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Cover photo: The mouse fertilized egg cell (zygote) at pronuclear stage. Guanine exchange factor RIC8A was 

visualized with an RIC8A antibody (red), microtubules with antibody to β-Tubulin (white) and DNA was stained 

with DAPI (blue). Photo: Tambet Tõnissoo 
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Institute of Molecular and Cell Biology and Institute of Genomics 

 

Annual Conference 2018 

  

Program 

 

Tuesday December 11
th

 2018  
 

9.15-9.30 Opening of the conference: Director of the IMCB Prof. Toivo Maimets,  

Director of the IG PhD Mait Metspalu  

 

Morning session  

 

9.30-9.50  Julia Bokajeva „Influence of human X chromosome structural variations and 

aberrations on X chromosome inactivation” 

9.50-10.10 Rain Inno „Identifying eQTL influence on gene expression through microRNAs“ 

10.10-10.30  Arina Lavrits „Characterization of extracellular vesicles produced by single human 

embryos at early stages of development“ 

 

10.30-11.00    Coffee break  

 

11.00-11.20  Viktorija Kukuškina “Endometrial receptivity revisited: endometrial transcriptome 

adjusted for tissue cellular heterogeneity” 

11.20-11.40  Artjom Stepanjuk „MUC20 expression marks the receptive phase of the human 

endometrium“ 

11.40-12.00  Marili Palover „Introducing personalized management to EGCUT female 

participants with breast cancer-related genetic findings (estPerMed1 project)“ 

12.00-12.40  Prof. Tambet Teesalu University of Tartu, Faculty of Medicine, Institute of 

Biomedicine and Translational Medicine, Department of Biomedicine, Cancer 

Biology Research Group, “Tumor homing peptides version 2.0: intratumoral ZIP 

codes” 

 

12.40-14.00    Lunch break  

 

Afternoon session  

 

14.00-14.20  

 

Kairi Raime „K-mer based method for the identification of plant taxa directly from 

raw sequencing reads of metagenomic sample” 

14.20-15.00  Prof. Hannes Kollist University of Tartu, Faculty of Science and Technology, 

Institute of Technology, “Guard Cells In Action” 

  

15.00-17.00    Poster session  
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Wednesday December 12
th

 2018 
 

Morning session  
 

9.10-9.30  Tina Saupe „A method to detect chromosomal aneuploidy for human ancient DNA“ 

9.30-9.50  Linda Ongaro „The European heritage of American Populations“ 

9.50-10.10  

 

Maarja Lepamets „New CNV quality measure enables discovering novel disease 

associations from genome-wide CNV analysis“ 

10.10-10.30  Anette Kalnapenkis „pQTL mapping and rare variant analysis for plasma proteins 

 

10.30-11.00     Coffee break  

 

11.00-11.20  Diana Bahhir “A novel link between mtDNA stress and global metabolic 

reprogramming” 

11.20-11.40  Silva Lilleorg „Remodeling of the bacterial ribosome during transition into 

stationary growth phase“ 

11.40-12.00  Vlad-Julian Piljukov „ Irc3 is active as a monomer on replication fork like DNA 

cofactors “ 

12.00-12.20  Kristina Põšnograjeva “Genome mining of non-conventional yeasts: search and 

characterization of MAL clusters and prediction of substrate specificity of α-

glucosidases” 

 

12.20-14.00    Lunch break  
 

Afternoon session  
 

14.00-14.20  
 

Sirli Rosendahl “The effects of toxin-antitoxin systems to the fitness and stress 

tolerance of Pseudomonas putida” 

14.20-14.40  

 

Ingrem Metsik „Evolution of bacterial populations in m-cresol-containing 

environment“ 

 

14.40-15.30   Coffee break  

 
15.30-15.50  Triin Korb „Aerobic bioleaching of Estonian graptolite argillite at neutral pH” 
15.50-16.30  Prof. Kalle Kirsimäe University of Tartu, Faculty of Science and Technology, 

Institute of Ecology and Earth Sciences, Chair of Geology and Mineralogy, 

„Microbes on and in terrestrial basalt"  

 

16.30    Ending of the conference, closing remarks and the award ceremony 
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Institute of Molecular and Cell Biology 

 

Institute of Molecular and Cell Biology, University of Tartu, is the only institute in Estonia, 

which teaches molecular and cell biology disciplines at all three academic levels of education 

(bachelor, master and PhD) and supports the teaching with robust research programs at 

corresponding areas. We highly value research-based higher education and maximally intertwine 

these two areas of academic activity using our own staff as well as collaborating with our 

colleagues from other academic units. 

 The Institute covers wide competence from microbiology and eukaryotic models to 

bioinformatics. Our research groups study new developments in bioinformatics, epigenetics, cell 

biology and enzymology. Important for us is to support collaboration and synergy between 

different research groups (e.g. molecular biology and genetics; biochemistry and cell biology). 

We have strong research infrastructure (microscopy, incl. electron transmission microscopy, 

FACS cell sorting, equipment for proteomics, metabolomics and transcriptomics). We also have 

a lab animal facility, incl. for transgenic mice. 

 The research programs at the Institute are covered with 26 different research grants and 

contracts: 4 institutional grants and 8 personal grants from Estonian Research Council; 3 ERA-

Net grants; 4 international grants, incl. Horizon2020; and several contracts with industry. This 

list reflects the intensity of our national and international research collaborations.  

 Our research programs are tightly connected with teaching of master and PhD students. 

The number of PhD degrees awarded in 2018 was 10, which has been stable over the last years. 

20 students got their MSc degrees in 2018. 

 In that context, a very important exercise of 2018 was international evaluation of our two 

PhD programs, which included thorough self-assessment report and site visit of Evaluation 

Panel. The decision of Estonian Quality Agency for Higher Education based on this evaluation 

was to give full accreditation to the PhD programs valid for the next 7 years. Now all our main 

teaching programs at all levels (PhD, MSc and BSc) are fully accredited.  

 Nevertheless, in the developing world and new challenges of the labor market we have to 

constantly improve our teaching programs. This year we have created a new Master Program, 

Molecular Biosciences, which was formulated in tight collaboration with our students and 

employers and was approved by the University Senate in October. This will replace our Gene 

Technologies MSc program and will start from autumn 2019. 

 The number of Gene Technology graduates in 2018 was 35 at bachelor and 9 at MSc 

levels. In addition, we taught MSc program on Biomedicine (together with Faculty of Medicine, 

11 graduates) and were involved in BSc program Biology and Biodiversity Conservation (24 

graduates). Also, the Institute is actively involved, together with the Institute of Technology, in 

teaching BSc level program Science and Technology in English (first graduates will be there in 

2019) and will be involved in the MSc Program Bioengineering from the next autumn (together 

with the Institute of Technology). 

 Institute of Molecular and Cell Biology is a leading partner in the Doctoral School of 

Biomedicine and Biotechnology, connecting other faculties of the University and our partners 

from TalTech, Tallinn University and Estonian University of Life Sciences. 

 The Institute is also active in popularization of research: we have Travelling Bioclass 

program for gymnasiums and active collaboration with Science Centre AHHAA and University 

School of Science (training talented students from gymnasiums). Together with Biology 
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Students’ Association we have started with Genetics Workshops, where students from 

gymnasiums get their first experience of benchwork. Active collaboration with biotech 

companies (e.g. Icosagen, Solis Biodyne, University Clinics, Thermo Fisher Scientific, Biotatec, 

BioAtlas, Centre of Competence for Health) creates for our students additional possibilities for 

training in these businesses, but also gives us valuable input for our further curriculum 

development. 

 The members of the Institute have actively contributed in writing fundamental textbooks 

in Estonian. In 2018 we published an electronic book “Cell Biology” written by 26 authors (T. 

Maimets and S.Kuuse, eds.). This adds to the Estonian language textbooks by our professors 

published earlier: “Genetics” by prof. Ain Heinaru (2012) and “Bioinformatics” by prof. Maido 

Remm (2015). 

 

 

Professor Toivo Maimets, 

Director 
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Chair of Bioinformatics 

 

In 2018 we have published seven papers, five of which has been led by the members of our own 

workgroup. Most notable results are development of a k-mer based genome analysis software 

PhenotypeSeeker that can build phenotype-specific models from individual bacterial genomes. 

We tested the software with several antimicrobial resistance phenotypes and achieved prediction 

accuracy 88-97%. 

 Aun E, Brauer A, Kisand V, Tenson T and Remm M. (2018). A k-mer-based method for the 

identification of phenotype-associated genomic biomarkers and predicting phenotypes of 

sequenced bacteria. PLoS Computational Biology, 14(10):e1006434. [Full text] 

We developed a k-mer based software for identification of bacterial plasmids from sequencing 

data: 

 Roosaare M, Puustusmaa M, Möls M, Vaher M, and Remm M. (2018). PlasmidSeeker: 

identification of known plasmids from bacterial whole genome sequencing reads. PeerJ, 6: 

e4588. [Full Text] 

We developed a novel method for finding species-specific k-mers from plant chloroplast 

genomes. This is a first step in the identification of plant DNA from food products: 

 Raime K and Remm M. (2018). Method for the Identification of Taxon-Specific k-mers 

from Chloroplast Genome: A Case Study on Tomato Plant (Solanum lycopersicum). Frontiers 

in Plant Science, 9: 6. [Full Text] 

 

Within the last 12 months, the publications from our workgroup have received more than 1300 

citations (http://scholar.google.com/citations?user=0OM9XQQAAAAJ).  

Teaching 

We teach the following courses: 

 Bioinformatics I (3 EAP) 

 Bioinformatics II (3 EAP) 

 Data Analysis in Molecular Biology (3 EAP) 

 Genomics (3 EAP) 

 Sequence analysis using Linux (6 EAP) 

 Genomics and Bioinformatics (6 EAP) 

 Laboratory Projects (2 EAP) 

Supervision  

Märt Roosaare defended his PhD thesis „K-mer based methods for the identification of bacteria 

and plasmids”. Three bachelor students (Sylvia Krupp, Marlen Timm, Brigitta-Robin Raudne) 

defended their theses this year. 

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006434
https://peerj.com/articles/4588/
https://www.frontiersin.org/articles/10.3389/fpls.2018.00006/full
http://scholar.google.com/citations?user=0OM9XQQAAAAJ
http://dspace.ut.ee/bitstream/handle/10062/60716/roosaare_mart.pdf?sequence=1&isAllowed=y
http://dspace.ut.ee/bitstream/handle/10062/60716/roosaare_mart.pdf?sequence=1&isAllowed=y
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Chair of Biophysics and Plant Physiology 

 

Main scientific achievements 

Excitons in light-harvesting complexes are known to significantly improve solar energy 

harnessing. In the Nature Communications paper (1) published early this year we first 

investigated and explained extreme thermal robustness of photosynthetic excitons. 

The group Biochemistry of Organelles was involved in studies characterizing the role of 

mitochondrial TYPE II topoisomerases, Top2a and Top2b,  in human mtDNA maintenance (5). 

Two bachelor thesis were defended, by Yuliya Basikhina (human mtDNA topic) and Triinu 

Arjus (stomatal regulation). 

Main publications 

 

1. Margus Rätsep, Renata Muru and Arvi Freiberg (2018) High temperature limit of 

photosynthetic excitons. Nature Communications 9, 99. 

2. Arvi Freiberg and Gyözö Garab (2018) Basic optical spectroscopy for light 

harvesting. In: Light Harvesting in Photosynthesis (Eds. Roberta Croce, Rienk 

van Grondelle, Herbert van Amerongen, Ivo van Stokkum), Ch. 17. 

3. Jörg Pieper, Petrica Artene, Margus Rätsep, Mihkel Pajusalu, and Arvi Freiberg 

(2018) Evaluation of electron−phonon coupling and spectral densities of 

pigment−protein complexes by line-narrowed optical spectroscopy. J. Phys. 

Chem. B 122, 9289−9301. 

4. Liina Kangur, Kõu Timpmann, Dominik Zeller, Patrick Masson, Judith Peters 

Arvi Freiberg (2019) Structural stability of human butyrylcholinesterase under 

high hydrostatic pressure. BBA - Proteins and Proteomics 1867, 107-113. 

5. Hangas, A., Aasumets, K., Kekäläinen, N.J., Paloheinä, M., Pohjoismäki, J.L., 

Gerhold, J.M. and Goffart, S. (2018) Ciprofloxacin impairs mitochondrial DNA 

replication initiation through inhibition of Topoisomerase 2. Nucleic acids 

research, 46, 9625-9636. 

 

Teaching activities 

 Lectures and practical courses in Basic Physics (BSc) 

 Lectures and practical courses in Biological Physics (BSc) 

 Lectures in Plant Physiology (BSc, MSc) 

 Practical course in Plant Molecular Biology (MSc) 

 Lectures in Introduction to Specialty (BSc) 

 Participating in Laboratory Projects of the Institute of Technology 
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Chair of Biotechnology  
 

Undergraduate and graduate student training: 

 

1. Rita Kreevan and Mare Vahtre defended their BSc. thesis; supervisor Tõnis Org 

2. Liisi Kink defended her MSc thesis; supervisors Olavi Reinsalu and Ants Kurg 

3. Olga Tšuiko defended her PhD thesis; supervisors Andres Salumets, Joris R. Vermeesch 

and Ants Kurg 

Teaching: 

 

LOMR.01.001 Molecular Biotechnology; LOMR.00.105 Introduction to gene technology; 

molecular- and cell biology; LOOM.00.027 Introduction to specialty in ecology and biology; 

LTOM.00.001 Training seminar in biology and wildlife protection; LTTI.00.012 Laboratory 

projects; LOMR.01.007 Rändav bioklass-I; LOMR.01.008 Rändav bioklass-II; prof. Ants Kurg 

LOMR.01.006 Genome-wide Methods in Molecular Biology; prof. Ants Kurg, associate prof. 

Tõnis Org 

LOMR.01.003 Practical Course in Genetic Engineering; LOMR.01.002 Structure and 

Function of the Genome; P1GV.00.001 Human Genomics; LTTI.00.002 Introductory Laboratory 

Course; associate prof. Tõnis Org 

 

Major research activities: 

 

1. Cultivation of human granulosa cells in collaboration with Dept. of Cell Biology and 

Competence Center for Health Technologies (CCHT). During folliculogenesis the oocyte 

is surrounded by granulosa cells (GCs), which are crucial to its development and 

maturation. The oocyte is not capable of some metabolic processes and needs nutritional 

support from GCs providing the oocyte with growth factors, hormones, and cytokines. 

Long-term culturing and testing of primary GCs would help to reveal granulosa-related 

fertility issues. There is need for efficient and defined conditions for studying these cells 

and therefore our aim is to develop serum-free culture conditions supporting long-term 

cultivation of primary GCs. 

2. DNA copy-number variations (CNVs) in patients with premature ovarian failure 

(POF) in collaboration with (CCHT) and University of Milan (Italy). Premature ovarian 

failure (POF) is defined as the cessation of ovarian function before the age of 40 years. 

The potential associations between CNVs and the onset of POF using Italian POF patient 

cohort (n=216) was investigated to clarify the genetic component of the disorder. 

3. Methods for sperm sex selection in farm animals in collaboration with Estonian 

University of Life Sciences (EULS). Probe set and methods for two-color sperm-FISH 

were developed and optimized for analysis of cattle sperm sex ratio after sex selection 

(Reinsalu etal submitted).  

4. The introduction of Non-Invasive Prenatal Testing (NIPT) methods in Estonia. 

In collaboration with CCHT and KU Leuven (Belgium) we introduced NIPT approach into 

clinical practice in Estonia under the brand name NIPTIFY™. The method is based on massive 

parallel sequencing of cell-free DNA (cfDNA) in maternal plasma for detection of fetal 

aneuploidies by applying of a new analysis tool, called NIPTmer.  

5. The role of transcription factors and epigenetics in controlling cell identity. In 

collaboration with USC we have looked at the transcriptomic and epigenetic features that 

determine human skeletal ontogeny. In addition, we are continuing to build the necessary tools, 

using genome editing techniques such as CRISPR-Cas9, to study the function of hematopoietic 

master regulator Tal1.  
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6.  Development of new methods for epigenetic profiling of small number of cells. To 

enable epigenetic studies from well defined cell populations we have developed a new ChIP-seq 

method that allows to study genome-wide histone posttranslational modifications from as few as 

100 cells. Subsequently, in collaboration with CCHT and EULS, we have used the new method 

to derive the first genome-wide maps of histone H3K4me3 and H3K27me3 from inner cell mass 

and trophoectoderm of blastocyst stage bovine embryos (Org et al., submitted). 

 

Publications 2018: 

 

1. Tšuiko O, Jatsenko T, Parameswaran Grace LK, Kurg A, Vermeesch JR, Lanner F, Altmäe S, 

Salumets A (2018) A speculative outlook on embryonic aneuploidy: can molecular pathways 

be involved? Dev Biol. 2018 Jan 29. pii: S0012-1606(17)30341-X. doi: 

10.1016/j.ydbio.2018.01.014.  

2. Sauk M, Žilina O, Kurg A, Ustav EL, Peters M, Paluoja P, Roost AM, Teder H, Palta P, 

Brison N, Vermeesch JR, Krjutškov K, Salumets A, Kaplinski L. (2018) NIPTmer: rapid k-

mer-based software package for detection of fetal aneuploidies. Sci Rep. 2018 Apr 

4;8(1):5616. doi: 10.1038/s41598-018-23589-8 

3. Tšuiko O, Zhigalina DI, Jatsenko T, Skryabin NA, Kanbekova OR, Artyukhova VG, 

Svetlakov AV, Teearu K, Trošin A, Salumets A, Kurg A, Lebedev IN. (2018) Karyotype of 

the blastocoel fluid demonstrates low concordance with both trophectoderm and inner cell 

mass. Fertil Steril. 2018 Jun;109(6):1127-1134.e1. 

doi: 10.1016/j.fertnstert.2018.02.008. 

4. Ferguson GB, Van Handel B, Bay M, Fiziev P, Org T, Lee S, Shkhyan R, Banks NW, 

Scheinberg M, Wu L, Saitta B, Elphingstone J, Larson AN, Riester SM, Pyle AD, Bernthal 

NM, Mikkola HK, Ernst J, van Wijnen AJ, Bonaguidi M, Evseenko D. (2018) Mapping 

molecular landmarks of human skeletal ontogeny and pluripotent stem cell-derived articular 

chondrocytes. Nat Commun. Sep 7;9(1):3634. doi: 10.1038/s41467-018-05573-y 

 

Intellectual property 2018: 

 

Org, T., Salumets, A., Kurg, A. (2018) Title: Method and kit for library preparation from low 

input chromatin samples. Filing number: PCT/EP2018/077934; priority date: 12. October 2018 

 

Prof. Andres Metspalu 

 

According to the “Clarivate Analytics” prof. Andres Metspalu was among of the top cited list 

Estonian researchers (3000 world-wide incl. all research areas).  

In 2018, Prof. Andres Metspalu received “Lifetime Genetics Award” from the Estonian Society 

of the Human Genetics.  

 

Undergraduate and graduate student training: The following PhD dissertation was defended 

in 2018: 

 

Natalia Pervjakova PhD: supervisors Andres Metspalu and Reedik Mägi 

 

Teaching: 

 

LOMR.01.005 Human Genetics 

And few lectures in LOMR.01.006 and LOMR.00.105 
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Publications 2018: 

 

Prof. Andres Metspalu published as a co-author over 30 papers and chapters so far. 

I’ll give few examples, but pubmed has a full list. 

  

 

1. Genetic influence on social outcomes during and after the Soviet era in Estonia. Kaili 

Rimfeld, Eva Krapohl, Maciej Trzaskowski, Jonathan R.I. Coleman, Saskia Selzam, 

Philip S. Dale, Tonu Esko, Andres Metspalu, Robert Plomin. Nat Hum Behav. 2018 Apr; 

2(4): 269–275. PMCID: PMC5986072 

2. Genetic variation in the Estonian population: pharmacogenomics study of adverse drug 

effects using electronic health records. Tasa, Tonis; Krebs, Kristi; Kals, Mart; Magi, 

Reedik; Lauschke, Volker M; Haller, Toomas; Puurand, Tarmo; Remm, Maido; Esko, 

Tonu; Metspalu, Andres; Vilo, Jaak; Milani, Lili. European journal of human genetics: 

EJHG, DOI:10.1038/s41431-018-0300-6 2018-Nov-12 

3. Fine-mapping type 2 diabetes loci to single-variant resolution using high-density 

imputation and islet-specific epigenome maps. Mahajan, Anubha; Taliun, Daniel; 

Metspalu, Andres…. Stefansson, Kari; Gloyn, Anna L.; Morris, Andrew P.; Boehnke, 

Michael; McCarthy, Mark, I. Nature Genetics 50, 11, p.1505 (2018). 

DOI:10.1038/s41588-018-0241-6 

4. Recall by genotype and cascade screening for familial hypercholesterolemia in a 

population-based biobank from Estonia. Maris Alver, Marili Palover, Aet Saar, Kristi 

Läll, Seyedeh Maryam Zekavat, Neeme Tõnisson, Liis Leitsalu, Anu Reigo, Tiit 

Nikopensius, Tiia Ainla, Mart Kals, Reedik Mägi, Stacey B. Gabriel, Jaan Eha, Eric S. 

Lander, Alar Irs, Anthony Philippakis, Toomas Marandi, Pradeep Natarajan, Andres 

Metspalu, Sekar Kathiresan, and Tõnu Esko. Genetics in Medicine, 2018, doi: 

10.1038/s41436-018-0311-2. 

