 
Altogether, this study demonstrates the requirement of substrate specificity of aaRSs at least 
for PheRSorg in this case to maintain quality control of proteins and cellular viability. The 
aaRSs accuracy, in general, may play an important role in translational quality control in plant 
organelles. Further, non-protein amino acids result of oxidative damage in cells under stress 
has a significant effect on the integrity of protein, therefore, must be removed from the 
proteome if miss incorporated in order to maintain standard physiological properties. In 
future, we will try to get a better insight fidelity in the plant cytosol, mitochondria, and plastids 
under changing environmental condition. 
  



MITOCHONDRIAL CONTRIBUTION TO SYMBIOTIC NITROGEN FIXATION 
Patrick Künzler, Holger Eubel, Hans-Peter Braun 
Department for Plant Proteomics, Institute for Plant Genetics, Hanover, Germany 
 
Symbiotic Nitrogen Fixation (SNF) is a natural N-fixation method of plants. It is based on the 
utilization of atmospheric nitrogen by specialized bacteria, which live inside of root cells. 
Consequently, usage of fertilizers in agriculture can be reduced and pollution is avoided. 
Legumes such as Vicia faba develop nodules upon root infection with nitrogen fixing bacteria 
(e.g. Rhizobium leguminosarum). These nodules provide a suitable environment for the 
oxygen-sensitive and energy-intense nitrogenase reaction within the bacteroids (the 
symbiotic form of nitrogen fixing bacteria). In exchange for reduced nitrogen in form of 
asparagine, infected root cells supply bacteroids with reduced forms of carbon. Bacteroids 
within the cells of the roots can be regarded as temporary organelles. This raises the question 
how their presence affects the functions of other subcellular compartments. This question is 
especially relevant with respect to the mitochondria which compete with the bacteroids on 
substrates. In detail we are investigating  

1. Do mitochondria adapt due to the carbon-competition situation and due to the low 
oxygen concentrations within infected root cells? 

2. Do mitochondria contribute to SNF and how is this achieved? 
To address these questions an experimental set-up has been established allowing to 
compare V. faba mitochondria isolated from nodules housing either wildtype R. 
leguminosarum or a strain not capable of SNF as well as from the roots of fertilized and non-
fertilized plants. Comparative quantitation of mitochondrial proteins using HPLC-MS/MS 
revealed altered mitochondrial functions in the four different mitochondrial fractions. We 
discovered changes with respect to enzymes involved in the TCA cycle, respiration and amino 
acid metabolism, which are caused by symbiotic nitrogen fixation. 
  



AN INSIGHT INTO FUNCTIONAL INTERPLAY BETWEEN MITOCHONDRIAL INNER MEMBRANE 
PROTEASES, ATFTSH4 AND ATOMA1, AND UBIQUITIN-PROTEASOME SYSTEM IN 
ARABIDOPSIS THALIANA 
Malgorzata Heidorn-Czarna1, Agata Maziak1, Dominik Cysewski2, Monika Maleszka1,  
Hanna Janska1 
1Department of Cellular Molecular Biology, University of Wroclaw, Wroclaw, Poland, 2Mass 
Spectrometry Laboratory, Institute of Biochemistry and Biophysics, Polish Academy of 
Sciences, Warsaw, Poland 
 
Cellular protein homeostasis depends on complex regulation by the ubiquitin-proteasome 
system (UPS) and activity of organellar proteolytic networks. While the mitochondrial 
surveillance by the UPS has been greatly recognized, there is no information whether the 
mitochondrial quality control system affects the activity of the UPS. Previously we showed 
that in Arabidopsis the membrane-anchored, intermembrane space-oriented 
metallopeptidases, i-AAA known as AtFTSH4, as well as AtOMA1 exhibit both conserved and 
plant-specific functions. The absence of either AtFTSH4 or AtOMA1 does not affect plant 
growth and development under optimal conditions, however, prolonged exposure of ftsh4 
and oma1 mutants to moderately elevated temperature leads to developmental and 
morphological alterations. This correlates with decreased amount and activity of the OXPHOS 
complexes and enhanced mitochondrial oxidative stress. Our recent findings show that 
mitochondrial stress caused by the lack of either protease also affects the cytosolic UPS 
system by lowering its activity under continuous mild heat stress as measured with externally 
added fluorogenic substrate. In contrary, the UPS activity in plants overexpressing either 
AtFTSH4 or AtOMA1 was comparable to the level observed in wild-type or higher under the 
same conditions. Interestingly, no changes in proteasome activity have been observed in 
Arabidopsis plants with decreased expression of the matrix-oriented metallopeptidases, 
AtFTSH3 and AtFTSH10. Further, iTRAQ-based proteomic analysis of total proteome of 
germinating wild-type and ftsh4 seeds revealed lowered abundance of the components of the 
UPS in the mutant, which corresponded with a lower proteasome activity. In addition, higher 
abundance of seed storage proteins, together with their higher carbonylation level was 
observed in germinating ftsh4 seeds. The presence of non-degraded carbonylated storage 
proteins in ftsh4 suggests their defective proteolysis via the 20S proteasome. 
We propose functional relationship between mitochondrial inner membrane proteases, 
AtFTSH4 and AtOMA1, and the UPS in Arabidopsis, however, the mechanism of this complex 
regulation under chronic mitochondrial stress is still not understood. 
This work was supported by Grants 2012/07/B/NZ2/01794 and 2017/27/B/NZ2/00558 from 
the National Science Centre, Poland. 
  