5. Gene discovery and polygenic prediction from a genome-wide association study of 

educational attainment in 1.1 million individual James J. Lee, Robbee Wedow,…Andres 

Metspalu,… David Cesarini, Nature Genetics VOL 50 | AUGUST 2018, 1112–1121  

6. Genome-wide analysis of nuclear magnetic resonance metabolites revealed parent-of-

origin effect on triglycerides in medium very low-density lipoprotein in PTPRD gene: 

Pervjakova, N.; Kukushkina, V.; Haller, T.; Kasela, S.; Joensuu, A.; Kristiansson, K.; 

Annilo, T.; Perola, M.; Salomaa, V.; Jousilahti, P.; Metspalu, A.; Mägi, R. 

Biomark.Med.(2018)12(5),439–446  

 

 

International Conference speaker, Session Chair: 

1. International Scientific Conference on Medicine at the University of Latvia, February 23, 

2018  http://psihiatruasociacija.lv/LUConf2018_PrelimProgramme.pdf 

2. Global Genomic Medicine Collaborative. International Cohorts Summit, March 26-27, 

2018, Durham, NC, USA 

https://g2mc.org/assets/site/files/International%20Cohorts%20Summit_%20March%202

6-27%202018%20Meeting%20Summary_FINAL.pdf 

3. 7th
 Baltic Atherosclerosis Society Congress 6-7, April 2018, Tallinn, Estonia 

“Precision medicine and Estonian Genome project” https://www.med24.ee/7th-baltic-

atherosclerosis-society-congress 

4. Keystone Symposia. One Million Genomes: From Discovery to Health 4-9.06-2018 

Hanover, Germany 

http://www.keystonesymposia.org/index.cfm?e=Web.Meeting.Program&meetingid=153

9&subTab=program 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5986072/
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Tasa%2C+Tonis
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Krebs%2C+Kristi
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Kals%2C+Mart
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Magi%2C+Reedik
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Magi%2C+Reedik
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Lauschke%2C+Volker+M
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Haller%2C+Toomas
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Puurand%2C+Tarmo
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Remm%2C+Maido
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Esko%2C+Tonu
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Esko%2C+Tonu
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Metspalu%2C+Andres
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Vilo%2C+Jaak
http://apps.webofknowledge.com.ezproxy.utlib.ut.ee/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=F11S2CunvsK2ZXdm3mi&field=AU&value=Milani%2C+Lili
https://www-nature-com.ezproxy.utlib.ut.ee/articles/s41588-018-0147-3#auth-1
https://www-nature-com.ezproxy.utlib.ut.ee/articles/s41588-018-0147-3#auth-2
https://www-nature-com.ezproxy.utlib.ut.ee/articles/s41588-018-0147-3#auth-355
http://psihiatruasociacija.lv/LUConf2018_PrelimProgramme.pdf
https://g2mc.org/assets/site/files/International%20Cohorts%20Summit_%20March%2026-27%202018%20Meeting%20Summary_FINAL.pdf
https://g2mc.org/assets/site/files/International%20Cohorts%20Summit_%20March%2026-27%202018%20Meeting%20Summary_FINAL.pdf
https://www.med24.ee/7th-baltic-atherosclerosis-society-congress
https://www.med24.ee/7th-baltic-atherosclerosis-society-congress
http://www.keystonesymposia.org/index.cfm?e=Web.Meeting.Program&meetingid=1539&subTab=program
http://www.keystonesymposia.org/index.cfm?e=Web.Meeting.Program&meetingid=1539&subTab=program
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5. In brain-storming meeting on the Digital transformation of health and care, 

representatives from the European health-related infrastructures that are part of the 

Corbel project, as well as some other key stakeholders such as the International 

Consortium for Personalised Medicine (ICPerMed). https://www.icpermed.eu  

6. Euroscience Open Forum (ESOF) 2018, 9-14, July 2018, Toulouse, France 

https://www.esof.eu/en/about/international-committees/programme-committee.html 

7. Precision Medicine & Biomarkers Leaders Summit:Europe 13-14, September 2018, 

Munich, Germany http://www.global-engage.com/event/precision-biomarkers-leaders-

europe/#agenda 

8. Week of Health and Innovation 2018, October, 9-11, Odense, Denmark 

https://www.whinn.dk/programme/#event-1544 

9. Eesti TA 80 raames toimuval rahavusvahelisel konverentsil "ADVISORY ROLE OF 

ACADEMIES IN THE INFORMATION-RICH SOCIETY" 

http://www.akadeemia.ee/_repository/file/TEGEVUS/YRITUSED_2018/Programme_of

_the_October_conference_03 

10. 2nd European Alliance for Personalised Medicine (EAPM) Congress. Foreard as One: 

Integrating Innovation into Europe's Healthcare Systems http://eapmmilan2018.com/day1-

genomic-track-session- 

https://www.whinn.dk/programme/#event-1544
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Chair of Cell Biology 

 

A. Group of Dr. Viljar Jaks 

 

The group of somatic stem cell biology was restarted in the beginning of 2018. After recruiting 

the lab staff we continued the projects on liver regeneration stopped in 2016 and started novel 

projects related to epidermal regeneration and stem cell biology.  

We continued elucidating the puzzling nature of putative Lgr5+ liver progenitor cells appearing 

in the liver after parenchymal damage. We have performed extensive molecular characterization 

of these cells as well as in vivo lineage tracing experiments and molecular characterization using 

transcriptomics approach. All the results point to the potential macrophage identity of these cells. 

This finding is quite unexpected and currently we are substantiating our obesrvations with 

further experiments.  

We have also initiated new research lines directed to the characterization of human interfollicular 

keratinocyte stem cells and their potential niche as well as studying the regulation of skin 

regeneration by potential signals from nervous system. We have obtained preliminary results 

related to potential IFE stem cell and are working on substantiating our findings.  

 

B. Group of Prof. Arnold Kristjuhan 

 

1. Studies the mechanisms of RNA polymerase II dependent transcription in chromatin. 

We found that Rpb9 protein, a non-essential subunit of RNA polymerase II, is required for 

proper activation of DNA damage checkpoint and consequent phosphorylation of Rad53 and 

H2AX proteins that are key regulators of DNA damage response. Our results also demonstrate 

that acetylation of H3 is required for efficient repair of double-strand DNA beaks (DSBs) in 

yeast cells and it becomes particularly important in the cells where DNA damage response 

signalling is suppressed. We show that hypoacetylation of H3 in combination with reduced DNA 

damage signalling in Rpb9-deficient cells leads to unequal distribution of genomic DNA in 

mitosis and eventually to cell death (Sein et al., 2018). 

 

2. Studies of the mechanisms regulating DNA replication origin activation. 

In budding yeast, activation of many replication origins is regulated by their chromatin 

environment, whereas others are chromatin-independent and are regulated by Forkhead family 

transcription factors. We have found that precise spatial and directional arrangement of Forkhead 

binding sites is crucial for early firing of chromatin-independent origins. To understand the 

mechanisms how Forkhead proteins are recruited to early origins, we made short deletions in 

Fkh1 protein to map the residues required for binding to replication origins. Our results indicate 

that the C-terminal domain of the protein is necessary for origin binding while it is not required 

for Fkh1 to regulate its transcriptional targets. 

We also studied the role of conserved H2I structure of the Mcm3 protein in regulation of DNA 

replication and cellular response to oxidative stress. We found that in higher eukaryotes this 

structure is essential for binding of Mcm3 to oxidative stress response coordinator protein 

Keap1. This interaction is likely one of the main functions of H2I motif as mutations in this 

structure abolish Mcm3-Keap1 interaction, but has limited effect on cell survival and DNA 

replication efficiency in yeast cells (Tamberg et al., 2018). 
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C. Group of Prof. Toivo Maimets 
 

The maintenance of the pluripotency of human embryonic stem (hES) cells requires special 

conditions for culturing. These conditions include specific growth factors containing media and 

extracellular matrix (ECM) or an appropriate substrate for adhesion. Interactions between the 

cells and ECM are mediated by integrins, which interact with the components of ECM in active 

conformation. We have focused on the characterisation of the role of integrin β1 in the adhesion, 

migration and differentiation of hES cells. Blocking integrin β1 abolished the adhesion of hES 

cells, decreasing their survival and pluripotency. This effect was in part rescued by the inhibition 

of RhoA signalling with Y-27632. The presence of Y-27632 increased the migration of hES cells 

and supported their differentiation into embryoid bodies. The differences in integrin β1 recycling 

in the phosphorylation of the myosin light chain and in the localisation of TSC2 were observed 

between the hES cells growing as a single-cell culture and in a colony. The hES cells at the 

centre and borders of the colony were found to have differences in their morphology, migration 

and signalling network activity. We concluded that the availability of integrin β1 was essential 

for the contraction, migration and differentiation ability of hES cells (Kallas-Kivi 2018). 

 

 

Sein, H., Reinmets, K., Peil, K., Kristjuhan, K., Värv, S., Kristjuhan, A. (2018). Rpb9-

deficient cells are defective in DNA damage response and require histone H3 acetylation for 

survival. Scientific Reports 8:2949. 

 

Tamberg, N., Tahk, S., Koit, S., Kristjuhan, K., Kasvandik, S., Kristjuhan, A., Ilves I. 
(2018). Keap1-MCM3 interaction is a potential coordinator of molecular machineries of 

antioxidant response and genomic DNA replication in metazoa. Scientific Reports 8:12136. 

 

Kallas-Kivi, A., Trei, A., Stepanjuk, A., Ruisu, K., Kask, K., Pooga, M., Maimets, T. (2018). 

The role of integrin β1 in the heterogeneity of human embryonic stem cells culture. Biol Open. 

Nov 1;7(11). 

 

Ervin, H.-E., Pook, M., Teino, I., Kasuk, V., Pooga, M., Maimets, T. Targeted gene silencing 

in human embryonic stem cells using cell penetrating peptide PepFect 14. Stem Cell Research & 

Therapy, revision. 

 

https://www.ncbi.nlm.nih.gov/pubmed/30385434
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Chair of Developmental Biology  

 

Research 

1. Elucidation of RIC8A functions in the mammalian neurogenesis. Disorders such as 

Fukuyama congenital muscular dystrophy, Walker-Warburg syndrome, and the muscle-eye-brain 

disease are characterized by defects in patients’ brain, eyes, and skeletal muscles. The 

developmental defects of brain include type II lissencephaly in the cerebral cortex with 

characteristic overmigrations of neurons through the breaches of the pial basement membrane. 

Similar defects in corticogenesis, and neuromuscular disorders were also found in mice with 

ablation of RIC8A (Resistance to inhibitors of cholinesterase 8; non-canonical guanine 

nucleotide exchange factor for a subset of Gα subunits and a chaperon for Gα proteins) from 

neural precursor cells. The absence of RIC8A strongly interfered with the attachment and 

positioning of radial glial processes, Cajal-Retzius' cells, and the arachnoid trabeculae. 

Furthermore, these RIC8A deficient mice displayed defects of the lens, skeletal muscles, and 

heart development, reminiscent of syndromes mentioned above [1]. 

 

2. Analysis of the membrane crossing mechanisms of hydrophilic peptides and delivery of 

nucleic acids to cells. Mechanisms that enable direct translocation of cell-penetrating peptides 

(CPP) across the lipid bilayers have been intensely studied but still the consensus is not reached 

so far, which partner molecules on/in the membranes are required for that. By pulling-down 

vesicles made of plasma membrane (PMV) of cells with Arg9 peptide, and applying proteomics 

analysis, we demonstrated that nucleolin was required for association of CPP with PMV. 

Nucleolin, the resident protein of nucleolus is in minute concentrations also exposed on the cell 

surface, and its downregulation by siRNA or interference with its functioning by antibodies 

strongly suppresses the translocation of CPPs across the membrane of PMV. In addition, CPPs 

penetrate more efficiently through the less ordered, more dynamic membranes, and removal of 

cholesterol substantially increases translocation [2].  

CPPs have evolved into efficient tools for transduction of exogenous nucleic acids into cells’ 

interior and regulation of gene expression at various stages of biological information processing 

both in vitro and in vivo. Second generation CPPs condense nucleic acid (NA) into nanoparticles 

(NP), whose properties are in very good correlation with the effect of delivered NA in cells. We 

demonstrated that the NP assembled from NF55 and pDNA at moderate concentration have 

uniform morphology in contrast to particles forming at high concentration of constituents. 

Furthermore, the uniform NP lyophilised and stored for several months retain their full 

biological activity. Moreover, administration of these NP to mice ensures high-level expression 

of protein encoded by pDNA [3]. 

In collaboration with the group studying the pluripotency of human embryonic stem cells (hESC) 

we assessed the role of Integrin β1 in the maintenance of pluripotency and specific gene 

expression pattern of hESC. Blockage of Integrin β1 with antibodies abolished adhesion of hESC 

to substrate, decreased their survival and pluripotency. However, this was partly rescued by the 

suppression of RhoA signalling with Y-27632, which also increased the migration of hES cells 

and induced differentiation into embryoid bodies. Integrin β1 was differently recycling in the 

single-cell culture and in a colony, leading to differences in hES cells morphology, migration 

and signalling network activity [4]. 

  

Publications in 2018: 

1. Kask, K.; Tikker, L.; Ruisu, K.; Lulla, S.;
 
Oja, E.M.; Meier, R.; Raid, R.; Velling, T.; 

Tõnissoo, T.; Pooga, M. (2018) Targeted deletion of RIC8A in mouse neural precursor cells 
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interferes with the development of the brain, eyes, and muscles, Developmental Neurobiology, 

78(4), 374-390. doi: 10.1002/dneu.22578. 

2. Lorents, A.; Säälik, P.; Langel, Ü.; Pooga, M. (2017) Arginine-rich cell-penetrating peptides 

require nucleolin and cholesterol-poor subdomains for translocation across membranes, , 

Bioconjugate Chemistry, 29(4), 1168-1177. doi: 10.1021/acs.bioconjchem.7b00805 

3. Freimann, K.; Arukuusk, P.; Kurrikoff, K.; Pärnaste, L.; Raid, R.; Piirsoo, A.; Pooga, M.; 

Langel, Ü. (2017) Formulation of stable and homogenous cell penetrating peptide NF55 

nanoparticles for efficient gene delivery in vivo, Molecular Therapy Nucleic acids, 10, 28-35. 

doi: 10.1016/j.omtn.2017.10.011 

4. Kallas-Kivi, A.; Trei, A.; Stepanjuk, A.; Ruisu, K.; Kask, K.; Pooga, M.; Maimets, T. (2018) 

Availability of integrin β1 determines the heterogeneity and differentiation ability of human 

embryonic stem cells, Biology Open, 7(11). pii: bio034355. doi: 10.1242/bio.034355. 

 

Teaching: 

 

LOMR.09.001 Developmental Neurobiology (res. Tambet Tõnissoo)  

LOMR.09.003 Laboratory Course in Human Anatomy (res. Martin Kärner) 

LOMR.09.016 General Histology (res. Martin Kärner) 

LOMR.09.025 Microscopy II (res. Raivo Raid) 

LOMR.09.026 Microscopic Anatomy (res. Martin Kärner) 

LOMR.09.027 Molecular Developmental Biology (res. Tambet Tõnissoo) 

LOMR.09.029 Developmental Biology (res. Tambet Tõnissoo) 

LOMR.09.032 Human Anatomy and Physiology (with Practical Course) (res. Raivo Raid) 

LTMR.09.001 Developmental Biology (res. Tambet Tõnissoo) 

 

 Scholarship of Teaching and Learning (Raivo Raid) 

 

Dissertations in 2018:  

 

Students at Chair of Developmental Biology defended 1 BSc. dissertation in 2018 (Mihkel 

Veski; Chief supervisor T. Tõnissoo). In addition, T. Tõnissoo co-supervised 3 M.Sc. 

dissertations (Maria Kaare, Eva-Maria Oja, Liisi Tarve) in collaboration with other institutes of 

Tartu University. 
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Chair of General and Microbial Biochemistry 

 

In our chair, PhD degrees defended Jürgen Jalak and Ilja Gaidutchik. Jürgen continues as a 

Lecturer in Biochemistry and Ilja moved on to Institute of Technology to join the group of prof. 

Ülo Langel.  

 Three students are continuing or starting their PhD studies: Natalja Garber, Vlad Piljukov and 

Sirelin Sillamaa 

 

Our research targets 3 different topics: 

1. Degradation of structural polysaccharides cellulose and chitin, leading researcher Priit 

Väljamäe, PhD.  

The group has been active mostly in the field of  cellolytic hydrolyses. During the last 

couple of years lytic monooxygenases have became another rapidly developing focus. 

2. mtDNA topology and mitochondrial DNA metabolic enzymes in the yeast 

Saccharomyces cerevisiae, leading researcher Juhan Sedman, PhD.  

Our last years focus was on two helicases, Irc3 and Hmi1 and the data are presented by 

our graduate students during the conference. We have also initiated comparative analysis 

of mtDNA in wt and rho- yeast strains.   

3. The group lead by Priit Jõers, PhD has succesfully unraveled a novel mechanism of 

mtDNA stress response, which was found to be mediated via inactivation of Akt kinase 

and decrease cytonuclear protein acetylation. These mechanisms converged into 

multilayered inhibition of carbohydrate catabolism. This also caused depletion of 

ketogenic amino acids capable of replenishing cytosolic AcCoA pool, leading to 

interesting behavioral changes due to lack of amino acid-derived neurotransmitters.  

  

References 

1. Kuusk S, Bissaro B, Kuusk P, Forsberg Z, Eijsink VGH, Sørlie M, Väljamäe P. (2018) 

Kinetics of H2O2-driven degradation of chitin by a bacterial lytic polysaccharide 

monooxygenase. J Biol Chem. 2018 Aug 3;293(31):12284 
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Chair of Genetics 

 

Major research activities 

 

Mutational processes in bacteria (Prof. Maia Kivisaar) 

 

We have investigated a role of TCR factor Mfd and DNA helicase UvrD in DNA damage 

tolerance and mutagenesis under stressful conditions of Pseudomonas putida. Our results 

revealed that UvrD is essential for preventing formation of mutations both in exponential- and 

stationary-phase cells. Mfd, on the other hand, has no influence on the frequency of the 

occurrence of mutations in exponentially growing cells of P. putida, but it contributes to the UV-

induced mutagenesis and to the mutagenesis taking place in stationary-phase cells. Noteworthy, 

our findings revealed that the absence of UvrD does not entirely disable NER and MMR in P. 

putida. We also continued our studies on a role of tRNA modification enzymes TruA and RluA 

on mutation frequency and translational fidelity in pseudomonads and E. coli in collaboration 

with prof. Jaanus Remme and observed some differences in translational fidelity between the 

studied organisms.   

Stress tolerance mechanisms in bacteria (Senior researcher Rita Hõrak) 

 

In 2018 we have continued with the analysis of fitness effects of chromosomal toxin-antitoxin 

systems (TAS) in P. putida. Data obtained so far do not support the popular hypothesis that 

genomic TAS serve as stress response elements, as deletion of 13 TAS does not affect P. 

putida’s stress tolerance. Given that the strain omitted from 13 TAS has a competitive advantage 

over the wild-type, the multiple genomic TAS rather appear to influence the bacterium’s fitness 

negatively. This year we also completed a study that demonstrates that the tripartite energy 

transfer TonBm-PocA-PocB system is required for maintenance of cell membrane integrity and 

polar positioning of flagella. 

 

Global regulators in P. putida (Associated prof. Riho Teras) 

 

Significant progress has been made in ascertainment of environmental factors influence to 

colonization of plant roots by Pseudomonas putida. We reported that the overexpression of 

global regulator Fis reduced ROS-tolerance of P. putida and thereby diminished the efficiency of 

barley root colonization. The reason for these negative effects could appear via enhanced 

expression of the nuoA-N operon by Fis resulting in the accumulation of endogenous ROS. The 

nuoA-N knockout mutation in the fis-overexpression background increased the ROS-tolerance 

and adherence to barley roots. 

 

We continued the research in the field of Pseudomonas putida biofilm development and 

regulation by global regulators. The two-component signal system GacS/A is the central factor 

that regulates the biofilm formation in Pseudomonads. In this year we started to investigate the 

regulation of gacS and gacA transcription in P. putida. We have mapped the location of gacA 

promoters. To study the dynamics of P. putida biofilm, we have constructed the P. putida gacA 

knock-out strain and GacS-deficient strain.  

 

Study of microbial glycoside hydrolases from structural, biotechnological and evolutionary 

aspect. Application of endo-levanase to degrade levan into potentially prebiotic 

oligosaccharides (Associated prof. Tiina Alamäe) 
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We proceeded with crystallization experiments of the endo-levanase of a human gut commensal 

Bacteroides thetaiotaomicron in collaboration with P. Eek from Tallinn University of 

Technology. Prebiotic effect of raffinose, melibiose and raffinose-derived levan on gut consortia 

of normal- and overweight children was studied. This work was done in collaboration with S. 

and K. Adamberg from Center of Food and Fermentation Technologies (Tallinn) and A. 

Larionova and T. Voor from Department of Pediatrics, Institute of Clinical Medicine, University 

of Tartu. Genomes of non-conventional yeasts were analysed for the presence and composition 

of MAL gene clusters. Phylogenesis of α-glucoside permease and α-glucosidase genes residing in 

the MAL clusters was analysed. Effect of dehydration on the α-glucoside transporter of baker’s 

yeast was studied in collaboration with A. Rapoport (Latvia). 

 

Microbial biodegradation I (Prof. Ain Heinaru) 

Rapid evolution due to the horizontal gene transfer of biodegradation plasmids and its phenol-

degrading genes (pheBA operon) in Pseudomonas fluorescens type environmental strains under 

specific environmental conditions was found. It was documented that among 31 strains 5 

plasmids belong to the IncP9 (PC20, P101) and IncP7 (PC24, PC26, PC31) incompatibility 

groups and six plasmids (pNAH20, pPHE20, pG20, pPHE69, pG69, pPHE101 and pPC24) were 

sequenced (NCBI database). These studies revealed that the toxin-antitoxin gene modules in 

newly discovered G plasmids stabilise the multi-plasmid system in strains P69 and PC20 having 

two and three plasmids, respectively, and that the degradative plasmids change the growth 

parameters in transconjugants. The studied strains belong to the Collection of Environmental and 

Laboratory Microbial Strains (CELMS). 

 

Microbial biodegradation II (Researchers Signe Viggor and Merike Jõesaar, prof. Maia 

Kivisaar)  

 

Pseudomonas pseudoalcaligenes ICTN13 and Acinetobacter venetianus ICP1 were isolated from 

the crude oil refinery wastewater treatment plant. For degradation of phenol strains ICTN13 and 

ICP1 possess multicomponent phenol hydroxylase but catechol is degraded via catechol meta 

and ortho pathways, respectively. The growth experiments on phenol (1.3 mM) revealed that 

although the strains ICP1 and ICTN13 use different pathways for the degradation of phenol, in 

both cases intermediates accumulate in the medium. The mixed culture cultivations on phenol 

revealed the complementary impact of both strains. At the optimum growth temperature (30 °C) 

the length of lag-time decreased and the growth rate increased, accompanied with diminished 

external concentrations of the intermediates of the phenol catabolism pathways.  

 

Response of microbial communities to anthropogenic and natural stressors (Prof. Jaak 

Truu)  

 

We continued with the study of natural degradation rates of different oil fractions in seawater, 

seawater-ice interface, sediments, and shoreline taking into account environmental parameters, 

dispersants application, cleaning and washing agents, and electro-kinetic treatment. Based on the 

field and lab-scale experiments the determination of key bacterial species and metabolic 

pathways responsible for the degradation of different oil fractions in different sea compartments 

of the Baltic Sea and the Northern Atlantic was performed. In addition, the effect of simulated 

drought on the community structure, abundance and diversity of microbial communities across 

different climatic and soil conditions was assessed based on soils samples obtained from field 

experiments in Spain, Germany and Sweden. We continued with the studies about resistome 

structure and abundance in different biotechnological applications. 
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Bioleaching of metals from Estonian graptolite argillite by using consortia of laboratory-

evolved indigenous microorganisms (Researcher Anne Menert and prof. Maia Kivisaar)   

The presence of organic matter is one of the limitations for efficient bioleaching of metals from 

ores. In order to obtain higher yields of bioleached metals, anaerobic and aerobic cultivation 

conditions could be combined. In anaerobic stage of the two-stage experiment, a syntrophic 

consortium of heterotrophic neutrophils and methanogenic archaea degrades the organometallic 

complexes, leaches out the metal compounds and generates methane from the remaining organic 

fraction. By data on bioinformatics and metal analysis the hypothesis on metal removal and 

recovery by sulfidogenesis was verified. The residue of anaerobic stage could be used as 

substrate in the following aerobic stage in neutral or acidic conditions. 

 

Publications: 

Yan, L.; Yu, D.; Hui, N.; Naanuri, E.; Viggor, S.; Gaforov, A.; Sokolov, S.; Heinaru, A.; 

Romantschuk, M. (2018). Distribution of archaeal communities along the coast of the Gulf of 

Finland and their response to oil contamination. Frontiers in Microbiology, 9, 

1−19.10.3389/fmicb.2018.00015.  

 

Teppo A, Lahesaare A, Ainelo H, Samuel K, Kivisaar M, Teras R (2018) Colonization efficiency 

of Pseudomonas putida is influenced by Fis-controlled transcription of nuoA-N operon. PLoS 

One 13: e0201841.doi: 10.1371/journal.pone.0201841 

 

Ukkivi K., Kivisaar, M. (2018). Involvement of transcription-coupled factor Mfd and DNA 

helicase UvrD in mutational processes in Pseudomonas putida. DNA Repair, 72:18-27. 

https://doi.org/10.1016/j.dnarep.2018.09.011 

 

Kivisaar, M. (2018). The effect of cellular redox status on the evolvability of new catabolic 

pathways. MBio, 9(5). pii: e01981-18. doi:10.1128/mBio.01981-18 

 

Adamberg, K., Adamberg, S., Ernits, K., Larionova, A.,Voor, T., Jaagura, M., Visnapuu, T., 

Alamäe, T., (2018). Composition and metabolism of fecal microbiota from normal and 

overweight children are differentially affected by melibiose, raffinose and raffinose-derived 

fructans. Anaerobe, 52, 100−110.10.1016/j.anaerobe.2018.06.009. 

Kulikova-Borovikova, D., Lisi, S., Dauss, E., Alamäe, T., Buzzini, ., Hallsworth, J., Rapoport, 

A. (2018). Activity of the α-glucoside transporter Agt1 in Saccharomyces cerevisiae cells during 

dehydration-rehydration events. Fungal Biology, 122 (6), 

613−620.10.1016/j.funbio.2018.03.006. 

Viigand, K., Põšnograjeva, K., Visnapuu, T., Alamäe, T. (2018). Genome Mining of Non-

Conventional Yeasts: Search and Analysis of MAL Clusters and Proteins. Genes, 9 (7, 354), 

1−19.10.3390/genes9070354. 

Nõlvak, H., Truu, M., Oopkaup, K., Kanger, K., Krustok, I., Nehrenheim, E., & Truu, J. (2018). 

Reduction of antibiotic resistome and integron-integrase genes in laboratory-scale 

photobioreactors treating municipal wastewater. Water Research, 142.  

Tipayno, S. C., Truu, J., Samaddar, S., Truu, M., Preem, J.-K., Oopkaup, K., Sa, T. (2018). The 

bacterial community structure and functional profile in the heavy metal contaminated paddy 

soils, surrounding a nonferrous smelter in South Korea. Ecology and Evolution, 8(12).  

https://doi.org/10.3389/fmicb.2018.00015
https://doi.org/10.1371/journal.pone.0201841
https://doi.org/10.1016/j.dnarep.2018.09.011
https://doi.org/10.1128/mBio.01981-18
https://doi.org/10.1016/j.anaerobe.2018.06.009
https://doi.org/10.1016/j.funbio.2018.03.006
https://doi.org/10.3390/genes9070354
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Samaddar, S., Chatterjee, P., Truu, J., Anandham, R., Kim, S., & Sa, T. (2019). Long-term 

phosphorus limitation changes the bacterial community structure and functioning in paddy soils. 

Applied Soil Ecology, 134, 111–115. http://doi.org/10.1016/J.APSOIL.2018.10.016 

 

Other publications: 

1. Ain Heinaru. ÜKS MEETER ELU  100 müüti geneetikast: midagi sinust ja sulle. 368 lk, 

Tartu ülikooli kirjastus, 2018 

2. Eeva Heinaru, Eve Naanuri. Experimental Microbiology. Tartu, 103 pp, pdf. University of 

Tartu, Institute of Molecular and Cell Biology. Tartu ülikooli kirjastus, 2018. Võrguväljaanne: 

https://www.ester.ee/record=b5172310*est 

 

Patent application 

 

Menert, A., Kivisaar, M., Sipp KUlli, S., Heinaru, A., Maidre, T. Method for decomposition of 

the metallorganic matter of graptolite-argelite by microbial consortium. Proprietor: Biotatec OÜ; 

Patent No. 17712017.7 – 1014 PCT/EE2017000001. European Patent Office. Date: 25.04.2018  

 

International Collaboration 2018: 

 

Belgium (R. Loris), Spain (V. de Lorenzo,  J.-M. Mancheno), Portugal (Pedro Santos), 

Germany (H.J. Heipieper, N. Volk), Denmark (P. I. Nikel), Finland (M. Romanchuk), Latvia 

(A. Rapoport), Russia (A. Boronin), Ukraine (A. Sibirny), Mexico (A. Lopez Munguia), India 

(Atya Kapley)  

 

Finances 2018: 

1. IUT20-19 (M Kivisaar), Estonian Research Council 

2. PUT1050 (T. Alamäe), Estonian Research Council 

3. PUT1351 (R. Hõrak), Estonian Research Council 

4. SLTMR15169 (M. Kivisaar), FP7 INNO-INDIGO partnership programme  

5. MLTMR12131(M. Kivisaar), American Society for Microbiology support (AEM 

editor) 

6. RLTMRCELMS (A. Heinaru), HTM mikroobikollektsioonid 

7. Sub-project 02 of RITA1/01-01 (M. Kivisaar) 

8. LIFE17/ENV/ES/000216, research staff, PI Sirli Sipp Kulli. 

9. GRACE (J. Truu) European Commission, Horizon 2020 

10. Biodiversa (J. Truu) Horizon 2020 ERA-NET COFUND 

 

 

 

Defences 2018: 

 

5 doctoral degrees: Hanna Ainelo, Andrio Lahesaare, Katrin Viigand, Tatjana Jatsenko, 

Andres Ainelo 

http://doi.org/10.1016/J.APSOIL.2018.10.016
https://www.ester.ee/record=b5172310*est
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Chair of Molecular Biology 

 

Graduate students and teaching: One MSc student, Pavel Volõnkin MSc degree and is 

continuing his studies in our lab as a PhD; three PhD students Silva Lilleorg, Ivan Kisly and 

Kaspar Reier continue their studies in the lab of molecular biology. PhD student Mari Tagel is an 

official member of our lab starting from this September 2017 and continues also in the lab of 

Prof M. Kivisaar. Mari is studying tRNA and rRNA modification enzymes and their involvement 

of DNA mutagenesis. Andres Ainelo received his PhD degree in Nov 15
th

 this year. Andres did 

his PhD work in the lab of genetics (co-supervisor Dr Rita Hõrak) and in our lab (co-supervisor 

prof Remme). 

Lectures on Molceular biology (6 EAP), Protein synthesis (4 EAP), and Chemistry of nucleic 

acids (4 EAP), and practical course on nucleic acid chemistry were performed according to the 

schedule, which is far more than the Institutes average taking into account our small size and 

limited human resources. 

Research: We continue our traditional research topics; ribosome structure and functioning, 

ribosome assembly, modified nucleosides of rRNA in the bacterial system. Ribosome 

heterogeneity is hot topic and receives our attention from r-protein point of view (see publication 

list below). During recent years we have successfully started to analyze structure-function 

relationship on yeast ribosomes. The main focus is on the functional importance of eukaryote-

specific intersubunit bridges during translation. We infer that such bridges are involved in the 

processes that prevalent in eukaryotes. The results obtained so far are promising. One manuscript 

is accepted for publication in Nucl Acids Res and another one is in preparation. 

Collaboration: This year we have started extensive in-house collaboration with Prof M. 

Kivisaar (Department of Genetics) on the pseudouridine synthase TruA and its possible 

involvement in DNA mutagenesis/repair. We have shared supervision of PhD student Mari 

Tagel. We continued to study toxin-antitoxin GraTA in collaboration with Dr. R. Hõrak (PhD 

student Andres Ainelo).  

Main collaboration partners: Dr. L. Peil and Dr. A. Pulk, Institute of Technology, University 

of Tartu: M. O’Connor, Kansas city, USA; J. Cate, Berkley, USA; Dr. S. Blanchard (Cornell 

Univ NY) USA; A. Mankin (Univ of Illinois at Chicago); Dr. R. Hõrak, Prof. M. Kivisaar, both 

IMCB, University of Tartu. 

Publications: 

 
1. O'Connor, M., Leppik, M. and Remme J. (2018) Pseudouridine-Free Escherichia coli Ribosomes. J. 

Bacteriol. 200:e00540-17. https://doi.org/10.1128/JB.00540-17 

2. Lilleorg, S., Reier, K., Pulk, A., Liiv, A., Tammsalu, T., Peil, L., Cate, J.H.D., Remme, J. (2019) 

Bacterial ribosome heterogeneity: Changes in ribosomal protein composition during transition into 

stationary growth phase. Biochimie 156, 169-180. 

3. Kisly, I., Remme, J. and Tamm, T. (2019) Ribosomal protein eL24, involved in two intersubunit 

bridges, stimulates translation initiation and elongation. Nucleic Acids Res. 47, 

https://doi.org/10.1093/nar/gky1083 

https://doi.org/10.1128/JB.00540-17
https://www.sciencedirect.com/science/journal/03009084/156/supp/C
https://doi.org/10.1093/nar/gky1083
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Institute of Genomics 

 

For the Institute of Genomics the year of 2018 has been remarkable. After all it has been the first 

year of our existence! This year we have dedicated a lot of attention to promote synergy and 

communication between the people of the two merged institutes that formed the Institute of 

Genomics – The Estonian Genome Centre and the Estonian Biocentre. We held summer days at 

lake Võrtsjärv and had a party or two so people from different floors could feel assurance that 

the others are not aliens from Mars. And we got the Fuzzball! 

We started the process of designing the long term strategic research plan of the institute. As the 

first step we gathered all senior scientists and came up with close to 30 research 

projects/directions that we would like to do (if we had the all the money). These were then 

opened for discussion to all and I was very happy to see vibrant exchange of thoughts. This all 

culminated during the Institute retreat in Narva-Jõesuu, where PIs were discussing the projects 

with small groups of people selected relatively randomly, so that both main teams were 

represented in all groups. I thought this went very well! This is just the start. The outcomes of 

these efforts will form the seed of the long term strategic research plan of the Institute. Another 

new tradition that we will from now on have during each year’s Institute retreat is the 3-minute 

#thecoolesttalkIevermade talks by the PhD students we supervise. The winner gets to represent 

the institute in the nation-wide competition. 

More recently we started the monthly institute seminars, where we oscillate between journal club 

and work seminar type events but the essence is that each time people from both the Estonian 

Genome Centre and the Estonian Biocentre prepare the seminar together looking at the same 

(similar) problem from their respective angles. 

From September we run an ERA-Chair grant, which is again targeted to find, cherish and 

promote synergy between the population and functionally motivated genomics efforts in our 

institute. 

It is much rather early to say, but the optimist in me sees great things coming! 

The science is going fine! We are publishing. Over 50 papers this year. And people read us. 

According to Clarivate Analytics 5 out of 17 world’s most influential scientists from Estonia 

come from the Institute of Genomics. 

We are also developing the infrastructure of the institute. From spring we launched the ancient 

DNA lab. The super clean lab that enables us to extract the minute amounts of DNA left in the 

remains of individuals who died hundreds or thousands of years ago. 

But it is probably no overestimation that the biggest single effort during 2018 has been the 

tripling the size of the Estonian Biobank – Geenivaramu. We still have a few weeks to go but it 

is safe to say that we will reach the goal of bringing the biobank from 50 000 participants to 150 

000 by the end of the year. Moreover – we will genotype all new gene donors with the Illumina 

Global Screening Array. This endeavour is financed by the Ministry of Social Affairs and we 

implement it together with the National Institute for Health Development. There are several 

important partners without whom it would have been probably impossible to reach the goal: the 

hospitals, SYNLAB and Apotheka pharmacies. But most of all – the 100K team has put in an 

amazing effort, mind boggling dedication and countless hours. Thank you! 

Mait Metspalu, PhD, director
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Research Group of Pharmacogenetics (prof. Lili Milani) 

 

During 2018 our group has been actively participating in the design and implementation of the 

Estonian personalized medicine initative, in close collaboration with the Ministry of Social 

Affairs and Institute for Health Development. Together with the biobank team, we have been 

engaged in the recruitment of an additional 100,000 participants and preparing scientific content, 

particularly developing pharmacogenomic reports for the project. Our group focuses on the study 

pharmacogenetics and the genetics of side effects from medications. In 2018 Lili Milani received 

a personal research funding team grant (PRG184) to study the role of genetic variants in adverse 

drug reactions. The aim of our work is to identify common and rare genetic variants related to 

suboptimal drug metabolism and adverse drug reactions (ADRs) in the Estonian population. The 

results will serve as a basis for variants that can be included for preemptive pharmacogenomic 

testing, which could ultimately reduce the health and economic burden of low drug efficacy and 

unnecessary side effects caused by genetic variants. 

 

PhD students Tõnis Tasa and Kristi Krebs have extracted drug prescription and disease 

diagnoses from the electronic health records of the biobank participants and used these to search 

for associations between genetic factors and side-effects from commonly used medications or 

discontinuation of treatment. Using these datasets, we were able to validate previously known 

findings and identify a novel genetic variant associated with significantly more side effects 

among variant carriers compared to other patients receiving the same drug (1). Adding to this, in 

collaboration with Sulev Reisberg from the Dept of Computer Science , we developed and tested 

algorithms for translation of preexisting genotype data of over 44,000 participants of the 

Estonian biobank into pharmacogenetic recommendations based on confirmed and validated 

associations listed in the Pharmacogenomics Knowledgebase. We compared the results obtained 

by genome sequencing, exome sequencing, and genotyping using microarrays, and evaluated the 

impact of pharmacogenetic reporting based on drug prescription statistics in the Nordic countries 

and Estonia. Our most striking result was that the performance of genotyping arrays is similar to 

that of genome sequencing, whereas exome sequencing is not suitable for pharmacogenetic 

predictions. Interestingly, 99.8% of all assessed individuals had a genotype associated with 

increased risks to at least one medication (2). Based on this research, EGC now provides 

pharmacogenomic recommendations to biobank participants for 28 different drugs. We have also 

participated in large international collaborations, as well as smaller ones with collaborators from 

Karolinska Institutet (3), the Finnish National Institute for Health and Welfare (4), and 

Helmholtz Zentrum München (5). 

 
1. Tasa T, Krebs K, Kals M, Mägi R, Lauschke VM, Haller T, Puurand T, Remm M, Esko T, Metspalu A, 

Vilo J, Milani L. Genetic variation in the Estonian population: pharmacogenomics study of adverse 

drug effects using electronic health records. Eur J Hum Genet. 2018. Nov 12; In press. 

doi:10.1038/s41431-018-0300-6 

 

2. Reisberg S, Krebs K, Lepamets M, Kals M, Mägi R, Metsalu K, Lauschke VM, Vilo J, Milani L. 

Translating genotype data of 44,000 biobank participants into clinical pharmacogenetic 

recommendations: challenges and solutions. Genet Med. 2018. Oct 16; In press. doi:10.1038/s41436-

018-0337-5. 

 

3. Zhou Y, Mägi R, Milani L, Lauschke VM. Global genetic diversity of human apolipoproteins and 

effects on cardiovascular disease risk. J Lipid Res 2018, 59:1987–2000. doi:10.1194/jlr.P086710 

 

4. Virtanen VB, Salo PP, Cao J, Löf-Granström A, Milani L, Metspalu A, Rintala RJ, Saarenpää-Heikkilä O, 

Paunio T, Wester T, Nordenskjöld A, Perola M, Pakarinen MP. Noncoding RET variants explain the 

strong association with Hirschsprung disease in patients without rare coding sequence variant. Eur J 

Med Genet. 2018 July 18, S1769-7212(18)30076-4. 
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5. Wahl A, Kasela S, Monotoro EC, van Iterson M, Štambuk J, Sharma S, van den  Akker E, Klaric L, 

Benedetti E, Razdorov G, Trbojević-Akmačić I, Vučković F, Ugrina I, Beekman M, Deelen J, van Heemst 

D, Heijmans BT, Consortium BIOS, Wuhrer M, Plomp R, Keser T, Šimurina M, Pavić T, Gudelj I, Krištić 

J, Grallert H, Kunze  S, Peters A, Bell JT, Spector TD, Milani L, Eline Slagboom P, Lauc G, Gieger C: IgG 

glycosylation and DNA methylation are interconnected with smoking. Biochim Biophys Acta. 2018 

Mar, 1862:637-648. 

 

In 2018 we also received funding as partners in a H2020 grant “Personalised Medicine by 

Predictive Modeling in Stroke for better Quality of Life” (https://precise4q.eu/).  

 

We have also participated in lecturing in the courses LOMR.01.005 and LOMR.01.006 and 

supervised students Liis Haljasmägi (MSc) and Karin Kõrgesaar (BSc). 

 

 

  

https://precise4q.eu/
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Research Group of Metabolomics and Systems (SRF Toomas Haller) 
 

We study interactions between the genome and metabolome with regard to human diseases. This 

includes work with metabolomics data sets collected with NMR and mass-spectrometry. We 

search for associations between genomic markers and metabolite levels as well as more 

complicated patterns in these data sets with the intent to understand and predict common 

diseases. This work often requires creating new bioinformatics algorithms, scripts and tools 

(C++, Python) as well as conducting high performance cluster computations. Several articles 

were published last year in the field of genome wide research. We are currently finalizing the 

release and publication of our most recent tool set (Manhattan Harvester / Cropper) designed for 

handling and summarizing GWAS results of very large dimension. 
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Research Group of mRNA (SRF Tarmo Annilo) 

Whole exome (WES) and genome sequencing (WGS) have enabled identification of a large 

number of rare and common genetic variants associated with disease pathophysiology. Although 

such efforts have revealed that each individual genome harbors dozens of gene-disrupting 

variants (GDVs) variants, several of them in the homozygous state, the functional significance 

and phenotypic consequences of most of the observed variation remain poorly understood.  

Our aim is to characterize the direct effect of gene-disrupting variants using a combination of 

genome, transcriptome and phenotype data.  

Using WGS data for 4776 individuals, gene-disrupting variants [including stop gained (protein-

truncating nonsense), splice donor, splice acceptor, frameshift, start lost and stop lost variants], 

have been annotated using VEP v2.5. RNA sequencing from peripheral blood (N=489) was 

performed using Illumina platform.  