PHYSCOMITRELLA DYW-TYPE PPR PROTEINS: ANCESTRAL, AND POSSIBLY UNIVERSAL, RNA 
EDITING FACTORS 
Bastian Oldenkott1, Yingying Yang1, Elena Lesch1, Matthias Burger2, Mizuki Takenaka2,3, 
Volker Knoop1, Mareike Schallenberg-Rüdinger1 
1Molekulare Evolution, Izmb Universität Bonn, Bonn, Germany, 2Department of Molecular 
Botany, Universität Ulm, Ulm, Germany, 3Department of Botany, Graduate School of 
Science, Kyoto University, Kyoto, Japan 
  
C-to-U RNA editing in chloroplasts and mitochondria of land plants corrects genetic 
information on transcript level mainly by restoring codon identities including creation of start 
and stop codons, but also participates in tRNA maturation and intron splicing.   
The key factors mediating site-specific RNA editing are nuclear encoded pentatricopeptide 
repeat (PPR) proteins, the occurrence of which correlates perfectly with C-to-U RNA editing 
among (and even outside of) land plants. The model moss Physcomitrella patens is so far the 
only plant with all its organellar RNA editing sites assigned to the respective site-specific PPR 
editing factors. All of the ten proteins addressing one or two of the altogether 13 RNA editing 
sites carry a C-terminal extension with structural similarities to cytidine deaminases, the DYW 
domain. No other factors participating in RNA editing could be identified in Physcomitrella so 
far. We now show that the Physcomitrella DYW-type PPR proteins function as editing factors 
outside of their native environment. 
Firstly, a Physcomitrella DYW-type PPR protein can complement the knock-out of a 
functionally analogous editing factor in Arabidopsis to restore RNA editing. 
Yet more significant, two mitochondrial RNA editing factors of Physcomitrella were able to 
induce RNA editing in E. coli. The bacterium is naturally devoid of PPR proteins and C-to-U RNA 
editing. We could successfully express the Physcomitrella PPR proteins and their native RNA 
targets and observe RNA editing efficiencies comparable to the in-planta situation. The new 
system is an ideal platform to further explore the mechanisms of PPR proteins in recognizing 
and binding specific RNAs and the process of cytidine deamination. For the first time, we can 
modify RNA targets on a broad scale and thereby identify crucial positions for PPR-RNA 
interaction. Single amino acid mutations were shown to affect cytidine deaminase activity of 
the DYW domain and to redirect PPR proteins to new RNA targets. 
  



UNDERSTANDING DNA REPLICATION IN PLANT ORGANELLES:THE ZINC FINGER DOMAIN IN 
PLANT ORGANELLAR PRIMASE-HELICASE DIRECTS TEMPLATE RECOGNITION 
Antolin Peralta Castro, Francisco Cordoba, Corina Diaz-Quezada, Luis Brieba 
Langebio, Cinvestav, Irapuato, Mexico 
 
The mechanisms for primer synthesis in plant mitochondria are unknown.  In archetypical 
replisomes, a helicase unwinds dsDNA allowing the ssDNA template to become a substrate 
for a primase. This mechanism starts ribonucleotide synthesizes and coordinates lagging-
strand synthesis. Metazoan mitochondrial replication is atypical, in animal mitochondria RNA 
primers are synthesized by a RNA polymerase maybe as a consequence of the dysfunctional 
primase present in the ancestral bifunctional primase-helicase, Twinkle, in metazoans. In 
sharp contrast to animal Twinkle, plants encode for a bifunctional primase-helicase, 
AtTwinkle, that is active as a primase and helicase.  The primase domain (AtPrimase) of the 
plant model Arabidopsis thaliana´s Twinkle (AtTwinkle) consists of a RNA polymerase (RPD) 
and a Zn++ finger domain (ZnFD). AtPrimase recognizes two nucleotides, instead of one, as a 
cryptic element. Sequence analysis suggests that the ZFD of AtPrimase is highly divergent and 
may be responsible to mediate its unique template recognition. Herein, we found that ZFD 
residues N163, R166, and K168 drive template recognition. Mutations of these residues to 
alanine decreases canonical template recognition and drive iterative RNA synthesis. The role 
of the ZFD in template recognition was corroborated by swapping the RPDs of T7 and 
AtTwinkle primases with their respective ZFD. A chimeric primase containing the ZBD of T7 
primase and the RPD of AtPrimase was able to synthesize ribonucleotides from the T7 primase 
recognition sequence, and conversely, a chimeric primase harboring the ZBD of AtPrimase and 
the RPD of T7 primase synthesize ribonucleotides from the AtPrimase recognition sequence. 
In an analogous fashion that the specificity loop of single-subunit RNA polymerases directs 
template recognitions, our results suggest that the ZBD is responsible for template 
recognition. Our work suggests that plant mitochondria assemble a functional primosome and 
that mitochondrial plant replication may follow a classical "leader" and "lagging" coordinated 
mechanism. 
  