We have shown that many GDVs are buffered at the RNA level by alternative splicing (PMS2), 

in-frame exon skipping (PSMD10 and ABCB7), alternative start or stop codon usage (ASMTL 

and TLR8) or allele-specific expression which is likely caused by nonsense-mediated decay 

(PLCXD1, GLUD2 and ASMTL). 
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Research Group of Microbiome (SRF Elin Org) 

PhD students: Kreete Lüll, Kertu-Liis Krigul and Oliver Aasmets  

Master student: Emma Sova 

 

The human intestinal tract is colonized by thousand of different species of microorganisms, 

collectively called the microbiota. The gut microbiome (collection of all microbial genes) 

encodes much more genes than the human genome and provides us with numerous 

complementary functions. The bacteria are present as dynamic communities that function in the 

digestion of dietary constituents, the maturation of the immune system, the production of 

vitamins, the metabolism of bile acids, and the production of a large number of metabolites that 

can influence the host metabolism. We recently started to collect oral and gut microbiome 

samples from Estonian Biobank cohort, which provide a resource to study host-microbiome 

interactions in Estonian population. Our group addresses questions about the relationships 

between microbiome and human host, where we currently focus on following areas: 1) we 

explore host-micobiome interactions in development of type 2 diabetes. A collaboration project 

with prof. Markku Laakso, University of Kuopio, Finland and prof. Jake Lusis, University of 

California, Los Angeles, USA; 2) we study the impact of various host and environmental factors 

on gut microbiome composition in Estonian population and 3) we investigate how gut 

microbiome affect the efficacy and toxicity of commonly used drugs.  
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Research Group of Modern Population Genetics (SRF Luca Pagani) 
 

Overview 

The modern population genetics research group aims at reconstructing the demographic history 

of contemporary human populations in light of past events and of genetic adaptation to the 

environment they live in. The group has several foci of interest, including Estonia, South Asia, 

Siberia, Papua New Guinea and East Africa. 

Each genome sequenced or genotyped at the Institute is decomposed to obtain an estimate of its 

ancestry composition. The contribution of each demographic event is analysed to shed light on 

the recent and deep history of each sample's "enlarged family history", as well as on the effect 

these components may have on the overall genetic disease burden of each sampled individual. 

Group achievements in 2018 

The research group is currently composed by around 20 postdoc researchers and PhD candidates, 

who have published seven research articles, three review papers and three peer reviewed entries 

to encyclopedias in the past year. 

Scientific activity of the groups has been disseminated to seven international conferences 

(SMBE, FISV, Genome Russia Conference, Elixir PopGen among others) either as invited talks 

or contributed poster and oral presentations. 

The main results of the group were also popularized through non-academic public engagement 

events (such as the ESN Tartu Science talks), interviews to news outlet, and have earned the 

Ermenegildo Zegna’s mobility award to one of the junior members. 

Recent members: 

In 2018 a Researcher (Dr. Davide Marnetto), two PhD and one Bachelor students have joined the 

group. 

List of publications: 

- The genetic makings of South Asia 

M Metspalu et al. 2018 - Current opinion in genetics & development 

- Human evolutionary history of Eastern Africa 

L Molinaro and L Pagani 2018 - Current opinion in genetics & development 

- The evolutionary history of Southern Africa 

F Montinaro and C Capelli 2018 - Current opinion in genetics & development (accepted) 

- Genes reveal traces of common recent demographic history for most of the Uralic-speaking 

populations 

K Tambets et al. 2018 - Genome biology 

- Investigating the origins of eastern Polynesians using genome-wide data from the Leeward 

Society Isles 

G Hudjashov et al. 2018 - Scientific reports 

- The genetic legacy of continental scale admixture in Indian Austroasiatic speakers 

K Tätte et al. 2018 - bioRxiv 

- Impact of non-LTR retrotransposons in the differentiation and evolution of anatomically 

modern humans 

E Guichard et al. 2018 - Mobile DNA 



32 
 

- Three reportedly unrelated families with liddle syndrome inherited from a common ancestor 

L Pagani et al. 2018 - Hypertension 

- Selection in the Introgressed Regions of the Chimpanzee Genome 

J Nye et al. 2018 - GBE 

- The genetic ancestry of modern Indus Valley populations from Northwest India 

A K Patak et al. 2018 - AJHG (accepted) 
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Research Group of Ancient DNA (SRF Christiana Lyn Scheib) 
 

Overview  

The ancient DNA research group just finished the building of a brand-new state-of-the-art clean 

room facility in May of 2018 and has since generated hundreds of low-coverage whole genome 

sequences from ancient individuals. The group uses ancient DNA as a tool for understanding 

ancient human demography, host-pathogen interactions and selection on both human and 

pathogen genomes with aims to expand to incorporate analysis of sediment aDNA, non-human 

research questions, and proteomics.  

 

Group achievements in 2018 

The group has a number of ongoing internal projects and international collaborations including: 

PRG243 - Natural selection and migrations in shaping human genetic diversity in East European 

Plain, an ancient DNA study (2018-2022); PUT1217 - Temporal dynamics of population 

structure in the territory of present Estonia - synthesis of data from ancient and contemporary 

genomes (01.01.2016-31.12.2018); The Mummy Project a collaboration with Ester Oras; The 

After the Plague Project (Wellcome Trust UK), a collaboration with the University of Cambridge 

(10.01.2016 – 09.30.2020); a collaboration with the Wellcome Trust Sanger Institute HInxton 

focusing on the ancient population dynamics of Lebanon; and others.  

 

Recent members 

Meriam Guellil, (PhD, University of Oslo) joined the group as a post-doctoral researcher 

studying pathogens and metagenomics. 

Tina Saupe, (MA, University of Mainz) joined the group as a PhD student.  

Samuel Griffith, (PhD, University of Southampton) joined as a temporary laboratory 

technician/research assistant. 

 

List of publications this year 

Ancient human parallel lineages within North America contributed to a coastal expansion 

Scheib et al. 2018 – Science 

Genes reveal traces of common recent demographic history for most of the Uralic-speaking 

populations 

Tambets et al. 2018 – Genome Biology 

"Kust me tuleme? Demograafiline ajalugu eestlaste geenides" ("Where do we come from? 

Demographic history in the genes of Estonians") 

Lehti Saag, Kristiina Tambets, Mait Metspalu – 2018 Horisont 

Evaluating Macroscopic Sex Estimation Methods using Genetically Sexed Archaeological 

Material: The Medieval Skeletal Collection from St John’s Divinity School, Cambridge. 

Sarah Inskip, C. L. Scheib et al. 2018 – American Journal of Physical Anthropology 

Ancient Yersinia pestis genomes from across Western Europe reveal early diversification during 

the First Pandemic (541-750) 

Marcel Keller, Maria Spyrou, C.L. Scheib et al. – bioArxiv  

Ancient pathogen DNA in human teeth and petrous bones. 

Margaryan A, Hansen HB, Rasmussen S, Sikora M, Moiseyev V, Khoklov A, Epimakhov A, 

Yepiskoposyan L, Kriiska A, Varul L, Saag L 2018 – Ecology and Evolution 

  



34 
 

Research Group of Mitochondrial DNA and Y Chromosome (SRF Siiri Rootsi) 

 

The scientific work of our workgroup is tightly linked with the genomics workgroup but we 

concentrate on uniparental parts of genome which is valuable in estimating diversity of paternal 

and maternal lineages and reconstructing dynamics of effective  population size. We have many 

ongoings projects on genetic diversity of populations in different regions of world (Northern 

Eurasia, South-east Asia etc.) and our main priority is study of Estonian genepool in various 

aspects.  

This year we have published three articles: 

 
1.Hudjashov G, Endicott P, Post H, Nagle N, Ho SYW, Lawson DJ, Reidla M, Karmin M, Rootsi S, Metspalu 

E, Saag L, Villems R, Cox MP, Mitchell RJ, Garcia-Bertrand RL, Metspalu M, Herrera RJ. „Investigating the 

origins of eastern Polynesians using genome-wide data from the Leeward Society Isles“. Sci Rep. 2018 Jan 

29;8(1):1823. https://doi.org/10.1038/s41598-018-20026-8. 

 

We investigated populations of eastern Polynesia, using genetic data from the Leeward Society 

Isles, the ancient cultural centre of the central Pacif. 

The genetic diversity of mtDNA and Y chromosome lineages in the Leeward Society Islands is 

consistent with linguistic evidence for settlement of eastern Polynesia proceeding from the 

central northern Polynesian outliers in the Solomon Islands. These results stress the complex 

demographic history of the Leeward Society Islands and challenge phylogenetic models of 

cultural evolution predicated on eastern Polynesia being settled from Samoa. 

2.Tambets K, Yunusbayev B, Hudjashov G, Ilumäe AM, Rootsi S, Honkola T, Vesakoski O, Atkinson Q, 

Skoglund P, Kushniarevich A, Litvinov S, Reidla M, Metspalu E, Saag L, Rantanen T, Karmin M, Parik J, 

Zhadanov SI, Gubina M, Damba LD, Bermisheva M, Reisberg T, Dibirova K, Evseeva I, Nelis M, Klovins J, 

Metspalu A, Esko T, Balanovsky O, Balanovska E, Khusnutdinova EK, Osipova LP, Voevoda M, Villems R, 

Kivisild T, Metspalu M. 

Genes reveal traces of common recent demographic history for most of the Uralic-speaking populations. 

Genome Biol. 2018 Sep 21;19(1):139. https://doi.org/10.1186/s13059-018-1522-1. 

 

In this article we present a genome-wide analysis (including uniparental marker analysis) of 15 

Uralic-speaking populations covering all main groups of the linguistic family. We show that 

contemporary Uralic speakers are genetically very similar to their local geographical neighbours. 

However, when studying relationships among geographically distant populations we find that 

most of the Uralic speakers and some of their neighbours share a genetic component of possibly 

Siberian origin. This component is necessary to explain the extant genetic diversity in Northeast 

Europe. 
 

3.Ajai Kumar Pathak, Anurag Kadiyan, Alena Kushniarevich, Francesco Montinaro, Mayukh Mondal, 

Manvendra Singh, Pramod Kumar, Niraj Rai, Jüri Parik, Ene Metspalu, Siiri Rootsi, Luca Pagani, Toomas 

Kivisild, Mait Metspalu, Gyaneshwer Chaubey, Richard Villems
 

The genetic ancestry of modern Indus Valley populations from Northwest India 

Accepted for publication in AJHG 

 

In this publication we report new genome-wide genotype data for 45 modern individuals from 

four Northwest Indian populations including Ror whose long-term occupation of the region can 

be traced back to the early Vedic scriptures. Our results suggest that while the genetic 

architecture of majority of Northwest Indian populations fits well within the broader North-

South Indian genetic cline, culturally distinct groups such as Ror and Jat stand out by showing 

higher allele frequency and haplotype sharing with populations living west of India. 
 

 

 

https://doi.org/10.1038/s41598-018-20026-8
https://doi.org/10.1186/s13059-018-1522-1


35 
 

2.Teaching 

 

Members of our group participate in giving different lecture courses: 

Mechanisms of Evolution 

Immunology and Immunogenetics 

Molecular Evolution. 

 
3.Supervision 

 

 10. December 2018 - defence of PhD of Monika Karmin „Perspectives from human Y 

chromosome – phylogeny, population dynamics and founder events” (“Vaade inimese Y 

kromosoomile – fülogenees, populatsiooni dünaamika ja asutajasündmused”)  

We have several Bachelor degree students working on different projects, like Laura Laks and 

Anneliis Rea. 

Master degree student (Aneth Lvovs) joined our workgroup this year. 
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Research Group of Cellular Stress (SRF Tõnis Örd) 

 
We concentrated our efforts on the understanding of mechanism of metabolic adaptation to 

nutrient deficiency. The pseudokinase Tribbles homolog 3 (TRIB3), a negative feedback 

regulator of transcription factor ATF4, is strongly induced in the nutrient-deprived cell cultures 

and in the liver of fasting mice. We found that mice with a targeted deletion of the Trib3 gene 

present elevated hepatic triglyceride content and liver weight after 48 h fast, along with an 

upregulation of lipid utilization genes CPT2 and ACOX1, and the rate-limiting enzyme of 

ketogenesis HMGCS2. Further, hepatic and serum levels of fibroblast growth factor 21 (FGF21), 

the stress hormone which controls energy homeostasis by regulating glucose and lipid 

metabolism, are considerably increased in 48-hour-fasted Trib3 knockout mice compared to wild 

type. Trib3 deficiency also leads to elevated FGF21 levels in the mouse liver during essential 

amino acid deficiency and in cultured mouse embryonic fibroblasts during glucose starvation. 

Reporter assays reveal that ATF4 and PPARα synergistically activate the Fgf21 promoter, and 

TRIB3 regulates FGF21 by inhibiting ATF4-mediated, C/EBP–ATF site-dependent activation of 

Fgf21 transcription. Based on chromatin immunoprecipitation from mouse liver, the binding of 

TRIB3 and ATF4 is significantly increased at the Fgf21 promoter following 48 h of fasting. 

Thus, under nutrient-limiting conditions that stimulate ATF4 activity, TRIB3 is implicated in the 

regulation of metabolic adaptation by restraining the transcription of Fgf21. 

Because fasting-induced skeletal muscle atrophy has been reported to involve ATF4, we studied 

also the effect of Trib3 deficiency on gene expression in skeletal muscle. The results revealed 

that following 48 h of fasting, wildtype and Trib3 knockout mice express similar levels of 

Atrogin1 and MuRF1, ubiquitin ligases responsible for myofiber atrophy, as well as similar 

levels of FoxO1 and FoxO3, glucocorticoid-induced transcriptional mediators of muscle atrophy. 

These data suggest that muscle protein degradation during fasting is not controlled by TRIB3. 

The studies of TRIB3 have been hampered by the lack of highly specific and sensitive anti-

TRIB3 antibodies. In order to overcome the problem, we used CRISPR-Cas9 to modify the 

genome of a human hepatoma cell-line by inserting an epitope tag into the coding region of 

endogenous Trib3 gene. The reporter assays addressing the ability of TRIB3 and the modified 

TRIB3 to block the transcription activation activity of ATF4 revealed no difference between the 

proteins, suggesting the usefulness of tagged TRIB3 in functional experiments. 

 
 

Published article: 

Tiit Örd, Daima Örd, Tõnis Örd (2018) TRIB3 limits FGF21 induction during in vitro and in vivo nutrient 

deficiencies by inhibiting C/EBP-ATF response elements in the Fgf21 promoter. Biochimica et Biophysica Acta – 

Gene Regulatory Mechanisms 1861, 271-281. 
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Oral Presentations 
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Influence of human X chromosome structural variations and aberrations on X 

chromosome inactivation 
 

Julia Bokajeva
1,4

, Olga Tšuiko
1,2,4

, Mariann Männistu
1,5

, Margit Nõukas
1,4

, Reedik Mägi
3
, 

Andres Salumets
2,6

, Ants Kurg
1,6,7

 
 

1
Institute of Molecular and Cell Biology, University of Tartu, Tartu, Riia 23, 51010, Estonia. 

2
Institute of Biomedicine and Translational Medicine, University of Tartu, Tartu, Ravila 19, 51014, Estonia. 

3
Estonian Genome Center, University of Tartu, Tartu, Riia 23b, 51010, Estonia. 

(
4
PhD student, 

5
BSc student, 

6
Professor,

 7
Senior Researcher) 

 

X chromosome inactivation (XCI) balances the expression of X-linked genes between females 

and males. Early in female development, cells transcriptionally silence one randomly chosen X 

chromosome. This leads to a general ratio of 50:50 cells, where half the cells inactivate the 

maternal and half the paternal X chromosome (Lyon, 1962). This ratio varies among women, 

although significant deviations from it are relatively rare among phenotypically normal women 

(Amos-Landgraf et al., 2006) and are known as skewed XCI. Skewing is more common among 

older women (Sandovici et al., 2004) or women with certain X-linked diseases or X 

chromosome aberrations (Orstavik, 2009). The latter is often marked by inactivation of the 

defective X chromosome (Mercer et al., 2013). Structural changes in some loci, however, do not 

seem to affect the process of inactivation nor do they cause skewing (Lachlan et al., 2006). This 

study focuses on detecting the influence of X chromosome aberrations – namely, deletions and 

duplications – on XCI and evaluating the relationship between the XCI ratio and phenotype of 

women with mentioned aberrations. XCI ratio is assessed using AR (Allen et al., 1992) and 

SLITRK4 (Bertelsen et al., 2011) gene assays for two groups of women, selected from the gene 

bank of Estonian Genome Center at the University of Tartu. The first group (subjects) is 

comprised of 437 women with X chromosome aberrations over 50 kb in size that span the whole 

X chromosome, while the second group (controls) is comprised of 440 women without X 

chromosome defects of the mentioned size. Both groups are further divided into age groups, 

taking into consideration the increased rate of skewing in older women. No significant 

differences between XCI ratios of women with and without X chromosome aberrations have 

been found. However, an increase in skewing is seen in older women of the control group. 

 

References: 

 
Allen R. C., et al. (1992). Methylation of HpaII and HhaI sites near the polymorphic CAG repeat in the human 

androgen-receptor gene correlates with X chromosome inactivation. Am J Hum Genet 51(6): 1229-1239. 

Amos-Landgraf J. M., et al. (2006). X chromosome-inactivation patterns of 1,005 phenotypically unaffected 

females. Am J Hum Genet 79(3): 493-499. 

Bertelsen B., et al. (2011). Three New Loci for Determining X Chromosome Inactivation Patterns. J Mol Diagn 

13(5):537-540. 

Lachlan K. L., et al. (2006). A clinical and molecular study of 26 females with Xp deletions with special emphasis 

on inherited deletions. Hum Genet 118(5): 640-651. 

Lyon M. F. (1962). Sex chromatin and gene action in the mammalian X-chromosome. Am J Hum Genet 14: 135-

148. 

Mercer C. L., et al. (2013). Detailed clinical and molecular study of 20 females with Xq deletions with special 

reference to menstruation and fertility. Eur J Med Genet 56(1): 1-6. 

Orstavik K. H. (2009). X chromosome inactivation in clinical practice. Hum Genet 126(3): 363-373. 

Sandovici I., et al. (2004). A longitudinal study of X-inactivation ratio in human females. Hum Genet 115(5): 387-

392. 

  



39 
 

Identifying eQTL influence on gene expression through microRNAs 
 

Inno Rain
1,2,3

, Sõber Siim
2,4

, Laan Maris
2,5

. 

 
1
Institute of Molecular and Cell Biology, University of Tartu, Tartu, Riia 23, 51010, Estonia.  

2
Institute of Biomedicine and Translational Medicine, University of Tartu, Tartu, Ravila St.19, 50411, Estonia. 

 (
3
PhD student,

 4
Researcher, 

5
Professor of Human Genetics) 

 

Background: Placental microRNAs may be involved in angiogenesis, trophoblast 

differentiation, and in the regulation of the immune system. Recent evidence shows that miRNAs 

transferred by extracellular vesicles
1
 released from trophoblastic cells exhibit a critical 

immunomodulatory role at the maternal-fetal interphase
2
.  

Differential expression of microRNAs affects coordinately simultaneous expressional changes in 

a large group of genes. Expression quantitative trait loci (eQLTs) are regions of the genome that 

contain DNA sequence variants influencing the expression levels on one or more genes. 

Identifying microRNA eQTLs – genetic variants modulating the expression of microRNAs, can 

give us a better understanding whether and to what extent genetically determined microRNA 

levels have on gene expression
3
. 

Material and Methods: To identify microRNA eQTLs in the term placenta, miRSeq 

(unpublished data) and genotype datasets
4
 from placenta were used. Analysis was carried out 

with genome association analysis toolset PLINK v1.07
5
. A correlation analysis (implemented in 

DESeq2
6
 package for R) between miRSeq and RNA-Seq

7
 datasets was performed. Association 

analysis was carried out between the identified miRNA eQTLs and gene expression levels of 

predicted microRNA target genes.  

Results: In placental miRSeq dataset, we identified 11 microRNAs with expression levels 

modulated by miRNA eQTLs. From these results, we prioritized six microRNAs based on the 

literature evidence. Correlation analysis between miRSeq and RNA-Seq identified novel target 

genes for each prioritized miRNA.  

Conclusions: miRNA eQTLs may represent additional modulators of the placental 

transcriptome, placental function and pregnancy course. Further validation and replication 

experiments are being carried out to verify bioinformatic analysis to clarify eQTL effect on 

modulating the placental function and pregnancy course. 
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Extracellular vesicles (EVs) are recognized as potent vehicles for intercellular communication. 

To date, there is little information available regarding the role of EVs during the early stages of 

human embryonic development. 

The aim of this study was to develop techniques for the recovery of EVs secreted by a single 

human embryo in an in vitro culture system. The EVs were characterized according to size, 

concentration and electrical surface properties (zeta potential), in order to understand the role of 

EVs production in human embryos for determination of their quality at early stages of 

development.  

Human embryos were produced by in vitro fertilization (IVF) for 24 h in fertilization medium, 

cultured individually for 48 h (3 days) in cleavage medium and additionally 48 h in blastocyst 

medium (day 5). Conditioned media, at days 3 and 5 post-IVF, were collected and EVs were 

isolated using series of centrifugations and size-exclusion chromatography. The size and 

concentration of EVs were characterized using a Nanoparticle tracking analysis.  

Using this method of isolation, we were able to collect and characterize EVs produced by a 

single human embryo. Analysis confirmed the presence of EVs at early stages of development, 

with the concentration of EVs being higher in 4-8 cell stage embryos (day 3), as compared to 

early blastocysts (day 5). Moreover, already at day 3, we were able to discriminate between 

embryos that were properly developing and those that were later visually determined as 

degrading at day 5. PCA showed the difference in size profile between 3 different groups – day 3 

embryos that further develop into normal blastocysts, day 3 embryos that on day 5 degrade and 

media alone.  

In conclusion, we have developed a sensitive protocol for the isolation of EVs from human 

embryos cultured individually. We have demonstrated that human embryos secrete EVs in 

varying sizes and amounts during the early stages of their development. Further investigations 

are needed to establish EV characteristics of early human embryo as a quality marker for human 

clinical embryology. 
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 Endometrium is a complex tissue that consists of different cell-types like stromal and 

epithelial cells and plays important role in successful embryo implantation. Each cell type have 

its own expression pattern and as the tissue biopsies contains different cell proportions it may 

shift the analysis results if not taken into an account. The deconvolution is one way to get 

estimated cell proportions from mixed-cell datasets. The aim of this study was to understand if 

cellular composition of the endometrial biopsy affect the gene expression profile of endometrial 

whole-tissue samples. 

 Healthy endometrial biopsies were obtained within one menstrual cycle at ES and MS 

phases from fertile-aged women (n=35; Estonia n=20; Spain n=15). The RNA samples were 

sequenced  at three sequencing centers and samples were divided into groups according to 

sequencing place (Spain, Est_EGCUT, Est_FIMM). Differential gene expression analysis was 

performed using two approaches. In one of them, computational deconvolution was applied as an 

intermediate step to adjust for the proportions of epithelial and stromal cells in the endometrial 

biopsy using single-cell samples of stromal (Estonia ES n=10 ,MS n=13 ; Spain ES n=9 , MS 

n=9 ) and epithelial (Estonia ES n=8 ,MS n=13 ; Spain ES n=11 , MS n=11 ) cells from SARM 

project (Koel et al in preparation). The results were then compared to conventional differential 

expression analysis. Ten paired endometrial samples were analysed with qPCR to validate the 

results. 

 Deconvolution analysis showed that the proportions of stromal and epithelial cells in 

early secretory phase were 65% and 35%, and during mid-secretory phase, 46% and 54%, 

respectively with considerable inter-individual variation. We observed a good correlation 

between estimated epithelial proportions and histological evaluation (r = 0.88, P = 1.1 × 10-6). 

Endometrial tissue transcriptomic analysis showed that approximately 26% of transcripts (n = 

946) differentially expressed in receptive endometrium in cell-type unadjusted analysis also 

remain differentially expressed after adjustment for biopsy cellular composition. However, the 

other 74% (n = 2645) become statistically non-significant after adjustment for biopsy cellular 

composition, underlining the impact of tissue heterogeneity on differential expression analysis. 

  The better understanding of molecular processes during transition from pre-receptive to 

receptive endometrium serves to improve the effectiveness and personalization of assisted 

reproduction protocols. Biopsy cellular composition should be taken into account in future 

endometrial 'omics' studies, where tissue heterogeneity could potentially influence the results. 
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Despite the fact that this year marks 40 years since IVF was used in medical practice the rate of 

successful pregnancies among patients who had passed in vitro fertilisation procedure remains 

near 30%. Successful implantation of a blastocyst to the endometrium is a critical step during 

embryonic development and is essential for the initiation of a healthy pregnancy. Endometrial 

tissue cells are capable of interacting with the blastocyst only during a narrow period of time 

when endometrium is receptive, called the window of implantation. However, the molecular 

signature that would distinguish between the pre-receptive and receptive phases is not clearly 

defined. We provide evidence that mucin MUC20 is differentially expressed in the endometrium 

between the pre-receptive and receptive phases. We show that MUC20 is predominantly 

expressed by luminal and glandular epithelial cells of the receptive endometrium, both at the 

mRNA and protein levels. We propose a model about MUC20 function in the hepatocyte growth 

factor-activated MET receptor signalling specifically in the receptive phase. An important 

implication of our study is the use of MUC20 as a novel marker of endometrial receptivity. 
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A woman’s risk of developing breast cancer (BC) is influenced by many factors, but BC 

screening recommendations are based primarily on age. The current Estonian nationwide BC 

screening program covers biannual mammography screening between 50…69 years. The 

participation rate is approximately 50% ponly, which is inefficient by both its limited timeline 

and percentage of individuals covered. Estonian Genome Center (EGCUT) together with the 

Tartu University Hospital plans to integrate genetic testing for high- and moderate-penetrance 

hereditary BC gene mutations to assign personalised screening strategies. For that, we are 

searching and validating the proportion of women based on EGCUT female cohort with genetic 

predisposition for breast cancer. 

 

From the total of next generation sequencing (n=2268 female cohort) data, we have identified 21 

female participants with high risk genetic variants in BRCA1, BRCA2, TP53, STK11, PTEN, 

CDH1 genes. In addition, we have searched for individuals with moderate risk variants in ATM, 

PALB2, CHEK2, NBN, NF1 genes and identified 37 participants with pathogenic or likely 

pathogenic variants. In addition to direct identification of pathogenic or likely pathogenic 

variants in the target genes, we are using genotyping data and two different methods: imputation 

(n=~20,000 female cohort) and long-range shared haplotype (n=~28,000) search. We have 

confirmed by Sanger sequencing the presence of known BRCA1 and BRCA2 pathogenic alleles 

in 84 females and moderate risk pathogenic alleles in 8 individuals. 

 

All together we identified 151 female participants with pathogenic or likely pathogenic variants 

in high and moderate risk genes. 119 individuals will be contacted (seven deceased, two live 

abroad, 14 individuals have been already invited to EGCUT Hereditary Breast and Ovarian 

Cancer project, nine individuals are over 79 years old and may be contacted at later stages of the 

project.  

Only seven out of 128 have been diagnosed BC earlier, five of them had cancer diagnosis before 

50 years age. We intend to monitor the participation rate over the extended period to see the 

effect of return of genetic data, along with questionnaires with psychosocial status. 
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Accurate and fast methods for the identification of plants from degraded metagenomic samples 

play an important role in identifying the composition of complex mixtures of processed 

biological materials, including food, herbal products, gut contents, environmental samples, etc. 

PCR and different barcoding methods commonly used for plant identification from 

metagenomics samples are based on the amplification of a limited number of pre-selected 

barcoding regions. These methods are often inapplicable due to DNA degradation, low 

amplification success or low species discriminative power of selected genomic regions. Plant 

taxa specific k-mers can be fast identified from assembled chloroplast genome sequences and 

could be used for the identification of plant taxa in raw sequencing reads of metagenomic 

samples (Raime and Remm, 2018). 

 

We introduce a k-mer based method for the rapid identification of plant taxa directly from raw 

sequencing reads without aligning, mapping or assembling the reads. Our results show that 

Lupinus specific k-mers (32 nt in length) identified from chloroplast genome are detectable in 

whole genome sequencing raw reads from leaves and seeds of different Lupinus species. We 

demonstrated the usability of taxon-specific k-mers in artificial mixtures of sequences from 

target species (different Lupinus species) and closely related species (Arachis hypogaea, Glycine 

max, Pisum sativum, Vicia faba, Phaseolus vulgaris, Lens culinaris, Cicer arietinum), but also in 

raw sequencing reads of real food samples: lupin flour, conserved seeds and cookies containing 

lupin flour. 

 

Developed k-mer-based method offers a novel strategy and new perspectives for detection of 

plant taxa directly from raw sequencing reads from metagenomics samples. 

 

 

 

  



45 
 

A method to detect chromosomal aneuploidy for human ancient DNA 
 

Tina Saupe
1,2,3

 , Christiana Lyn Scheib
2,4

 , Lehti Saag
1,2,3

 

 
1
Institute of Molecular and Cell Biology, University of Tartu, Tartu, Riia 23, 51010, Estonia.  

2 
Institute for Genomics, University of Tartu, Tartu, Riia 23b, 51010, Estonia.  

(
3
PhD student,

4
Senior Researcher)  

 

    

In modern research, directly sequenced cell-free fetal DNA from the plasma of pregnant women 

can be used to diagnose fetal aneuploidy
1
 However, the detection of human chromosomal 

aneuploidy or disorder for human ancient DNA is challenging. Like cell-free DNA, ancient DNA 

is in low copy number but it is also highly fragmented, damaged, and the endogenous content of 

DNA varies between individual samples. Additionally, due to the low frequency of these 

abnormalities in the general population, the likelihood of detecting a chromosomal aneuploidy in 

an limited ancient sample collection is less than in a large modern data set. Autosomal and sex 

chromosomal aneuploidy are characterized by the loss and gain of one or more partial or whole 

chromosome segments. The most common trisomies are 18 and 21 on the autosomal 

chromosomes as well as the monosomy Turner syndrome (only one X chromosome) on the sex 

chromosomes
2
.  

Here, we present using unpublished data (n=150), a simple computationally method to detect 

chromosomal aneuploidy in high-throughput shotgun sequencing. Firstly, the number of reads 

covered the chromosomes were estimated for each individual and the total autosomal and sex 

chromosomal coverages were used to calculate the X and Y ratio. Based on the visualisation of 

the ratios in R, the individuals were clustering to their genetical sex, whereby few samples 

displayed slight differences to the estimated samples. In addition, we developed a method to 

estimate possible chromosomal aneuploidy using normalisation of the number of reads. As a 

result, an individual with a neutral disomy presented 1.0 for all autosomal chromosomes and 

more or less than 1.0 for a monosomy or trisomy. One out of 150 samples tested estimated to 

have a sex chromosomal aneuploidy (XYY) and no samples thus far showed evidence of 

autosomal aneuploidy; however, it has not yet been refined to detect small deletions or 

duplications, which may be more common. The method needs to be tested with more ancient 

data, statistical confidence intervals added, and noise reduced by filtering out low-complexity 

regions and in some cases, deeper sequencing of the samples would be needed for further 

validation.  

 

 

 

 

 

 
  

                                                           
1 

 Fan, H. Christina; Blumenfeld, Yair J.; Chitkara, Usha; Hudgins, Louanne; Quake, Stephen R. (2008): 

Noninvasive diagnosis of fetal aneuploidy by shotgun sequencing DNA from maternal blood. In: Proceedings of the 

National Academy of Sciences of the United States of America 105 (42), S. 16266–16271. DOI: 

10.1073/pnas.0808319105. 

2 
 Theisen, Aaron; Shaffer, Lisa G. (2010): Disorders caused by chromosome abnormalities. In The 

application of clinical genetics 3, pp. 159–174. DOI: 10.2147/TACG.S8884. 



46 
 

The European heritage of American Populations 
 

Linda Ongaro
1-2,*

, José Rodrigo Flores-Espinosa
2
, Marilia Scliar

3
, Kristiina Tambets

2
, 

Alessandro Raveane
4
, Stefania Sarno

5
, Guido Alberto Gnecchi-Ruscone

5
, Donata Luiselli

6
, 

Marta Alarcon-Riquelme
7
, Andres Moreno-Estrada

8
, Alessandro Achilli

4
, Anna Olivieri

4
, 

Ornella Semino
4
, Antonio Torroni

4
, Cristian Capelli

9
, Eduardo Tarazona-Santos

3
,  Luca 

Pagani
2,10

, Mait Metspalu
2
, Francesco Montinaro

2,9
 

 
1
Institute of Molecular and Cell Biology, University of Tartu, Tartu, Riia 23, 51010, Estonia. 

2
Estonian Biocentre, 

Institute of Genomics, Tartu, Riia 23, 51010, Estonia. 
3
Departamento de Biologia Geral, Instituto de Ciências 

Biológicas, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil. 
4
Dept of Biology and Biotechnology "L. 

Spallanzani", University of Pavia, Pavia, Italy. 
5
Dept of Biological, Geological and Environmental Sciences, 

University of Bologna, Bologna, Italy. 
6
Dept of Cultural Heritage, University of Bologna, Ravenna Campus, Italy. 

7
Centro Pfizer - Universidad de Granada - Junta de Andalucía de Genómica e Investigación Oncológic. 

8
Langebio 

Cinvestav, Mexico. 
9
Dept of Zoology, University of Oxford, Oxford, UK. 

10
Dept of Biology, University of Padua, 

Padua, Italy. (
*
PhD student)  

 
 

The genetic diversity of America has been shaped by several recent events of admixture and 

gene flow which involved sources from both the European and the African continents. These 

events started during the Colonial Era and involved the Atlantic slave trade, and were followed 

by several waves of immigration and subsequent admixture in the XIX century. 

In the last decades, several studies investigated the European and African legacy of modern day 

American populations, revealing the existence of multiple layers that contributed to the genomic 

jigsaw that can be observed nowadays. 

The recent expansion of genomic data and methods to analyze the variability created by 

recombination allow to reconstruct also very recent contributions in the ancestry profile of 

human populations. 

In this study we compiled a genome-wide dataset of ~12,000 individuals from twelve American 

countries and ~6,000 individuals of European descent to finely dissect the European contribution 

to the genetic landscape of the Continent. We applied haplotype-based methods to investigate the 

genetic structure and the admixture history of the American populations, and evaluate its impact 

and dynamics through time. 

Focusing on the European contributions in the continent, we highlighted the high complexity 

underlying the genetic contribution of European populations in America, both under a 

geographic and temporal perspective. 

Thus these results will help to clarify the details of population movement in the entire American 

continent, and provide information relevant for anthropological, medical and epidemiological 

studies. 
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Copy number variations (CNV) are deletions and duplications of genomic regions. PennCNV 

(Wang et al., 2007) is the most widely used software for calling CNV from genotype array data. 

However, due to high number of false positive calls additional CNV filtering or quality scoring is 

necessary prior further analyses. For this only one CNV quality model has been developed so far 

(Macé et al, 2016). 

We built a new CNV quality model that uses information from independent omics datasets. We 

calculated three separate CNV scores as the difference in gene expression (GE score) and 

methylation intensity (MET score) in a CNV region between a carrier and the general population, 

and determined if a given CNV is also detected from whole-genome sequencing reads (WGS 

score). We used Estonian Biobank (N~1,000), Dutch Lifelines Deep (N~1,500) and Swiss 

SkiPOGH (N~800) individuals. In all three datasets, both MET and GE scores had high 

correlations (Pearson R>0.7) with WGS score and moderate correlations with Macé et al (2016) 

quality predictions (up to 0.55/0.63 for deletions/duplications). We fitted a logistic regression 

model on the combination of WGS, GE and MET scores to predict CNV quality by using 

PennCNV output parameters as predictors. Our best model achieved out-of-sample Pearson 

R=0.67/0.51 for deletions/duplications.  

Using our quality predictions, we conducted genome-wide CNV analysis on ten complex 

diseases (incl. type 2 diabetes (T2D), inflammatory bowel disease (IBD) and rheumatoid arthritis 

(RA), etc.) in up to 398,662 unrelated white British individuals from UK Biobank cohort. In 

total, we found 19 genome-wide significant (P<1.7*10
-6

) CNV-disease associations. Out of these 

10 were not significant and another 6 had less significant P-values, when using Macé et al (2016) 

models. Noteworthy examples are association between RA and a 6p21.3 deletion (our model: 

P=8.5*10
-7

, Macé model P=9.3*10
-4

) overlapping a known strong GWAS signal (P=10
-250

; 

Okada et al, 2014) and a 10p11.21 deletion associated with IBD (our model: P=9.1*10
-7

, Macé 

model: P=0.04) that overlaps the tight junction-related gene PARD3. The variants in this gene 

have previously been associated with IBD in candidate gene studies (Wapenaar et al. 2008) but 

not on genome-wide scale. These results show the benefit of our new CNV quality model for 

CNV-trait associations via assessing CNV quality by using the multi-omics data. 
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Over the last 10 years, more than 15,000 DNA sequence variants have been linked to wide array 

of human physiological traits and disease predispositions. However, the mechanism and function 

of the majority of these trait-associated variants is largely unknown, since the bulk of the trait-

associated variants are not changing the protein structure, but are located in non-coding regions 

of the genome. This suggests that these variants have a regulatory function. Proteins are the 

functional products of the genome and serve as critical factors for biological processes involved 

in health and disease. Plasma proteins are frequently dysregulated in disease and a subset of 

those constitute known targets for the therapeutics. Identifying local and distal genetic variants 

affecting plasma protein levels would help to establish unknown regulatory pathways and thus 

provide insight into disease mechanisms and fundamental biology. 

 

In the present study, we have used the advances of modern sequencing technology and 

bioinformatics tools to analyse whole genomes of ~500 Estonian individuals who were 

sequenced on the HiSeq xTen platform. For the same set of individuals, protein levels of 326 

different proteins were measured using Proseek Multiplex Cardiovascular II, Cardiovascular III, 

Inflammation and Oncology II Panel (Olink Bioscience). In order to identify genetic factors 

affecting inter-individual protein variability, we have conducted pQTL (protein quantitative trait 

locus) mapping for common genetic variants (minor allele frequency >1%) and gene-level 

group-based variant analyses for rare nonsynonymous genetic variants (minor allele frequency 

<1%). 

 

In common variant analyses, we found genome-wide significant (p-value <5×10
-8

) associations 

for 152 different plasma proteins, such as angiopoietin-1 receptor (p-value 1.72×10
-17

) and 

fibroblast growth factor 5 (p-value 1.78×10
-34

). In group-based nonsynonymous rare variant 

analyses, we found genome-wide significant (p-value <2.67×10
-6

) associations for 13 different 

plasma proteins, such as mucin-16 (p-value 4.16×10
-7

) and glial cell line-derived neurotrophic 

factor (p-value 1.14×10
-6

). 

 

Resulting catalogue of genetic effects on plasma proteins serves as a useful resource for further 

interpretative studies. We plan to integrate the RNA-sequencing based data to determine to 

which extent genetic associations with plasma protein levels are co-localizing with the effects at 

the transcription level. We also aim to overlap the results with previously known trait 

associations in order to pinpoint novel mechanisms via which trait-associated SNPs affect the 

phenotype. 
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Mitochondria are eukaryotic organelles of endosymbiotic origin which contain a heavily 

reduced remnant of ancestral genome along with its own gene expression machinery. 

Mitochondria play an important role in regulating organism functions. One of the best known 

roles is ATP production via oxidative phosphorylation (OXPHOS), which is powered by 

electrons moving along electron transport chain (ETC) located in the mitochondrial inner 

membrane. However, ever-increasing number of other vital functions are being discovered to 

take place in mitochondria, e.g. induction of apoptosis, regulation of cellular metabolism via 

production of reactive oxygen species (ROS) and modulation of various cellular metabolites, 

hormonal signaling etc. Large number of disorders are known that are caused by mitochondrial 

dysfunction. The “classic” view is that the underlying cause of these pathologies is the 

overproduction of ROS and/or ATP depletion. However, there is an amounting evidence that 

mtDNA instability can cause metabolic reprogramming without any discernible effects on 

respiratory chain. Thus the emerging concept is that mitochondrial defects can cause a wide 

variety of metabolic rearrangements that are not directly connected to respiratory chain 

dysfunction and therefore have a role in widespread conditions that have not been classified as 

“classic” mitochondrial diseases.  

Our workgroup has constructed a system to explore mtDNA stress signals in regulation of 

general metabolism in D.melanogaster mitochondria. The system is based on mitochondrially-

targeted type I bacterial endonuclease I (mtEcoBI), which unlike widely used type II 

endonucleases is able to both cleave and translocate template DNA. Surprisingly, mtEcoBI did 

not cause general OXPHOS dysfunction via degradation of mitochondrial genetic material but 

reprogrammed catabolic energy source utilization and onset of metabolic inflexibility by denial 

of carbohydrate usage. My goal was to elucidate the mechanism of such metabolic inflexibility 

stemming from mtDNA instability. Metabolomic analysis demonstrated that the levels of those 

ketogenic amino acids which are degraded into acetyl-CoA in cytosol were decreased. This 

suggested a depletion of cytosolic AcCoA, which in turn would affect among other things 

protein acetylation. Indeed, I found that that the acetylation level of total protein fractions had 

decreased both at 6 and 10 days. Moreover, the level of another posttranslational modification, 

poly-ADP-ribosylation (PARylation) had also decreased, albeit with slower kinetics than 

acetylation. Surprisingly, no difference was observed in acetylation level of mitochondrial 

proteins. Providing organisms with extracellular source of AcCoA in the form of citrate-

complemented food was able to recover the loss of acetylation. Importantly, it was also able to 

alleviate the strong lethality caused by mtEcoBI expression. It also diminished the rate of 

triacylglyceride loss and postponed the switch to obligatory fatty acid usage, demonstrating the 

causal relationship between acetylation and onset of metabolic inflexibility.  

In conclusion, we have found a novel mtDNA stress response that causes changes in post 

translational modifications of cytonuclear proteins, which leads to the loss of metabolic 

flexibility and subsequent lethality. 
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Ribosomes are considered as macromolecular complexes with homogeneous and stable 

composition. This implies that all ribosomes are functionally equivalent and their structure is 

rather insensitive to environmental changes. However, growing experimental evidence indicates 

ribosome heterogeneity, i.e. that there are structurally different ribosome subpopulations in 

eukaryotic and bacterial cells. It has been proposed that ribosomes could preferentially translate 

some mRNAs and therefore act as filters. 

 

This study investigates changes in bacterial ribosomal protein composition during cell growth 

focusing on Escherichia coli ribosomes. Quantitative mass spectrometry analysis of ribosomes 

from different growth phases has shown that all ribosomes have identical protein composition 

with exception of proteins bL31 and bL36. Both proteins are encoded by two paralogous genes 

(for bL31 rpmE, ykgM and for bL36 rpmJ, ykmO) with approximately 35% identity. However, 

both paralogs of bL31 and bL36 are simultaneously present in E. coli ribosomes in vivo 

demonstrating ribosome heterogeneity. Interestingly, their abundance changes remarkably as 

cells transition from fast growth to stationary growth phase. The abundancy of bL31A and 

bL36A paralogs decrease dramatically concurrent with the respective increase of bL31B and 

bL36B. Next, in vitro assays demonstrated that under acidic pH bL31A preferentially dissociates 

from ribosomes and that bL31B replaces bL31A on ribosomes. In growth competition assay 

bL31A supported cyclic growth more effectively than bL31B. In conclusion, we have 

demonstrated on the example of ribosomal protein paralogs that E. coli ribosomes are 

heterogeneous at ribosomal protein level, their protein composition changes at the end on fast 

growth and suggest that in the case of bL31 it could be partially caused by protein exchange on 

ribosomes. 
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Maintaining genome stability is critical for all living organisms. Helicases, ATP dependent DNA 

translocases, are important for virtually every aspect of DNA metabolism (Hodeib et al., 2017). 