THE CURIOUS CASE OF THE H2-PROTEIN IN ARABIDOPSIS THALIANA 
Jonathan Przybyla-Toscano, Marta Juvany, Olivier Keech 
Plant Physiology, UPSC, Umea, Sweden 
 
In all eukaryotic organisms, the glycine cleavage system (GCS) is a four subunits key 
mitochondrial enzyme that participates in the formation of one-carbon (C1) units, essential 
for nucleotide synthesis, epigenetic maintenance and reductive metabolism. In 
photosynthetic tissues, GCS is also involved in the photorespiratory cycle. Both for C1-
metabolism and photorespiration, GCS acts in conjunction with the serine 
hydroxymethyltransferase (SHMT), to catalyses the tetrahydrofolate (THF)-dependent 
oxidation of glycine to produce serine, the C1 donor compound 5,10-methylene-THF, as well 
as the side products CO2, NH3 and NADH. The four subunits are defined as a P-protein (a 
glycine decarboxylase), a T-protein (an aminomethyl-transferase), an L-protein (a 
dihydrolipoamide dehydrogenase) and a carrier lipoic acid-dependent protein named H-
protein. The mechanistic core of this complex relies on the lipoyl arm of the H-protein, which 
serves as a mobile co-substrate for the t hree other enzymes. 
So far, in plants the GCS has been mainly described in leaves. However, the Arabidopsis 
thaliana genome contains three H genes named H1, H2 and H3. Analysis of transcriptomic 
data showed that H1 and H3 are mainly expressed in photosynthetic organs, whereas H2 is 
primarily expressed in the seed and the roots of germinating seedlings. In addition, while H1 
and H3 proteins share approximatively 90% protein sequence identity, H2 has only 60% 
identity with the other two isoforms; however, the lysine that serves to anchor the lipoic-acid 
is conserved. Interestingly, a phylogenetic analysis revealed that the H2 gene is highly 
conserved in plant species, ranging from algae to higher plants. We isolated two independent 
insertion lines leading to a knockout phenotype for the H2 protein. Resulting plants have a 
severe growth impairment which cannot be rescued by non-photorespiratory conditions. We 
are currently investigating the reasons for such drastic dwarf phenotype, as well as wh y the 
phenotype cannot be rescued by metabolic intermediates produced in leaves since H1 and H3 
should be functional. 
  



DYNAMIC PROTEIN:PROTEIN INTERACTIONS BETWEEN LIGHT AND DARK ADAPTED PLANT 
MITOCHONDRIA 
Nils Rugen, Hans-Peter Braun, Holger Eubel 
Department of Plant Poteomics, Institute of Plant Genetics, Leibniz University Hannover, 
Hannover, Germany 
  
Plant mitochondrial functions adjust to meet the requirements of cellular metabolism. The 
TCA cycle, for example, operates in different flux modes depending on the substrates needed 
to support cellular functions: During the night, the TCA cycle of leaf mitochondria mainly 
operates in its classical cyclic mode to provide NADH for ATP production. In illuminated leaves, 
however, the TCA cycle works in a rather non-cyclic mode to synthesize carbon skeletons for 
nitrogen assimilation. How plants orchestrate the diurnal adjustment of mitochondrial 
functions is not known in detail. 
Here, we focus on the impact of protein:protein interactions on the coordination of 
mitochondrial functions during day and night by employing a complexome profiling strategy 
that allows to analyze the dynamics of high-molecular protein complexes. Light and dark 
adapted mitochondria are isolated and their protein complexes up to 30 MDa are separated 
in large-pore blue native (lpBN) PAGE. Protein abundance profiles are mapped and quantified 
via mass spectrometry and then hierarchically clustered to identify interacting proteins. A 
subsequent multi-step statistical workflow ensures profile comparability. 
Altogether, we are able to identify numerous protein:protein interactions and to compare the 
day and night specific abundance profiles of hundreds of proteins over a wide molecular mass 
range. Our analysis reveals that several proteins show distinct differences in their migration, 
indicating the presence of dynamic protein complexes in plant mitochondria. 
A summary of proteins showing altered migration patterns between light and dark adapted 
mitochondria will be presented and supplemented with detailed examples of dynamic 
protein:protein interactions. 
Keywords: Complexome profiling, large-pore BN PAGE, dynamic protein:  protein interactions 
  