Specifically, Pif1, Hmi1 and Irc3 are needed for yeast mitochondrial DNA stability (Sedman et 

al., 2014). Unstable mitochondrial DNA may lead to the loss of respiratory activity in cells 

resulting in a variety of syndromes and premature death (Uchiumi et al., 2015). Irc3 is a recently 

described yeast mitochondrial helicase, which has in vitro specificity for double stranded or 

branched DNA structures and requires ATP hydrolysis energy for enzymatic activity (Gaidutšik 

et al., 2016). 

The aim of this study was to understand Irc3 oligomerization and to elucidate mechanism of Irc3 

binding to different DNA cofactors.  

Prior to this study, Irc3 preparations contained impurities and low amounts of Irc3 that hindered 

biochemical analysis. We have established a novel recombinant Irc3 purification protocol that 

includes the following column chromatography steps: Ni-agarose chromatography, proteolytic 

cleavage of the His-tag, additional Ni-agarose step to remove the protease and the tag and final 

polishing on heparin-agarose resulting in >95% pure Irc3, that is appropriate for most functional 

and structural studies. 

For the purpose of elucidating mechanism of Irc3 activity on different DNA cofactors, protein 

oligomerization state in solution and in protein-DNA complexes as well as Irc3 binding 

specificity must be determined. Oligomerization was studied by protein kinetics, analyzed by 

NADH-conjugated ATPase assay, and by ultracentrifugation in glycerol gradient. Irc3 binding 

specificity on different DNA cofactors was tested by DnaseI footprinting assay. Experiments 

demonstrated that Irc3 is monomeric in solution and on DNA cofactors. Irc3 mainly protects 

branched structures starting from 7-5 nucleotides before and up to 5 nucleotides after replication 

fork. All this results support a model, that Irc3 needs both double stranded and single stranded 

DNA for optimal binding and is active as a monomeric protein. 
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The genes of MAL clusters of yeasts encode α-glucosidase, α-glucoside permease and 

transcriptional activator proteins which enable yeasts to utilize maltose and other α-glucosidic 

sugars. Although clustering of functionally related genes in yeasts is rare, MAL clusters have 

been found in the genomes of Saccharomyces cerevisiae, Scheffersomyces stipitis, Ogataea 

parapolymorpha and O. polymorpha. We searched and characterized the MAL gene clusters in 

the genomes maltose-growing non-conventional yeasts of varied phylogenetic age. Most of the 

genomes were accessed through the MycoCosm portal 

(http://genome.jgi.doe.gov/programs/fungi/index.jsf). The highest number of MAL clusters was 

detected in Lipomyces starkeyi while no MAL clusters were found in Schizosaccharomyces pombe 

and Blastobotrys adeninivorans. Substrate specificity of experimentally unstudied α-glucosidases 

was predicted from sequence analysis of the proteins. Crystal structure of S. cerevisiae isomaltase 

IMA1 in complex with its substrates has revealed the amino acids Y158, V216, G217, S218, L219, 

M278, Q279, D307, and E411 bordering the substrate-binding pocket. These nine amino acids are 

variable between the maltases, isomaltases, and maltase-isomaltases, and have been used as a 

signature sequence for α-glucosidases (Viigand et al., 2016 and references therein). α-Glucosidases 

encoded by MAL clusters of S. stipitis were predicted by us as maltase-isomaltases whereas the α-

glucosidase AG2 of B. adeninivorans was predicted as a maltase. Heterologous expression and 

enzymatic study of these proteins proved that our prediction was correct.  

Interestingly, α-Glucosidases of early diverged yeasts L. starkeyi, B. adeninivorans and S. pombe 

showed sequence relatedness with α-glucosidases of Bacillus bacteria hinting to their bacterial 

ancestry. 

Further study of α-glucosidases of non-conventional yeasts would facilitate reconstructing and 

understanding evolution of these proteins and also explain how protein structure affects the 

protein function. 
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Most bacteria contain various chromosomal toxin-antitoxin (TA) systems consisting of a harmful 

toxin and its corresponding antitoxin that neutralizes the toxin. TA systems have been proposed 

to be involved in stress management as they have been associated with growth-rate regulation, 

biofilm and persister cell formation, protection against phages and stabilization of genomic 

mobile DNA. However, as the results of different groups are highly controversial, the 

physiological importance of chromosomal TA systems remains unclear. 

 

There are 15 predicted Type II TA systems in Pseudomonas putida. The aim of this work was to 

examine if the deletion of multiple TA systems from the genome of P. putida had any effect on 

the bacteria’s fitness and stress tolerance. Our data shows that deletion of 13 TA systems does 

not affect P. putida’s fitness and stress tolerance considerably. We did not observe any effect on 

P. putida’s growth rate in rich medium or on LB solid medium containing different chemicals. 

Neither did TA system deficiency affect the amount of antibiotic tolerant persister cells or 

biofilm production. Still, little effect was detected on the mutant’s growth rate when growing in 

LB liquid medium containing either nitroquinoline or paraquat compared to wild type strain. 

Also, the deletion of 13 TA systems seems to increase the competitive fitness of P. putida, 

indicating that TA systems are rather costly than beneficial for the bacterium.  

 

Due to the absence of notable fitness effects, we tested whether the predicted toxins have 

maintained their toxicity. Deletion analysis of antitoxin genes revealed that most of the toxins are 

toxic or moderately active, hence indicating that TA systems are functional. Further studies are 

in progress to determine the importance of TA systems in certain growth conditions or in a 

mixed bacterial consortium. 
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Due to human activities there are many toxic aromatic compounds called xenobiotics in the 

environment. Xenobiotics are persistent in the environment for a very long time because of their 

chemical structure and stability. Since most of these aromatic compounds contain foreign 

structures there are missing necessary catabolic pathways in microbes for the degradation of 

these compounds. Despite of that there has been isolated many bacterial strains that are capable 

to degrade such compounds. Microbial ability to evolve to new environmental conditions and 

their metabolic versatility contributes to the evolution of new catabolic pathways which enables 

to use new aromatic compounds as an energy and carbon source.  

 

In this work we carried out laboratory evolution experiment with constructed Pseudomonas 

putida strains that degrade toxic phenolic compound called m-cresol (Cre
+
 phenotype). The aim 

of this experiment was to examine what kinds of changes could occur in bacterial populations 

throughout the laboratory evolution experiment which enabled bacteria to degrade or tolerate m-

cresol more efficiently. Bacteria were cultivated in glucose-containing medium in the presence of 

5 mM m-cresol (335 to 427 generations). P. putida wild-type strain which did not carry genes 

necessary for the degradation of m-cresol was used as a control population. In order to evaluate 

impact of increased mutation frequency on the evolution of bacterial populations in the presence 

of m-cresol, P. putida Cre
+
 lineages deficient in DNA mismatch repair (lack of functional mutS 

gene) were also included in the evolution experiment. We wanted to investigate whether mutS-

deficient bacterial population could evolve and adapt more efficiently to these environmental 

conditions compared with bacterial population which had lower mutation frequency. Initial 

screenings of the evolved lineages implied that despite the frequency of mutations, in each 

lineage there are subpopulations evolved via different evolutionary trajectories either leading to 

increased efficiency of m-cresol catabolism or higher tolerance to this substrate with concomitant 

loss of corresponding catabolic genes. These results indicate that a “bet-hedging” strategy could 

be prevailing in populations of P. putida when exposed to toxic phenolic pollutants.  
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Estonian black shale (argillite), with relatively high content of organic matter, contains U, Mo, 

V, Pb, Zn, Re, and Ni tenfold more than is the average of the Earth's crust. Metals are in argillite 

as sulfides or in the composition of organometallic compounds [1]. Commercial-scale 

bioleaching and biooxidation processes which have been mainly applied to sulfide ores are based 

on the activity of acidophilic iron- and sulfur-oxidizing microorganisms [2]. At the same time, 

much less is known about the microbial decomposition of organometallic complexes. 

Our previous studies have shown that indigenous community of argillite, ARGCON5 (CELMS 

No EEUT ARGCON5) under anaerobic conditions and at pH 7 is able to decompose the organic 

matter of argillite with releasing the metals [3]. ARGON5 community contains also facultative 

anaerobes. To evaluate dissolution of metals in aerobic and neutral pH conditions, aerobic 

cultivation experiments at pH 7 were performed using currently existing consortium ARGCON5 

and new consortia enriched from different argillite samples from drill-core (near Keila) and 

outcrops (from Pakri peninsula). We observed that indigenous microbial communities of argillite 

(ARGCON5 and new aerobic consortium P9 selected by adaptive laboratory evolution 

experiments) were capable to use organic component of argillite as the sole carbon source and 

release metals under aerobic conditions. 

To gain the highest bioleaching yield under neutral pH conditions, two-stage cultivation 

experiments were performed. Argillite treated first anaerobically in neutral conditions was used 

as substrate for experiments in aerobic and neutral conditions. Two different media, liquid phase 

derived from anaerobic cultivation in R2A medium (spent R2A medium) and M9-buffered 

minimal liquid medium were used. All experiments were started at pH 7. The aerobic growth of 

indigenous ARGON5 community alone and together with P9 community and changes in pH 

conditions were monitored. It appeared that both communities were able to grow under aerobic 

conditions using anaerobically treated argillite as a growth substrate. Differently from the 

cultivation in M9-buffered medium when pH was maintained at 7, the cultivation in spent R2A 

medium resulted in pH changes to basic (pH 10). Analysis of the metals content in the liquid and 

solid phases is in progress. 
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There are large number of different microbes in the human gut that perform several important 

functions for the body. It has been shown that changes in the microbiome are correlated with a 

wide array of illnesses, such as inflammatory bowel disease, obesity and type 2 diabetes. Thus, 

analyzing microbiome data and integrating it with other data resources has potential to improve 

risk predictions and give a contribution to development of personal medicine.  

Microbiome data is analyzed in many ways. Common questions asked are, how diverse is 

the microbiome and are there differences in the microbiome diversity between healthy 

individuals and individuals with a disease. Are there certain microbes or groups of microbes that 

are correlated with the disease prevalence? Finally, as the microbial community is a complex 

ecosystem, are there groups or pairs of microbes co-existing in the system? 

Microbiome data is commonly collected by targeting 16S rRNA gene from the sample. 

This approach introduces compositionality to the data, which means that there is no information 

in the total read numbers obtained from the sequencing process, all information is relative. Also, 

microbiome data is high-dimensional and sparse. These features demand careful statistical 

consideration when analyzing microbiome data. Compositional nature of the microbiome data 

produces high false discovery rates when traditional statistical methods are applied directly to the 

data. When analyzing microbiome data, the researchers should acknowledge and take into 

account the complex nature of the data and apply methods specifically developed for such 

purposes.  

The aim of this thesis is to give an overview of methods used for answering questions 

about human microbiome and demonstrate their performance for analyzing gut microbiome data 

of prediabetic and healthy individuals. Secondly, to introduce problems that occur when 

analyzing microbiome data when not considering their compositional nature and finally, to point 

out other considerations and pitfalls when analyzing and interpreting microbiome data.  
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TonB-PocAB system is a membrane-associated complex that consists of TonB, PocA and PocB 

proteins. In Pseudomonas aeruginosa the TonB-PocAB complex regulates motility mechanisms 

by assuring the correct placement of FlhF, a protein that marks the place for the synthesis of new 

flagella (Cowles et al., 2013). The absence of TonB-PocAB in Pseudomonas aeruginosa results 

in random localization of flagella and for unknown reasons the complex is also essential for the 

polar placement of pili (Cowles et al., 2013). TonB-PocAB system’s homologue in Escherichia 

coli, the TonB-ExbB-ExbD complex, is an energy transduction complex that contributes to active 

transport across the outer membrane by harnessing proton motive force (Postle and Larsen, 

2007).  

We found that in Pseudomonas putida the TonB-PocAB complex not only regulates the right 

placement of flagella, but is also necessary for the maintenance of membrane integrity. Our 

results indicate that similarly to P. aeruginosa the TonB-PocAB complex regulates the 

localization of flagella through FlhF, but in addition to that the cells lacking intact TonB-PocAB 

complex are, foremost in stationary phase, more sensitive to several stresses. There are multiple 

changes in the proteome of tonB deletion strain in both exponential and stationary growth phase, 

but the differences are far more extensive in exponential phase. We propose that this response of 

exponentially growing cells can compensate the TonB-PocAB’s deficiency, while stationary 

phase cells are unable to alleviate the lack of TonB-PocAB. A large portion of the changed 

proteins indicate that the TonB-PocAB deficient cells have a problem with membrane integrity 

which could explain the increased stress sensitivity. Our results suggest that mislocalization of 

flagella does not cause the membrane integrity problems. Rather, the impaired membrane 

intactness of TonB-PocAB deficient strains could be the reason for the random placement of 

flagella. 
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 Large-scale, population-based biobanks integrating health records and genomic profiles 

may provide a platform to identify individuals with disease-predisposing genetic variants. Here, 

we recall probands carrying familial hypercholesterolemia (FH)-associated variants, perform 

cascade screening of family members, and describe health outcomes affected by such a strategy. 

 The Estonian Biobank of Estonian Genome Center, University of Tartu, comprises 52,274 

individuals. Among 4,776 participants with exome or genome sequences, we identified 27 

individuals who carried FH-associated variants in the LDLR, APOB or PCSK9 genes. Cascade 

screening of 64 family members identified an additional 20 carriers of FH-associated variants.  

 Via genetic counselling and clinical management of carriers, we were able to reclassify 

51% of the study participants from having previously established non-specific 

hypercholesterolemia to having FH and identify 32% who were completely unaware of 

harboring a high-risk disease-associated genetic variant. Imaging-based risk stratification 

targeted 86% of the variant carriers for statin treatment recommendations. Further efforts are 

being made for identifying additional carriers within the whole-genome array dataset genotyped 

with Illumina Infinium Global Screening Array and imputed with the population-specific 

reference panel built from the whole-genome sequences of 2,420 individuals ath the Estonian 

Biobank (n=33,279) 

 Genotype-guided recall of probands and subsequent cascade screening for familial 

hypercholesterolemia is feasible within a population-based biobank and may facilitate more 

appropriate clinical management.  
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The falling cost of sequencing has made genome sequencing affordable to a large number of 

labs, and therefore, there has been a dramatic increase in the number of genome sequences 

available for comparison in the public domain. These developments have facilitated the genomic 

analysis of bacterial isolates. An increasing amount of bacterial whole genome sequencing 

(WGS) data has led to more and more genome-wide studies of DNA variation related to different 

phenotypes. Among these studies, antibiotic resistance phenotypes are the most concerning and 

have garnered high public interest, especially since several multidrug-resistant strains have 

emerged worldwide. The growing amount of available data and increasing focus on this topic 

comes with the need for more efficient and easily applicable bacterial phenotype analysis tools. 

 

To address this need, we developed a new k-mer-based method called PhenotypeSeeker that (a) 

generates a k-mer-based statistical model for predicting a given phenotype and (b) predicts the 

phenotypes from the genomic sequences of a given bacterial isolates. In addition to phenotype-

predictive model, PhenotypeSeeker creates a complete list of phenotype-specific k-mers in the 

input genomes. These k-mers could be used to detect known causative mutations behind the 

phenotype as well as to search for new candidate biomarkers leading to the phenotype. 

PhenotypeSeeker is applicable to datasets consisting of genome data (assembled contigs or raw 

reads) and phenotype data (binary or continuous) of hundreds of isolated strains. We validated 

PhenotypeSeeker on three datasets: 167 Klebsiella pneumoniae isolates with virulence status as 

the phenotype, 200 Pseudomonas aeruginosa isolates with ciprofloxacin resistance status as a 

phenotype and 460 Clostridium difficile isolates with azithromycin resistance status as a 

phenotype. The phenotype prediction models trained from these datasets obtained the F1-

measure of 0.88 on the K. pneumoniae test set, 0.88 on the P. aeruginosa test set and 0.97 on the 

C. difficile test set. The F1-measures were the same for assembled sequences and raw sequencing 

data; however, building the model from assembled genomes is significantly faster. On these 

datasets, the model building on a mid-range Linux server takes approximately 3 to 5 hours per 

phenotype if assembled genomes are used and 10 hours per phenotype if raw sequencing data are 

used. The phenotype prediction from assembled genomes takes less than one second per isolate. 

Thus, PhenotypeSeeker should be well-suited for predicting phenotypes from large sequencing 

datasets. PhenotypeSeeker is implemented in Python programming language, is open-source 

software and is available at GitHub (https://github.com/bioinfo-ut/PhenotypeSeeker/). The full 

article describing this method is available at PLOS Computational Biology 

(https://doi.org/10.1371/journal.pcbi.1006434). 
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Inulin-type fructo-oligosaccharides (I-FOS) have β 2,1 linkage between fructose residues and are 

well studied and widely used prebiotics in pharmacy and food industry. Levan-type FOS (L-

FOS) have β 2,6 linkages, they are not yet commercially produced, but indicate even higher 

prebiotic activity than I-FOS. I-FOS are present in plants: chicory, wheat, onion, banana, garlic, 

asparagus and Jerusalem artichoke, from where they are easily extracted. L-FOS are produced 

from sucrose by bacterial enzymes, mostly levansucrases. Levansucrases produce from sucrose a 

mixture of fructans: I-FOS, L-FOS, highly polymeric levan, and a high amount of glucose, a 

main by-product of levansucrase reaction. Thus, this blend is highly heterogeneous and 

inappropriate for industrial use without further purification.  

Our group deals with endo-levanase BT1760 of human gut commensal Bacteroides 

thetaiotaomicron. This protein cleaves polymeric levan into L-FOS of varied length. The enzyme 

is easily produced, has a high catalytic activity and stability and has a potential for large-scale 

production of L-FOS from levans (Mardo et al., 2017). According to the Pfam database the 

BT1760 has in its C-terminus a domain of unknown function (DUF4975), its N-terminal 

catalytic domain is expected to have a 5-fold β-propeller fold. From endo-fructanases, the 

structure of the Aspergillus ficuum endo-inulinase INU2 has been solved. It has N-terminal 

catalytic domain of 5-fold β-propeller with four β-sheets, and a C-terminal β-sandwich domain 

(Pouyez et al., 2012). The C-terminal β-sandwich domain of INU2 has not been studied for 

function. Regarding levanases, the only available structure is of the C-terminal carbohydrate 

binding module (CBM66) of the Bacillus subtilis exo-levanase (Cuskin et al., 2012). The 

CBM66 increases affinity towards levan via avidity mechanism in which CBM66 and the 

catalytic module target the termini of different branches of the same polysaccharide molecule. 

We aimed to study a potential levan-binding role of the C-terminal β-sandwich domain of 

BT1760. For that we constructed BT1760 mutants, where N- and C-terminal modules were 

separated. The single-domain mutant proteins were synthesized in E. coli for biochemical 

analysis. Based on results we conclude that these two domains of BT1760 cannot be separated as 

are both required for correct folding, activity and stability of the protein. 
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Mitochondrion is a compartment present in most eukaryotic cells. The main function of 

mitochondria is the production of energy. Most proteins required for proper functioning of 

mitochondria are encoded by the nuclear genome. Despite many studies, there are still many 

proteins with unknown role implicated in mitochondrial function [1]. One of these protein is 

Irc3, which encodes a superfamily II (SFII) helicase, specific for branched DNA structures [2,3].  

Recently we described Irc3 ATPase activity dependence on DNA cofactor length with a 

colorimetric assay. Our data demonstrated that Irc3 translocates along double-stranded DNA. 

Our analysis suggested a model that includes a slow kinetic step of Irc3 dissociation from the 

end of DNA template. In addition, our analysis indicated that the C-terminal domain of Irc3 is 

required for dsDNA translocase activity as no dependence of Vmax from DNA length was 

observed with a mutant protein containing only the N-terminal helicase motor [4].  

Despite being a dsDNA translocase, Irc3 prefers different branch structures. Here, we 

investigated Irc3 helicase activity on more complex and specific DNA:DNA or DNA:RNA 

hybrid molecules, known as D- or R-loops. We firstly examined the unwinding of partial 

duplexes made by annealing 
32

P-labelled DNA or RNA to double-stranded (ds)DNA. Our 

analysis demonstrated that Irc3 unwinding activity on DNA:DNA substrates was at least 2-fold 

higher than on DNA:RNA substrates. Irc3 cannot form complexes with DNA:RNA substrates 

especially at high concentration of protein, while with DNA:DNA substrates the complexes 

appear at low concentration. Also we investigated the translocation activity on both DNA:DNA 

and DNA:RNA substrates. Our findings indicated that Irc3 binds only on dsDNA and have no 

ATPase activity on DNA:RNA substrates.   

Finally, SSB proteins, like mitochondrial protein Rim1, are known to specifically 

stimulate helicase activity in vitro. We purified Rim1 and investigated the influence of Rim1on 

Irc3 in unwinding and binding assays. Our data demonstrated that Irc3 unwinding and binding 

activities are approximately  2-fold inhibited in presence of Rim1 protein.  
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During folliculogenesis the oocyte is surrounded by granulosa cells (GCs), that are crucial to its 

development and maturation. The oocyte is not capable of some metabolic processes and needs 

nutritional support from granulosa cells. They provide the oocyte with growth factors, hormones, 

and cytokines. Long-term culturing and testing of primary granulosa cells would help to reveal 

granulosa-related fertility problems. There is still need for more efficient and defined conditions 

for studying these cells. Our aim was to develop serum-free culture conditions which would 

support long-term cultivation of primary granulosa cells.  

Primary luteinized human GCs were cultivated in DMEM/F12 growth medium with 20% 

KnockOut Serum Replacement (KSR), 1% penicillin/streptomycin, primocin (100 μg/ml), IGF2 

(50 ng/ml) and FGF2 (8 ng/ml) up to 24 days. Starting from day 4, FSH was added to half of the 

cells. Growth medium was changed daily. Cells were passaged using TrypLE, half of the cells 

were replated and half were lysed using Trizol reagent. RNA was purified, cDNA was 

synthesized, and the expression levels of GC markers were analysed by qPCR.  