MOLECULAR EVALUATION OF ALTERNATIVE OXIDASE AND POSSIBLE INVOLVEMENT WITH 
ASCORBIC ACID BIOSYNTHESIS ON TWO CLONES (MALPIGHIA EMARGINATA DC) 
Luis Flávio Mendes Saraiva1, Rebeca Eller Ferreira2, Maria Júlia Sousa da Fonseca2,  
Larissa Linhares Carvalho Mendes2, Ana Raquel Lopes Soares de Almeida2,  
Vitoria Costa de Oliveira3, Amanda Pires Cabral Cordeiro3 
1Department of Biology, State of Ceará University, Fortaleza, Brazil, 2Department of Biology, 
Health Sciences Center, Fortaleza, Brazil, 3Department of Nutrition, Health Sciences Center, 
Fortaleza, Brazil 
 
Acerola is a fruit endowed with enviable qualities, such as synthesizing high amounts of 
ascorbic acid. For this study we analyzed the gene expression of enzymes of the way 
Wheeler/Smirnoff well as the Alternative Oxidase (AOX). The last step of this pathway ends in 
the internal mitochondrial membrane, with the transmembrane enzyme L-Galactono -1,4-
lactone dehydrogenase (L-GalLdh), located between complex III and IV. Since the AOX is an 
enzyme uncoupling, present between the complexes II and III. This study aimed to identify the 
main gene expression responsible to biosynthesis of ascorbic acid and two isoforms of AOX, 
on flowers and fruits at different development stages, on two clones the acerola called Cereja 
and Roxinha. The determination of ascorbic acid levels was done by titration of Tillman, on 
two clones fruits. Total RNA from different tissues for two clones was isolated. To determine 
the multigene family for AOX, DNA genomic was isolated and primers were used to PCR. 
Primers were used for gene expression the Wheeler/Smirnoff pathway. The ascorbic acid 
levels on both clones showed that the Roxinha clone had lower levels on all stages. The gene 
expression of three enzymes stood out from others, these showed a synergism with the 
expression levels of vitamin C contained in each tissue. In addition, gene expression in two 
clones showed differences in tissues that favor of Cereja. They are: Mannose 
pyrophsphorylase, GDP-Mannose 3’5’ epimerase and GDP-Galactose phosphorylase. AOX1 
gene expression increased on both clones during the fruit ripening, but revealed some 
differences. In green fruit of Cereja the expression was lower than Roxinha, increasing the 
expression on unripe and ripe fruits. The AOX2 expression appeared constant during fruit 
ripening on Roxinha clone, increasing only in ripe fruit while on the Cereja clone the AOX2 
gene expression gradually decreased with maturation.  
  



THE PLANT MITOCHONDRIAL TAT PATHWAY IS ESSENTIAL FOR COMPLEX III BIOGENESIS. 
Kerstin Schäfer1, Andreas Klingl1, Jürgen Soll1,2, Chris Carrie1 
1Department of Biology, Biocenter, Ludwig Maximilians University, Munich, Germany, 
2Munich Centre for Integrated Protein Science, Cipsm, Ludwig Maximilians University, 
Munich, Germany 
 
Twin arginine translocation (Tat) pathways have been well characterized for folded protein 
translocation in bacteria and thylakoid membranes of chloroplasts. However, the majority of 
mitochondrial genomes from higher plants harbour genes, which also encode for 
mitochondrial Tat subunits, but no function has ever been attributed to them. In Arabidopsis 
thaliana, the Tat subunits TatB and TatC were proven to be expressed proteins, the latter 
being encoded in the mitochondrial genome. Mitochondrial TatB (mtTatB) is nuclear encoded 
and was shown to possess an extended C-terminus of 61 amino acids compared to its bacterial 
relative Escherichia coli TatB. Moreover, it carries out an essential, but unknown function in 
plant mitochondria. Functional complementation of the T-DNA insertion line of mtTatB was 
performed using C-terminal deletion mutants controlled by the 35S promoter and partial 
complementation by an ABI3 promoter, which expresses the protein only in tissues of 
embryonic origin. Homozygous mutants displayed a severe growth retardation phenotype and 
were nearly (35Sp:mtTatBΔC) or completely (ABI3p:mtTatB) male sterile. Isolated 
mitochondria from callus culture cells of C-terminal deletion mutants were impaired in 
complex III assembly after dimerization, indicating that mtTatB plays a role in late stages of 
complex III biogenesis. The Rieske iron sulfur subunit (AtRip) was undetectable in complex III 
dimers of whole membrane preparations and less abundant in isolated mitochondria of callus 
cultures compared to wildtype, however, steady state levels of AtRip were always observed 
to be only marginally affected. Additionally, AtRip was co-eluted along with mtTatB after 
crosslinking of total mitochondrial proteins. Thus, the plant mitochondrial Tat pathway 
appears to be essential for complex III biogenesis and performs the insertion of the last 
subunit during complex III assembly, the Rieske iron sulfur subunit. 
  



IDENTIFICATION AND ANALYSIS OF NEW RNA PROCESSING FACTORS IN ARABIDOPSIS 
THALIANA 
Sarah Schleicher, Stefan Binder 
Molecular Botany, University of Ulm, Ulm, Germany 
 
In Arabidopsis mitochondria the vast majority of 5’ transcript termini is generated by post-
transcriptional processing. In recent years seven so-called RNA Processing Factors (RPFs) have 
been found to be required for the efficient generation of 5’ ends. These proteins belong to 
the huge family of Pentatricopeptide Repeat Proteins (PPRs). Despite this progress still many 
proteins involved in 5’ processing remain to be identified. 
The presence of different transcript pattern for the co-transcribed nad3-rps12 RNAs in A. 
thaliana accession Van-0 identified RPF8 by a forward genetic approach. This finding was 
confirmed in complementation assays demonstrating that RPF8 plays an important role for 
the efficient generation of 5’ ends of these transcripts. However, it remained unclear whether 
the formation of 5’ ends of nad3-rps12 transcripts occurs independently from RPF8 in other 
accessions. Detailed sequence analyses of various RPF8 alleles might help to better 
understand the features of PPR proteins required for the interaction with the target RNA. 
Another mRNA polymorphism has recently been observed in atp6-2 transcripts in several 
ecotypes. We are currently in the process of identifying the factor involved in the maturation 
of these transcripts and hope to gain further information towards the identification of all 
proteins required for 5’ end processing of mitochondrial transcripts. 
  



THE EVOLUTION OF THE OXIDATIVE PHOSPHORYLATION SYSTEM IN THE GREEN LINEAGE 
Jennifer Senkler, Hans-Peter Braun 
Pflanzenproteomik, Pflanzengenetik, Leibniz University Hannover, Hannover, Germany 
 
Evolution of the eukaryotic cell is tightly linked to endosymbiosis. Proteobacteria 
implemented aerobic respiration into eukaryotic cells and at a later stage, photosynthesis was 
implemented to some of these cells by cyanobacteria. This was the starting point for the 
evolution of the green lineage. The bacteria developed into organelles of the eukaryotic cell, 
the mitochondria specialized in Oxidative Phosphorylation (OXPHOS) and the chloroplasts in 
Photophosphorylation. In the green lineage, evolution of these two processes was 
interdependent. A project was initiated to follow the evolution of the mitochondrial OXPHOS 
system in the context of photosynthesis. Mitochondria are isolated from various clades of the 
green lineage (algae, mosses, ferns and flowering plants) and OXPHOS components are 
characterized and compared. We will present first insights and future prospects for our 
project. 
  



THE COMPLETE PLASTID GENOME SEQUENCE AND THE PHOTOSYNTHETIC ACTIVITY OF THE 
PUTATIVE MYCOHETEROTROPHIC ORCHID LIMODORUM ABORTIVUM 
Sofia Shevtsov1, Omer Murik1, Hagit Zer1, Ofir Weinstein1, Nir Keren1, Ori Fragman-Sapir2, 
Oren Ostersetzer-Biran1 
1Plant and Environmental Sciences, Alexander Silberman Institute of Life Sciences, 
Jerusalem, Israel, 2Botanical Gardens, Hebrew University of Jerusalem, Jerusalem, Israel 
 