We were able to cultivate primary GCs in serum-free growth medium for 24 days before ending 

the experiment. First 4 days of culturing without FSH allow the cells to overcome the luteinized 

state, where GCs are unresponsive to hormonal stimulations, and FSHR and AMHR are 

upregulated. Adding FSH to the growth medium starting from day 4 increases the expression of 

AMHR, LHR, and CYP19A1 (aromatase) by day 7. By day 13, all of our GC markers – FSHR, 

AMHR, LHR, and CYP19A1 – are expressed on higher levels than in the luteinized state. 

Therefore, it is possible to study the effects of FSH, AMH, and LH on GCs, as well as observe 

aromatase activity. By day 24 most of the GC markers are downregulated and FGF2 with its 

main receptor FGFR1 are upregulated. Also, their morphology has gotten more similar to 

fibroblasts, as shown on the photos above. Therefore, 24 days of culture is no longer a reliable 

time point to study GCs. This culturing method can be used to study the effect of hormones and 

growth factors on primary human GCs until 13 days of culture. 
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The connection between stress and other psychological conditions and the activity of 

inflammatory skin diseases (eg psoriasis and atopic dermatitis) has been noted for a long 

time.
1,2,3

 However, the research conducted in this area is still scarce and the area of 

psychodermatology is largely unexplored. Furthermore, the underlying molecular and 

physiological mechanisms underlying the ties between psychological status and skin 

pathological conditions are only superficially described.
4
 The modulation of the immunological 

status has been proposed, however the potential of direct neural signalling in skin has been 

studied only superficially.
5,6

  

This project aims to substantiate the connections between psychological traits (depression, stress 

situations, traumatic episodes) and emergence of dermatologic symptoms. The project aims to 

bring together experts from multiple areas as psychology, neuroscience, genomics and cell 

biology to elucidate the potential psychological and corresponding molecular mechanisms that 

tie together the psychological and molecular events that lead to the exacerbation of skin diseases.  

To substantiate the connection between psychological traits and presence of dermatologic we 

study large datasets already compiled: EYHS (European Youth Heart Study) initiated Estonia in 

1998, (now called ECPBHS - Estonian Children Personality Behaviour and Health Study) and 

IDEFICS (Identification and prevention of dietary- and lifestyle-induced health effects in 

children and infants – 2006-2012).  These cohorts encompass close to 4400 subjects and feature 

various dermatological symptoms (aggravation of atopic dermatitis or psoriasis, appearance of 

chronic itching etc).
7
  

The baseline study of ECPBHS (EYHS) was conducted in the 1998/99 academic year. 1176 

subjects were divided into 2 cohorts: I cohort consisted of 583 9 years old children and II cohort 

included 593 15 years old children. Further I cohort studies were conducted in 2004, 2007 and 

2014 and II cohort studies in 2001, 2008 and 2016.
7
 The author has contributed to this study 

during previous postgraduate studies. 

In the 1
st
 cohort, over the years, skin problems were reported annually by 90 (18.7% of the 

subjects) subjects, and 89 (17.1%) respondent in the older cohorts each year. In the younger 

cohort, skin disease has been diagnosed in 4 subjects and in the 2
nd

 cohort 14. 

Further work will focus on elucidating potential connections between reported psychological 

conditions and skin symptoms. As a next step a specific questionnaire connecting the presence of 

skin diseases and psychological conditions will be prepared. 
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Pseudomonas pseudoalcaligenes ICTN13 and Acinetobacter venetianus ICP1 were isolated from 

the samples taken from the crude oil refinery wastewater treatment plant URAN FTP, India. The 

aim of the work was to characterize indigenous strains that could improve the degradation 

capability of the treatment plants receiving aromatic hydrocarbons rich wastewater. In this study 

we focused on the ability of these two strains to degrade phenol in a single and mixed culture 

conditions. 

For degradation of phenol strain ICTN13 possesses phenol catabolic operon encoding for 

multicomponent phenol hydroxylase and catechol meta pathway enzymes (e.g.,2,3-dioxygenase). 

Strain ICP1 has also multicomponent phenol hydroxylase, but in this case catechol is cleaved via 

catechol ortho pathway by catechol 1,2-dioxygenase. Both strains were able to grow on minimal 

agar medium containing up to 5 mM phenol. To determine growth parameters and identify the 

accumulating intermediates the single strains and the mixture of strains were grown on minimal 

medium supplemented with 1.3 mM phenol. The growth rate of the ICTN13 in phenol-

containing medium was lower than that of the ICP1. The growth medium of the ICP1 turned 

brownish due to the auto-oxidation of ejected catechol to quinones. During the growth of 

ICTN13 the accumulation of 2-hydroxymuconic semialdehyde (HMS) was observed. The 

growth experiments on phenol revealed that although the strains ICP1 and ICTN13 are using 

different pathways for the degradation of phenol, in both cases intermediates are accumulating in 

the medium.  

Similarly to the single strain cultivations, the accumulation of intermediates was observed 

also in the mixed cultures. However, catechol was degraded from the growth medium faster than 

by ICP1 grown alone. The FACS analysis was used to determine the proportions of strains ICP1 

and ICTN13 in the mixed culture cultivation on phenol. The analysis of lag-phase samples 

revealed the predominance of ICP1 in the mixed culture, but equilibrium between the two strains 

was achieved in the middle of the logarithmic growth phase when phenol and the ejected 

catechol were consumed from the growth medium. At the same time, the concentration of HMS, 

the intermediate of the catechol meta pathway, had reached to the maximum value. After that 

point the proportion of ICTN13 increased, while that of ICP1 decreased in the mixed culture. 

The mixed culture cultivations on 1.3 mM phenol revealed the complementary impact of both 

strains. At the optimum growth temperature (30 °C) the length of lag-time was decreased and the 

growth rate was increased, accompanied with diminished external concentrations of the 

intermediates of the phenol catabolism pathways.  

During the cultivation of ICP1 and ICTN13 on phenol-containing medium the formation 

of aggregates/flocs in flasks was observed, especially in the case of the strain ICP1. In the mixed 

cultures the aggregates were observed already after 4 hour cultivation and coaggregates were still 

present after 8 hours incubation. The biofilm formation ability was enhanced if phenol was 

added to the R2A medium, especially in the case of the strain ICP1. 

Based on the obtained data we can conclude that in the mixed culture conditions phenol 

was degraded via cooperation of two strains, whereas especially the strain ICP1 is responsible 

for the adherence and ICTN13 diminishes the accumulation of toxic intermediates. 
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It is very important to know protein 3D structures, more specifically to understand their 

molecular interactions and consequently, their functions and physiological roles. However, 

protein structure information can be used more widely, not only in molecular biology and 

physiology, but also in evolution and even in virology.  

The detection of homologous sequences by pairwise comparison is widely used in many fields. 

The problem with it is that traditional methods (like BLAST) are not always capable of detecting 

very distant homologous sequences, because the sequence similarity has changed greatly in time. 

One way to overcome this is to use more sensitive, profile-based methods (like HMMs). It is also 

known for a long time that protein structure is more conserved than the sequence (1, 2). We used 

both of these advantages to detect ancestral virus-to-host protein domain transfers.  

The virus-to-host gene transfers may lead to integration and fixation of endogenous viral 

elements (EVEs). During the last decade EVEs have been found in different eukaryotic 

kingdoms and have originated not only from retroviruses but also from cytoplasm- and nucleus-

replicating non-retroviral viruses. So, the viruses have had a significant impact on genesis of 

cellular protein domain repertoire. Viruses are very fast evolving units, so the sequence similarity 

may disappear very quickly. We applied structure and HMM based methods to detect EVEs that 

have not been detected by ‘BLAST only’ analysis. As a proof of principle we used sequence and 

structure of Virgaviridae (most famous member Tobacco Mosaic Virus) capsid protein to find 

homologous protein domains in eukaryotes. This domain was found in Schizophora flies 

(including Drosophila) and further analysis confirmed the virus-to-host transfer. 

Our results show that protein structure and HMM based methods should be applied to detect 

more ancestral EVEs. 
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All the main steps of protein synthesis – initiation, elongation, termination and ribosome 

recycling – are dependent on the interactions between ribosomal subunits. Structural studies of S. 

cerevisiae 80S ribosome describe 17 intersubunit bridges that can be divided in two categories: 

universally conserved among the all kingdoms and eukaryote-specific. Twelve universal bridges 

are positioned close to the ribosomal functional centers and consist of rRNA-rRNA, protein-

rRNA and protein-protein type interactions. Four out of five eukaryote-specific bridges are 

located on the periphery of the ribosome and may additionally regulate rotation of ribosomal 

subunits. Eukaryote-specific bridges lack rRNA-rRNA type interactions and are predominated by 

protein components. For the moment, little is known about the functional importance of the 

eukaryote-specific intersubunit bridges.  

Two intersubunit bridges, eB13 and B6, are formed by ribosomal non-essential protein eL24. 

This protein is composed of three domains. The C-terminal ɑ-helix and linker region of eL24 are 

the main components of eukaryote-specific bridge eB13. Conserved bridge B6 is made of only 

two contacts between N-terminal domain of eL24 and 18S rRNA. 

Several yeast mutants were constructed to characterize the functionality of ribosomes with 

compromised eB13 and/or B6 bridges or without eL24 protein [1]. The loss of B6 bridge has no 

detectable effect on yeast cell viability and does not change the level of global translation, 

showing that B6 does not play a significant role in ribosome functioning. Phenotypic analysis of 

eB13 bridge mutants revealed that functionality of this bridge primarily depends on the protein-

protein type contacts between eL24 and eS6. Further examination revealed two distinct functions 

of the eB13 bridge. First, eB13 bridge ensures stable/correct joining of 60S and 40S subunits in 

vitro and in vivo. The contribution of eB13 bridge during translation initiation was demonstrated 

by in vitro translation experiments. Second, eB13 bridge is also important for elongation step of 

translation. Ribosomes with compromised eB13 bridge have reduced rate of in vitro elongation 

compared to control ribosomes. The analysis of mutant lacking the eL24 protein indicates that 

the N-terminal domain of eL24 is specifically crucial for the initiation of translation. The 

ribosomes without eL24 showed lower rate of initiation during in vitro translation assay if 

compared to eB13 bridge mutant ribosomes.  

Eukaryotic ribosomal protein eL19, structurally similar to eL24, is essential for viability. The N-

terminal domain and middle region of eL19 are indispensable for ribosome biogenesis [2]. The 

C-terminal ɑ-helix of eL19 forms the eukaryote-specific bridge eB12. Analysis of mutants 

lacking the eB12 bridge showed involvement of this bridge in supporting of ribosomal subunit 

joining [2]. Therefore, different domains of eukaryotic ribosomal proteins eL19 and eL24 

demonstrate pleiotropic functions. In addition, although the eB12 and eB13 bridges are 

dispensable for viability, they are important for initiation and elongation of translation. 
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Nationwide electronic health and drug prescription registries provide information on major 

health events for epidemiological and genetic association studies. Although statins are the 

number one lipid lowering drug globally despite their well-documented benefits, therapy is 

commonly discontinued. One of the major risk factors for statins poor adherence is represented 

by the onset of adverse drug reactions (ADRs). Increasingly, genetic variations are being 

recognized to play a role in individual’s therapeutic response to drugs and the question remains 

whether genetics could provide meaningful insight regarding of an individual patient’s risk of 

statin induced adverse events.  

 

To study the genetics of statin usage and identify possible causes of side effects of statins, we 

surveyed usage and adherence to statin therapy among participants of the Estonian (EST) and 

Finrisk (FIN) biobanks by analysing the electronic drug prescription data of the subjects 

(available over the periods of 2003-2017 and 1995-2015, respectively). In the EST cohort 9608 

individuals had been prescribed and purchased statins, and in the FIN cohort the respective 

number was 8579.  

 

First, we investigated the genetic profile of statin users in separate genome wide analyses of 

35,696 Estonians and 22,710 Finns. By meta-analysing the results, we identified 22 genomic risk 

loci covering 38 lead SNPs. We were able to find several strong associations with genes that are 

well known in lipids metabolism and statin response (APOE; PCSK9; LDLR; HMGCR, etc.) as 

well as new loci or independent signals (e.g. ALDH1B1, rs3043, p-value=2.76*10
-17

). In 

addition, we identified a potentially interesting triallelic variant in CYP2C8 (rs1058930, p-

value=4.22*10
-58

) in the FIN cohort. Gene-based, pathway and tissue enrichment analysis of 

associated genes showed clearly an overrepresentation of genes involved in lipid transport and 

metabolism pathways.  

 

To study the possible causes of side effects of statins we conducted a case-control study of 

individuals who had switched from simvastatin therapy and been prescribed another statin during 

the follow up period of 2010-2015. The genome-wide analysis of simvastatin switching revealed 

a borderline significant association with a novel variant in the ABCG2 gene (p-value 1.6*10
-7

, 

OR 4.44). This gene encodes an efflux transporter for a wide variety of lipophilic compounds 

including simvastatin and variations in this elimination transporter could cause differences in 

efflux activity and thus potentially increase toxicity in certain individuals. Taken together, we 

illustrate that health registry data can be used to survey genetic causes of drug side-effects 

resulting in switching or discontinuation of therapy. Identifying variants that are predictive of 

elevated risk of non-adherence may provide further guidance for prescription of statins.  
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There is increasing evidences about the interactions between gut microbiota and human health. 

Among other things, the gut microbiota has shown to be important in digestion of food
1
, 

pathogenesis of different diseases
2
 and drug metabolism

3
. The composition of the gut microbiota 

can be considered as a complex trait, with the quantitative variation in the microbiome affected 

by a large number of host and environmental factors. The studies have shown that the 

composition of microbiota can depend on the geographic location
4
 and ethnicity

5
, thus it is 

important to describe the microbiota in different populations and investigate the potential 

differences. Identifying and characterizing major microbiome-associated variables is essential for 

robust disease marker identification in clinical studies. 

 The aim of this PhD thesis is to characterize the variability and composition of gut 

microbiota in Estonian population as well as look for associations between gut microbiota and 

different health parameters using fecal samples from Estonian Biobank cohort. Our microbiome 

cohort currently contain around 1000 participants. The composition and functional profile of gut 

microbiota and its richness and diversity will be studied using the metagenomic sequencing. The 

information of lifestyle parameters (smoking, physical activity, stress, diet, etc.) will be obtained 

from questionnaire answered by the participants. The health-related data (diagnosis, procedures, 

treatments, prescriptions, lab measurements etc.) will be collected from central e-health 

databases and hospital information systems. During this PhD project we will define the factors 

that affect the microbiome variation in the Estonian population. Our dataset helps to understand 

the complex host- gut microbiota interactions and provide framework for further studies towards 

to understand underlying mechanisms of complex diseases. Ultimately, our study could provide 

new insights to improve diagnostics and find better therapeutic approaches. 
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Studies on twins and families indicate that a considerable proportion of gut bacteria are heritable. 

So far only a few genome-wide association studies of gut microbiota composition (mbGWAS) 

have been published. These studies however used different methods and showed little overlap in 

associated genes [1]. In our study we performed a mbGWAS on 526 METabolic Syndrome In 

Men (METSIM) samples. The gut microbiota composition was determined with 16S rRNA gene 

sequencing and the participants were genotyped using genome-wide arrays. As a result of our 

mbGWAS we found 38 SNPs from 16 different loci that passed the statistically significant p-

value <5x10
-8

. These SNPs affect the abundance of 17 bacterial taxa. Interestingly, some of the 

genes near to the SNP’s we found, such as ADCY5, INSIG1, MRS2, GALNT13, are shown to be 

associated with different traits related to type 2 diabetes. This is interesting since METSIM 

cohort consists of many pre-diabetics. However, none of the significant loci in our study overlaid 

with results from previous studies, which could potentially be a result of small sample set.  

Small sample sizes and usage of different methods of data analysis is a well-known shortcoming 

of genome-wide association studies and in order to overcome these major problems and achieve 

sufficient power for mbGWAS, the MiBioGen consortium initiative was formed. MiBioGen 

consortium assembles 18 population-level cohorts, including METSIM, and 19,000 samples to 

date and its aim is to generate new knowledge for the rapidly developing field of microbiota 

research. There are standardized pipelines for microbiota data processing and association 

analyzing. Every analysis step, including (a) microbiome data processing, (b) genotype data 

processing, and (c) genome-wide association analysis, are performed in-house, following the 

instructions and code provided to participants by the consortium. Only the summary statistics 

necessary to perform the meta-analysis are shared between the participating research groups. In 

the preliminary results based on 16,077 samples 40 different loci reached genome-wide threshold 

that affect the abundance of 55 bacterial taxa. Majority of these results were novel and not 

identified in previous studies. However, the most significant hit was already known association 

of LCT locus with abundance of genus Bifidobacterium.  
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The aryl hydrocarbon receptor (Ahr) is a ligand-activated transcription factor that is primarily 

known for its toxicological functions, although recent studies have established its importance in 

regulating many physiological processes. Studies with AhrKO mice have demonstrated its role in 

ovary. However, there is limited data about the expression of Ahr during follicle maturation. The 

aim of this study is to describe the expression of Ahr in ovarian granulosa cells of immature mice 

in a gonadotropin-dependent manner. Our results show that Ahr is upregulated in large antral 

follicles in response to pregnant mare’s serum gonadotropin (PMSG). Also, follicle stimulating 

hormone (FSH) and luteinizing hormone (LH) are both required for the increase in Ahr 

transcription and protein level. We found that FSH alone increased the Ahr mRNA, but had no 

effect on Ahr protein level, implicating a possible LH-dependent post-transcriptional regulation 

mechanism in Ahr upregulation. LH alone had no effect on Ahr expression, endorsing the 

essential role of FSH in follicle maturation. Interestingly, forskolin decreased Ahr mRNA and 

protein levels in granulosa cells of maturing follicles in vitro, suggesting the involvement of 

protein kinase A (PKA) signaling in repression of Ahr. To assess the activity of PKA in ovaries 

of PMSG-treated mice we found the phosphorylated cAMP-response element (p-CREB), a 

downstream target of PKA, present in follicles of all sizes. Accordingly, our data indicate that 

the upregulation of Ahr in large antral follicles in vivo is most likely not caused by the loss of 

PKA activity in ovary and may require the activation of other signaling pathways. 
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In ores like black shale, including Estonian metalliferous oil shale (MOS, previously graptolite 

argillite) a considerable part of metals (V, Ni, Mo, Re) are trapped into organometallic 

complexes. With traditional acidic bioleaching these metallo-porphyrins are poorly 

biodegradable resulting in extracting only metals present in ore as sulfides [1]. Bioleaching at 

neutral pH creates organic acids that can hinder the growth of autotrophic microorganisms. 

Organic compounds and metals left in the waste are hazardous to environment and wasted as a 

source of energy. Our previous studies have shown that heterotrophic facultative anaerobes and 

methanogenic archaea of MOS indigenous microbial community ARGCON5 (CELMS No 

EEUT ARGCON5) are able to decompose the organic matter of metalliferous oil shale under 

anaerobic conditions and at pH 7 resulting in generation of energetically valuable methane with 

releasing metals, like Co, Ni, Mo, Zn. [2]. Toxic intermediates (NH3, H2, H2S) are transformed 

into harmless end products (N2, H2O, S0). 

 

Here we present the recent data on bioinformatics and metal analysis on anaerobic bioleaching of 

MOS with ARGCON5. The taxonomical content of the community in inoculum, exponential 

phase and stationary phase was determined with sequencing on Illumina MiSeq platform 

targeting v4 and v5 regions with the primer pair of 515F and 926R [3]. Generated OTU tables 

were classified using Silva database [4] with a threshold of 97% and further processed with 

QIIME (v. 1.9.1). It was observed that in comparison to hydrolytic bacteria, the abundance of 

sulfur- and sulfate-reducing bacteria increased remarkably in the course of anaerobic bioleaching 

of MOS with dominating genera being uncultured Thermoanaerobacteraceae, 

Desulfotomaculum, Lutispora and Desulfitomaculum. On the other hand, metal content in the 

liquid phase was the highest in exponential phase. This leads us to the hypothesis on metal 

removal and recovery by sulfidogenesis – oxidation of simple organic compounds or H2 by 

microorganisms under anaerobic conditions, generating sulfide from the reduction of sulfur 

compounds. [5] Depending on pH, the metals released from metallo-porphyrins can form either 

soluble or insoluble metal sulfides. 
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Contemporary human populations can be seen as the combination of genetic components from ancient 

populations, which resulted from the migrations and admixture of their ancestors. Distinguishing and 

isolating these layers is crucial to the understanding of the genetic history of each population. Here, we 

aim to implement a novel ancestry deconvolution machinery via combining existing and newly developed 

softwares to characterize these genomic layers in modern individuals. This approach will combine the 

reliability of previously developed analytical tools and the cost-effective usage of already generated 

sequences, along with the innovative use of aDNA. The general pipeline will be based on SnakeMake and 

Python language and will integrate the following software: mspms, a genomic simulator; AdmixSimu, a 

tool to generate synthetic admixed populations; ChromoPainter/NNLs and ELAI, two ancestry 

deconvolution tools. 

Simulated data will be generated to for 20 populations with various demographic parameters and 

divergence time spanning from 100 to 4000 generations. Groups of individuals resulting from the 

admixture of simulated genomes will be generated and run through the pipeline and the obtained genomic 

deconvolution compared with the simulated “truth” to test the reliability of the designed approach. 