The sparsely distributed Limodorum abortivum is a European-Mediterranean orchid species, 
which grows on decomposing plant material. Although some chlorophyll are observed in the 
degenerated scales-shaped leaf and stems regions, its photosynthetic capacity is assumed to 
be insufficient to support the full energy requirements of an adult plant. In Israel, L. 
abortivum shows a patchy distribution patterns in the Galilee, Golan, Carmel and Judean 
regions. To gain more insights into the physiology and photosynthetic activity of L. 
abortivum, we analyzed the organellar morphologies and photosynthetic activities and 
determined the chloroplast-DNA sequence by Illumina-HTS. Microscopic analyses indicated to 
the presence of mature chloroplasts with well-organized grana-thylakoids in the leaves and 
stems of L. abortivum. 
However, the numbers of chloroplasts per cell and the grana ultrastructure density within the 
organelles were notably lower than those of model plant species and fully photosynthetically 
active orchids. The cpDNA of L. abortivum (154,954 bp) encodes 60 proteins, 34 tRNAs and 4 
rRNAs. The coding-regions of 24 genes are interrupted by 26 group-II intron-sequences. 
While many genes related to photosynthesis (RuBisCo, PSI, PSII and cytochrome b6/f subunits) 
have remained intact in the cpDNA, the majority of the NADH-dehydrogenase (ndh) subunits 
were either lost or became nonfunctional (i.e., pseudogenized). In agreement with previous 
reports, the photosynthetic-rates of adult Limodorum plants were found to be very low, 
further indicating that carbon-assimilation activity is insufficient to support the energy 
requirements of an adult plant, and may suggest that L. abortivum have adopted nutritional 
strategies similar to that of mycoheterotrophic orchid species. 
  



THE RECOMBINATION FLIP FLOP MECHANISM LIBERATES THE COB GENE FROM THE CO-
TRANSCRIPTION WITH A CMS CANDIDATE GENE BOBT IN SILENE VULGARIS 
Helena Storchova, Oushadee Abeyawardana 
Plant Reproduction Lab, Institute of Experimental Botany, Czech Academy of Sciencess, 
Prague, Czech Republic 
 
Multichromosomal mitochondrial genomes of Silene vulgaris exhibit very high levels of within-
species variation in intergenic sequences, gene order, and gene content. S. vulgaris 
mitochondrial haplotypes also vary in Cytoplasmic male sterility (CMS) types. We have 
identified two CMS candidate genes in this species, one of them encoding non-coding RNA 
and the second one (bobt) coding for chimeric protein. The bobt gene occurs in two genomic 
locations. It is placed upstream of the essential gene for cytochrome B (cob) and co-
transcribed with it. Alternatively, it is located on another mitochondrial chromosome, apart 
from cob. Homologous recombination switches between the two configurations, moving the 
cob gene under the control and out of control of the bobt promoter, changing its 
transcriptional regulation. The transcription of the bobt gene is decreased in hermaphrodites. 
The recombination flip flop mechanism prevents the cob gene from being co-inhibited with 
the CMS gene in hermaphrodites. We investigated, whether the proportion of respective 
configurations depended on a gender, or whether it was influenced by heat stress. 
 Literature 
Štorchová, H, Stone D.J.,  Sloan D.B., Abeyawardana O.A.J., Muller K., Walterová J., Pažoutová 
M. (2018) Homologous recombination changes the context of Cytochrome b transcription in 
the mitochondrial genome of Silene vulgaris KRA. BMC Genomics 19: 874. 
  



MATURASES AS KEY REGULATORS OF OXPHOS BIOGENESIS AND SEED-GERMINATION IN 
ARABIDOPSIS THALIANA PLANTS 
Laure D. Sultan, Sofia Shevtsov, Oren Ostersetzer-Biran 
Plant and Environmental Sciences, Alexander Silberman Institute of Life Sciences, Jerusalem, 
Israel 
 
The expression of the mtDNA in plants is complex, particularly at the posttranscriptional level. 
One of the most remarkable features of plant mitochondrial gene-expression and RNA 
processing involves the splicing of many group II-type introns, which lie within the coding 
regions of many of the organellar genes. The excision of the introns from the coding regions 
they interrupt is essential for mtDNA expression, and regulated by various cofactors that 
belong to a diverse set of protein families. These factors may also link respiratory-mediated 
functions with environmental or developmental signals. The plant organellar group II introns 
have likely evolved from maturase (MAT)-encoding RNAs. Yet, these are degenerated in 
sequence and lost their related intron-encoded ORFs. In angiosperms, only a single MAT (i.e. 
matR, encoded within nad1 intron4), has retained in the mtDNA of angiosperms. In addition 
to MatR, angiosperms also encode several MAT-related proteins (nMAT 1 to 4). MatR and the 
nMATs are expressed during early stages of seed development, but their levels decline 
considerably following germination. Previously we showed that MatR and the nMATs function 
in the splicing of most of the mitochondrial introns in Arabidopsis, and that their activities are 
required for the biogenesis of the respiratory machinery and respiratory functions of fully 
matured plants. Why plant mitochondria gene-expression involves such a complex array of 
distinct transcriptional and post-transcriptional steps? Currently, we cannot provide a 
definitive explanation, but we speculate that these essential RNA-processing steps may 
evolved during seed-plants evolution as consequences of a need for tighter regulation of 
organellar functions by the nucleus, during breaking of seed dormancy. Here, we report our 
current analyses of the roles of maturase factors on mitochondria biogenesis during 
imbibition and early seedlings establishment stages in Arabidopsis.  
  



MAPPING OF FERTILITY RESTORING GENES IN CARROTS 
Wojciech Wesolowski, Marek Pawel Szklarczyk, Anna Szlachtowska, Beata Domnicz 
Institute of Plant Biology and Biotechnology, Krakow Agricultural University, Krakow, Poland 
 
In carrot breeding two types of cytoplasmic male sterility (CMS) are used – brown anther and 
petaloid. The former is induced by the Sa-cytoplasm which causes degeneration of tapetal 
cells and pollen. In the latter type stamens are substituted by petal-like organs which results 
from the presence of the Sp-cytoplasm. The sterilizing effect of both cytoplasms can be 
neutralized by specific nuclear genes referred to as fertility restorers. The presented research 
was aimed at determining the chromosomal location of such restorers for both sterilizing 
cytoplasms of carrot. For this purpose two mapping populations were developed, 170 with 
the Sp-cytoplasm and 300 with the Sa-cytoplasm, they both segregated into male-sterile and 
male-fertile plants. Individual plants from these populations were subjected to the procedure 
of genotyping by sequencing (GBS) which exploited restriction-based reduction of genome 
complexity with subsequent low coverage Illumina sequencing. The obtained sequence reads 
were mapped to the carrot reference genome which allowed for massive identification of 
sequence polymorphisms. These polymorphisms were subjected to several rounds of 
filtration which resulted in final selection of 2460 and 1392 GBS markers for populations 170 
and 300, respectively. Both sets of polymorphic markers and the segregating phenotypes were 
used for construction of genetic maps. This showed that the restorer gene for the Sp-
cytoplasm is located on chromosome IX, and the restorer of the Sa-cytoplasm – on 
chromosome III. Location of the restorer from chromosome IX matched the location of a 
cluster of genes encoding mitochondrially targeted PPR proteins. 
  



IDENTIFICATION OF SRNAS RESEMBLING CLUSTERED ORGANELLAR SRNAS (COSRNAS) IN 
RIBO-SEQ DATA 
Malgorzata Kwasniak-Owczarek1, Artur Tomal1, Pawel Mackiewicz2, Urszula Kazmierczak1, 
Hanna Janska1 
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A genome-wide analysis of mitochondrial translation in rps10 Arabidopsis plants with altered 
biogenesis of mitoribosomes was performed by ribosome profiling (Ribo-seq). In contrast to 
so far published protocols we used purified mitochondrial fractions instead of total cell 
extracts. We found that the vast majority of reads were mapped to CDS in the wild-type (WT) 
and only a small part of reads were aligned to non-coding regions. Surprisingly, in rps10 the 
great part of Ribo-seq reads derived from non-coding regions. Analysis of the 3-nucleotide 
periodicity for these reads resulted in a negative outcome. This prompted us to consider the 
possibility that reads from non-coding regions are not footprints of actively translating 
mitoribosomes, but they come from other RNA-binding proteins (RBPs) or are generated by 
non-active mitoribosomes. To check this assumption we applied sRNAminer software that 
enables identification of RBPs footprints or other clusters of small RNAs (sRNAs) (Ruwe et al., 
2016). Performed analysis allowed to identify pool of ~60 sRNAs in WT and ~80 in rps10 in 
non-coding regions (5’UTRs, introns, 3’UTRs and intercistronic regions). Among identified 
sRNAs we focused on those which resemble clustered organellar sRNAs (cosRNAs) that 
coincide with 3’ termini of mature transcripts and possibly represent footprints of RBPs (Ruwe 
et al., 2016). The vast majority of these 3’ sRNAs had identical or one nucleotide shorter the 
3’end compared with cosRNAs and they were definitely shorter from the 5’ end. The 
difference in length between 3’sRNAs from Ribo-seq data and cosRNAs is likely due to activity 
of ribonuclease used in ribosome profiling procedure. This make our data more useful in 
precise determination of the binding sites of RBPs. Our results including Northern 
hybridization suggest that 3’ sRNAs in Ribo-seq are mainly products of degradation of 
mitochondrial transcripts. 
This work was supported by Grant 2014/15/B/NZ2/01065 from the National Science Centre, 
Poland for HJ. 
  



NOVEL SIGNALING PATHWAY REGULATING MITOCHONDRIAL BIOGENESIS IN ARABIDOPSIS 
THALIANA 
Lu Li1, Anastasiya Lavell2, Xiangxiang Meng1, Oliver Berkowitz1, Jennifer Selinski1,  
Allison Meene3, Chris Carrie4, Christoph Benning2, James Whelan1, Inge De Clercq1,  
Yan Wang1 
1School of Life Science, La Trobe University, Melbourne, Australia, 2Doe Plant Research 
Laboratory and Department of Biochemistry and Molecular Biology, Michigan State 
University, Michigan, USA, 3School of Biosciences, University of Melbourne, Melbourne, 
Australia, 44 Department Biologie I – Botanik, Ludwig Maximilians Universität, München, 
Germany 
 
Mitochondrial biogenesis is the process of growing (increasing mass) and division of pre-
existing mitochondria, requiring the coordinated synthesis and import of proteins, nucleic 
acids and lipids. Our studies are directed at identification and characterization of regulatory 
pathways for mitochondrial biogenesis. Recently, we found in Arabidopsis thaliana that the 
mitochondrial outer membrane protein DGS1 was part of a large multi-subunit protein 
complex containing MIC60, TOM40, TOM20s and the Rieske FeS protein. A point mutation in 
DGS1 (dgs1-1), previously reported to rescue a constitutively expressed plastid 
digalactosyldiacylglycerolsynthase galactolipid synthesis mutant, altered the stability and 
protease accessibility of this complex. This resulted in altered mitochondrial biogenesis and 
function, including mitochondrial size, lipid content and composition, protein import and 
respiratory capacity. Whole plant physiology was affected in the dgs1-1 mutant as evidenced 
by tolerance to imposed drought stress and altered transcriptional responses of established 
markers of mitochondrial retrograde signaling. Orthologs of Arabidopsis DGS1 were 
conserved in a wide range of eukaryotes, including the NCA2 (Nuclear Control of ATP Synthase 
2) protein in yeast (Saccharomyces cerevisiae), but lost in metazoa. The genes encoding DGS1 
and NCA2 were part of a similar co-expression network including genes encoding proteins 
involved in mitochondrial fission, morphology and mitochondrial lipid homeostasis. In 
summary, DGS1 links mitochondrial protein and lipid import with cellular lipid homeostasis 
and whole plant stress responses. 
  
  



TEMPORAL PROTEOMIC/TRANSCRIPTOME PROFILING OF MITOCHONDRIAL BIOGENESIS 
DURING HORDEUM VULGARE L. (BARLEY) GERMINATION 
Yanqiao Zhu, Yan Wang, James Whelan 
School of Life Science, La Trobe University, Melbourne, Australia 
 
Barley is the most widely used cereal in the brewing industry. Previous study using shot-gun 
proteomic approach has identified proteins associated with various germination stages in the 
total protein background. However, the profile of mitochondrial biogenesis during barley 
germination has not been well characterized, while a number of studies have examined 
mitochondrial biogenesis in rice and Arabidopsis. As mitochondria play a critical role in seed 
viability and germination in plants, our study aims to provide a deeper insight into 
mitochondrial biogenesis during barley germination at both transcription and protein level. 
So far, the total oxygen consumption and the activity of mitochondrial respiratory complexes 
in barley embryos isolated at different germination stages have been measured. At each 
germination stage, the protein abundance of mitochondrial respiratory chain components and 
protein transport components in barley embryos has been determined. It reveals the 
abundance of mitochondrial proteins displays different patterns during germination. In the 
next step, shot-gun proteomic and transcriptome analyses will be applied to identify the 
mitochondrial genes critical for barley germination and provide novel targets for optimization 
of malting barley breeding. 
  



A FUNCTIONAL, SERIALLY SPLICING TWINTRON AND FOUR “ZOMBIE” TWINTRONS IN 
PLANT MITOCHONDRIA 
Simon Maria Zumkeller, Volker Knoop 
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The occurrence of introns in plant mitochondrial genomes is very diverse between the 
different land plant clades, in stark contrast to their highly conserved counterparts in the 
chloroplast genomes. The present distribution of plant mitochondrial introns likely reflects 
numerous ancient gains, duplications and losses during 500 million years of plant evolution, 
particularly before the emergence of seed plants. As a novelty for plant organelle genomes, 
we here report on five cases of introns-within-introns, so-called “twintrons” in the 
mitochondrial DNAs of lycophytes (clubmosses) and hornworts. An internal group II intron 
interrupts an intron-borne maturase of an external intron in Lycopodiaceae. Serial splicing of 
the internal intron precedes splicing of the external intron, likely as a prerequisite for 
maturase expression. A group II intron specific to Lycopodiales, to which we now refer as 
“hypermobile”, has invaded at least ten further locations including eight intergenic regions, 
itself and another previously overlooked intron turning a previously assumed pseudogene into 
a functional mitochondrial gene. In the latter cases, however, splicing of the external introns 
does not seem to rely on prior splicing of the, evidently degenerated, internal introns. Similar 
cases are identified in two other locations in the mtDNAs of hornworts. We suggest the term 
“zombie” twintrons (half alive, half dead) for the latter cases of external introns not 
necessarily relying on splicing of degenerated internal intron in such twintron arrangements. 