In this poster we will provide a general overview of the software pipeline as well as preliminary results 

from the simulated genomes.  
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K-mers (small substrings of DNA with length k) have been used for different purposes in genome 

analysis to efficiently handle huge amounts of genomic data (Hasman 2014; Marçais 2015, 

Kaplinski 2015). K-mer based solutions allow fast genotype calling and could be used to detect 

different types of variations like SNVs, short insertions and deletions and even copy-number 

variations. However, there are few widely accessible k-mer based methods for variant detection 

from the human genome and with the growing amount of next-generation sequencing (NGS) 

data, faster and more robust methods are needed to detect variations from sequencing reads.  

The aim of this work is to develop methods to detect human variations from NGS data using 

variant-specific k-mers. We have used amylase gene as an example to study and develop a 

method for detecting copy number variations. We have chosen 4916 k-mers from the flanking 

regions of the amylase gene in reference genome to estimate the local k-mer coverage from the 

sequencing reads for comparison. These k-mers were selected from among a set of 85 000 k-mers 

that are unique in the reference genome. The choice was made based on the frequencies of these 

k-mers in 50 Estonian samples as well as 9 samples from three other populations. We have 

selected a preliminary set of k-mers suitable for AMY1, AMY2A and AMY2B gene copy 

number detection that will be further altered and improved according to the results on real 

individuals. The counts of these k-mers along with the k-mers from flanking regions have been 

found for 7 Estonian samples and the copy numbers of AMY1, AMY2A and AMY2B genes have 

been estimated based on these k-mer counts. We have access to amylase gene copy numbers 

measured experimentally using digital droplet PCR for these 7 samples that will be further used 

for improving the k-mer selection as well as 37 other individuals that will be used later in the 

study for testing and measuring the accuracy of our method. In the future, this method can be 

easily modified for detecting other copy number variations from human genome in addition to 

the amylase gene. 
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Majority of human traits are complex and caused by the combination of multiple environmental, 

lifestyle and common genetic factors. Genome-wide association studies (GWAS) are hypothesis-

free methods used to identify genetic variants influencing numerous complex traits (MacArthur 

et al. 2017). Despite the large variety of genetic variants associated with different traits in 

NHGRI-EBI GWAS catalogue, there are multiple traits with ICD-10-CM code but with 

unraveled genetic background. 

The Estonian Biobank (EGCUT)
3
 comprises approximately of 52,000 comprehensively 

phenotyped and genotyped individuals from Estonia and covers about 5% of the Estonian adult 

population
4
. The aim of our study was to combine the data from Estonian EHRs with ICD-10-

CM traits based GWAS results and to estimate whether the data collected from the Estonian 

population (N=52,231) was specific and sufficient for large-scale studies, such as GWAS, and to 

comprise a genetic association database for ICD-10 traits specific to the Estonian population 

reference panel. 

In this study, we performed GWAS for EGCUT cohort of 13,755 individuals for 597 ICD-10 

based binary traits according to personal health-related information gathered through self-

reported questionnaires and data from Estonian e-health records. We replicated known 

associations as well as identified new associations between previously reported loci and novel 

traits, and susceptibility loci for previously unexplored traits. Our findings show that using 

different array-based datasets merged together in one study is an appropriate way to identify new 

associations and generate new biological hypotheses. 

This study is a good example of how using GWAS approach that merges large nationwide 

datasets with e-health records and biobank data strengthens the ability to identify novel 

associations between genetic variants and common traits of interest. 
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Abstract: 

Indus Valley has been the scenery for several historic and pre-historic population movements to 

South Asia from the west. However, the genetic structure of the present-day populations from 

North-West India is less clear as well as population dynamics of the Indus Valley region is 

poorly understood. Here we report new genome-wide genotype data for 45 modern individuals 

from four Northwest Indian populations including Ror whose long-term occupation of the region 

can be traced back to the early Vedic scriptures. Our results suggest that while the genetic 

architecture of majority of Northwest Indian populations fits well within the broader North-

South Indian genetic cline, culturally distinct groups such as Ror and Jat stand out by being 

genetically more similar to populations living west of India. We argue that this pattern is a result 

of genetic continuity since the Late Neolithic/Early Bronze Age migrations from the Steppe Belt 

rather than being explained by recent admixture. Collectively our results show that the Indus 

Valley populations are characterized by considerable genetic heterogeneity that has persisted 

over thousands of years. 
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Polygenetic risk score (PRS) is a combined measure representing an individual’s susceptibility 

for a certain trait or disease based on a number of single nucleotide polymorphisms (SNPs) and 

their weights. Applying PRS in the prediction of various complex traits and diseases is becoming 

more common practice, but it should be the case only if the test individual comes from the same 

ancestry background for which association information is available (most typically “West-

Eurasian” or “Europeans”). This poses serious limitations to the applicability of PRS to 

populations from understudied ancestries or from heavily admixed populations.  

As an example, Ethiopian genome is a mixture of West-Eurasian (well-studied from an 

association perspective) and African (understudied) ancestries, resulting in population 

heterogeneity. As direct calculations of PRS on Ethiopians using European weights would result 

in biased scores, we would like to compare these whole-genome estimates with partial-PRS 

computed on the West-Eurasian component of Ethiopian genomes. 

We define the partial-PRS as a score that is based on a subset of the available weights, 

ascertained according to the local ancestry assignation of the test individual. To this extent we 

will use publicly available European weights for a list of metabolic traits to calculate three types 

of PRS for each of the 220 Ethiopian and Egyptian genomes already available (Pagani et al., 

2015): a) wgPRS (the ordinary PRS), calculated on the full genome; b) afPRS, calculated on the 

African segments of each genome, obtained through local ancestry deconvolution; c) nafPRS, 

calculated on the West Eurasian segments of each genome.  

The distributions of the three sets of PRSs calculated for each trait will be compared with the 

same whole and partial-PRS scores calculated for 100 Europeans and 100 Africans from the 

1000 Genomes Project (The 1000 Genomes Project Consortium 2015), taken as reference 

populations. For each trait, comparisons between the reference African and European population 

PRSs distributions and the distributions of the wgPRS, afPRS and nafPRS could inform us on 

whether the proposed approach will be useful for the applicability of European-based SNP 

weights to admixed populations.  
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Ribosome heterogeneity, defined as ribosome subpopulations with distinctive composition in 

same organism, is one of the proposed means to modulate and fine tune protein synthesis in 

response to environmental signals in all organisms (Sauert, M., et al., 2015). Ribosomal core 

protein composition can change via protein exchange mechanism, both in vitro and in vivo; 

however, there are inconsistencies between different studies (Robertson et al., 1977; 

Subramanian and van Duin, 1977; Pulk A. et al. 2010). Previously, it was shown that adding 

purified ribosomal proteins to chemically inactivated ribosomes can restore their activity in vitro 

thus showing a functional effect for protein exchange (Pulk A. et al. 2010). One of the most 

prominent factor that defines both the limits and possibilities of protein exchange in ribosomes, 

is ribosomal protein turnover; however, limited data exists about ribosomal protein turnover 

under different conditions (Chen, S. et al. 2012). In our previous work, we showed that 

ribosomal protein bL31A and bL36A are exchanged with their respective paralogue bL31B and 

bL36B, when cell culture moves from exponential growth phase to stationary growth phase 

(Lilleorg, S. et al. 2018). This is in correlation with our preliminary experiments, in which we 

showed that proteins bL31A and bL36A disappear from cell proteome, when cells transition 

from exponential to stationary growth phase. 

In this work, we aim to answer two questions: 

1. What are turnover rates for individual ribosomal proteins in stationary growth phase? 

2. Do cells contain any free r-proteins (not bound with ribosomes) in stationary growth 

phase? 

In order to achieve this, we use SILAC (Stable Isotope Labeling with Amino acids in a cell 

Culture) based quantitative mass spectrometry (q-MS). First, we grow Escherichia coli’s cells to 

exponential growth phase in presence of labeled amino acids; next, we apply a chase by adding 

non-labeled amino acids to the culture. The culture is then grown to stationary growth phase 

were samples are collected. By using SILAC approach, we can differentiate two different types 

of protein abundances in samples: first, the proteins synthesized before chase and second, the 

proteins synthesized after the chase. Finally, by comparing the cell proteome with ribosomal 

proteome, we can quantify changes over time and calculate turnover rates for individual r-

proteins. 
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Introduction: Placenta has a principal role in affecting fetal and maternal physiology. Since 

pregnancy complications coincide with changes in placental transcriptome, knowledge of normal 

placental gene expression dynamics across gestation is crucial to understand alterations in the 

placental transcriptome that may lead to pregnancy complications. The aim of the study is to 

describe a profile of placental temporal gene expression dynamics over the course of human 

pregnancy. 

 

Materials and Methods: Analyzed placental samples covered the entire human gestational period: 

1st trimester (7-10 gestational weeks; n=8), 2nd trimester (17-21 g.w.; n=8) and term (37-41 

g.w.; n=8). RNA-Seq protocol and basic bioinformatics have been reported by Sõber et al. 

(2015) and Reiman et al. (2017). The current study focused on grouping placental genes based 

on their highly correlated expression dynamics across pregnancy trimesters. Enrichment analysis 

for functional pathways was conducted for each gene-group using g:Profiler 

(https://biit.cs.ut.ee/gprofiler/). 

 

Results: Among 14,920 genes expressed in the placenta, roughly a quarter exhibited a clear 

temporal expression pattern over the course of pregnancy. Enrichment analysis showed that 

genes overexpressed in the first trimester are involved in cell cycle and transcription regulation; 

whereas mid-gestation specific genes are associated with fetal development, cell communication 

and differentiation of tissues. 

 

Conclusions: We show that a large proportion of genes expressed in the human placenta follow a 

tightly correlated temporal expression profile. We hypothesize that disturbances of this 

‘gestational clock’ may lead to placental and fetal developmental abnormalities and pregnancy 

complications. 
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This project deals with the studies of temporal population dynamics in the territory of present-

day Estonia in the eastern coast of the Baltic Sea. We characterize the genetic structure of the 

population in a time series starting from the earliest layers of lithic cultures to the contemporary 

population. We extracted and sequenced aDNA from skeletal remains from Estonian 

archaeological collections. The sample consisted of 44 individuals – 23 from the Bronze Age 

(stone-cist graves), 14 from the Iron Age (tarand-graves) and 7 from the Middle Ages (rural 

cemeteries). We used teeth for aDNA extraction and produced low-coverage (average 0.17x, 

maximum 0.73x) Illumina whole-genome sequencing data. We determined the mtDNA and Y 

chromosome haplogroups (hg) of the individuals and compared the autosomal data of all time 

layers to that of both ancient and modern populations including Mesolithic and Neolithic 

samples from Estonia. 

 

Hgs N3 and R1a are the two most common Y chromosome hgs among modern Estonians 

(Underhill et al., 2015; Ilumäe et al., 2016). While we have previously found that hg R1a 

appears in Estonia together with farming with Corded Ware culture people (Saag et al., 2017), 

the arrival of hg N, which has been proposed to be connected with the arrival of Uralic languages 

to Europe, is yet to be studied. We found that the Iron Age individuals do in fact carry Y 

chromosomal hg N3 (3 out of 5) while all 18 Bronze Age males belong to R1a. Furthermore, 

based on their autosomal data, all of the studied individuals appear closer to Estonian hunter-

gatherers and modern Estonians than Estonian Neolithic Corded Ware individuals do. Our most 

recent analyses also show genetic input from Siberia in the autosomal data of Iron Age 

individuals which is not visible in Bronze Age samples. 

 

Our results reveal several population shifts during the prehistory of the region and show no clear 

shifts in the genetic makeup of the population starting from the Iron Age. 
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Over the last decade, thousands of DNA sequence variants have been associated with different 

human psychological and disease predispositions. Over the last 10 years, thousands of DNA 

sequence variants have been associated with different human psychological traits and disease 

predispositions. Gene discovery has further been empowered by a technique called genetic 

imputation, which uses a small reference panel of genetically well characterized individuals to 

infer similar data for many others for whom partial genetic data is available (such as genotyping 

arrays). Although genetic imputation works well with frequent alleles (minor allele 

frequency >1%), its predictive accuracy drops for rarer variants. However, rare variants can also 

play a role for eventual development for a disease. Exceptions to such limitations of genetic 

imputation are endogamous populations like Estonia. Furthermore, haplotype phasing of genetic 

variants is important for clinical interpretation of the genome.  

 

The goal of this study was to find carriers for rare clinically actionable genetic variants in the 

Estonian population using different imputation methods and long range haplotyping. 

Additionally, we wanted to find out the best approach for finding the carriers. The cohort of this 

study includes whole genome sequence data on 2,420 and genotyping-array data of 33,000 

Biobank participants. In this study, we focus on 20 clinically actionable genetic variants with an 

allele count between 1 and 7 in whole genome sequenced Estonian reference panel. 

 

Whole genome sequence analysis identified a total of 34 rare genetic variant allele carriers. We 

identified additional 187 carriers for clinically actionable genetic mutations with genetic 

imputation and long range haplotyping, of which 4 were uniquely found only by long-range 

haplotyping approach.  
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S. cerevisiae is a prominent model organism for mitochondrial DNA (mtDNA) research, since it 

can also function without the mtDNA or only with fragments of it in fermentative medium. 

Although the mtDNA was discovered for more than 50 years ago, the mechanism of S. cerevisiae 

mtDNA replication and maintenance remains poorly characterized. S. cerevisiae mtDNA stability 

and its topology depends greatly on different proteins, many of them probably directly involved 

in the replication process (Westermann, 2013). One such group of proteins are helicases, that can 

be recognized by specific helicase motifs, which play a crucial role by their function and 

structure.  

Previously it has been shown in our laboratory, that mitochondrial DNA helicase Hmi1 possesses 

unusual C-terminal mitochondrial signaling sequence. Hmi1 helicase is essential for mtDNA 

mediated respiration and seems to be involved in duplex DNA unwinding through loading to 

molecules containing 3’ ssDNA overhangs (Kuusk et al., 2005; Sedman et al., 2000). Deletion of 

Hmi1 from the rho
-
 strains (contain only a fragment of mtDNA) genome leads to a topology 

changes in mtDNA and to shortening of DNA concatemers (Sedman et al., 2005). 

Usually the conserved amino acids in motifs are used to bind DNA or hydrolyze ATP. I have 

modeled the Hmi1 structure, based on its nearest homolog, bacterial helicase UvrD. Next, 

mutants of conserved elements were created. In vivo experiments, where the mutants were 

introduced through plasmid shuffling or incorporated to the genome, show dramatic effects the 

single or double mutations in motifs III and V, which are considered as ssDNA binding motifs in 

Hmi1. These mutants lead to phenotypical respiratory changes or even loss in yeast. 

Intriguingly, we were unable to purify Hmi1 mutants which are predicted to affect the ATPase 

activity or DNA binding. It therefore remains unclear whether in vivo inactivity of mutant Hmi1 

proteins is caused by specific functional defect, associated with particular amino acid residue or 

results from general structural changes of the mutant protein. We conclude that conserved amino 

acids changes in specific motifs in Hmi1 affect mitochondrial DNA stability, but how this is 

achieved remains to be studied. 
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Problem: clustering algorithms are widely used in studies that aim to empirically derive dietary 

patterns from Food Frequency Questionnaire (FFQ) data in order to investigate relationships 

between dietary patterns and other variables. One of the most popular algorithms for this task is 

the k-means clustering, which requires a pre-defined number of clusters indicated by k. There are 

a number of different methods for choosing k, but none of them seemed to work properly on the 

FFQ data of the Estonian Biobank (EB) cohort and this problem is possibly not unique for this 

dataset. In order to reduce subjectivity that comes from choosing k solely based on the 

interpretability of clusters, we aim to derive a more meaningful rule to rely on. 

 

Possible solution: We assume that a clustering algorithm provides meaningful dietary clusters, if 

the resulting factor variable has an effect on important health indicators. Therefore, we propose 

to determine k by assessing how much the prediction of the ultimate health risk, mortality, 

improves by increasing the number of clusters from k to k+1. Thus, we choose the number of 

clusters based on the likelihood ratio test (LRT) of the clustering variable in the Cox regression 

model predicting mortality. This should be accompanied with simulation study on the stability of 

the clustering solution, to test whether clustering the same individuals with different random 

seeds results in a stable clustering solution. 

 

Application: we analyze the data of 17 items from the FFQ of 49 276 adults in the EB cohort. All 

these 17 items are measured on a 4-point scale indicating consumption frequency per week, or 

coded relevantly. For all-cause mortality analysis, the data on 3155 deaths during an average of 

8.1 years of follow-up is used. We show that the LRT statistic corresponding to the clustering 

variable increases notably from k=5 to k=8, whereas using 9 or 10 clusters does not provide 

much extra information compared to 8 clusters. Next we show that k=8 is a stable solution: on 

average 0.72% (min=0.01%, max=3.67%) of individuals change clusters between two clustering 

solutions, which we consider well satisfying. We also show that the resulting 8 clusters are 

meaningful in the context of phenotypic variables, health risks and metabolic profiles. 
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Viruses pose a considerable threat not only to human health, but to most of the organisms 

worldwide. As new viruses are constantly emerging, it is of paramount importance to identify 

them quickly and efficiently. PCR-based tests work for checking if a specific virus exists in the 

sample but will not be adequate when there is a need to identify all of the viral sequences. 

Moreover, if the sample contains novel or highly divergent viruses, the PCR primers might not 

bind and the test will give a false negative result. 

A possible solution is to use high-throughput next generation sequencing which describes the 

DNA composition of the whole sample. This also produces large amounts of data creating a need 

for faster algorithms. Viral genomes are usually small and lack a universal discriminatory marker 

(like 16S RNA for bacteria) so other markers have to be used. Each genome could be seen as a 

set of overlapping fixed-length oligomers called k-mers, some shared between sequences, others 

specific to one or a group. Finding these different k-mers in a sample gives a clue which 

sequences were present. The advantage of this approach is speed because counting k-mers is 

computationally much faster than aligning or assembling. A machine learning-based program 

using k-mers called VirFinder (Sun et al.) successfully identifies sequences as viral, but it 

requires prior assembly and further analysis to determine the specific virus. Therefore, alignment 

and assembly free analysis considering divergent nature of viruses is not widely explored. 

We present StrainSeeker2, a tool to identify viral and bacterial sequences from unassembled raw 

next generation sequencing data. At its core, StrainSeeker2 builds upon our previous work – 

bacterial identification tool StrainSeeker (Roosaare et al.), from which hierarchical clustering of 

k-mers and novel sequence divergence is used. While the database structure remains the same we 

have completely reworked the identification process which now allows identification on a single 

read level. 
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Ribosome is a large two part RNA-based enzyme that translates genetic code in all organisms. 

During canonical i.e. cap-dependent translation initiation in eukaryotes, ribosome small subunit 

(40S), alongside with initiation factor complexes, is recruited to mRNA through its 5’ end cap 

structure. The formed complex then moves towards 3’ end of mRNA until it reaches AUG start 

codon which results in large subunit (60S) recruitment. To overcome the complexity of cap-

dependent translation, certain viruses and cellular mRNA’s use specialized RNA element, 

termed internal ribosome entry site (IRES). IRES’s have been classified into four types that are 

related to the complexity of their initiation mechanism. The simplest IRES family type IV is 

exemplified by cricket paralysis virus (CrPV) IGR (intergenic region) IRES which directly 

recruits ribosome without the use of host initiation factors nor initiator-tRNA.  

All main steps of protein synthesis, weather initiated by cap-dependent or cap-independent 

process, rely on conformational changes of the ribosome. Correct joining and rotation of 

eukaryotic ribosomal subunits is regulated by universal and eukaryote-specific intersubunit 

bridges. S. cerevisiae ribosome contains 5 eukaryote-specific bridges. The present research aims 

to determine the role of two eukaryote specific intersubunit bridges – eB12 and eB14 – in cap-

independent translation initiation. The bridge eB12, formed by the long α-helix of ribosomal 

protein eL19, was shown to be giving structural support for ribosomal subunit joining (Kisly 

et.al., 2016). The bridge eB14 is formed by the short eL41 protein and locates close to the 

decoding center. 

The research is going to be divided into several steps. The capability of ribosomes lacking eB12 

or/and eB14 bridges to initiate cap-independent translation will be analyzed in vivo as well as in 

vitro. The dicistronic CrPV IGR IRES reporter systems, where Renilla luciferase is under cap-

dependent and Firefly luciferase under CrPV IGR IRES translation initiation control, will be 

used in both systems. Preliminary data for in vivo experiment shows that absence of bridge eB12 

or bridges eB12 and eB14 in ribosomes enhances CrPV IGR IRES translation initiation by 10 

and 20 fold, respectively, in comparison with wild type ribosomes. The efficiency of mutated 

ribosomes to initiate translation in vitro will be assessed using cell-free translation system 

utilizing cell extracts from mutant or wild type strains. The ability of mutant 60S subunits to 

form 80S particles will be analyzed in vitro. It has been shown that ribosomal subunits incapable 

of forming eB12 bridge lack the ability to re-associate in vitro (Kisly et.al., 2016). The re-

association activity of 60S subunits unable to form the bridge eB12 or bridges eB12 and eB14 in 

the presence of CrPV IGR IRES mRNA will be analyzed.  
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Genetic variation in contemporary South Asian populations follows a northwest to southeast 

decreasing cline of shared West Eurasian ancestry. A growing body of ancient DNA evidence is 

being used to build increasingly more realistic models of demographic changes in the last few 

thousand years. Through high quality modern genomes, these models can be tested for gene and 

genome level deviations. Using local ancestry deconvolution and masking, we reconstructed 

population-specific surrogates of the two main ancestral components for more than 500 samples 

from 25 South Asian populations, and showed our approach to be robust via coalescent 

simulations. 

 

Our f3 and f4 statistics based estimates reveal that the reconstructed haplotypes to be good 

proxies for the source populations that admixed in the area and point to complex inter-population 

relationships within the West Eurasian component, compatible with multiple waves of arrival, as 

opposed to a simple one wave scenario. Our approach also provides reliable local haplotypes for 

future downstream analyses. As one such example, the local ancestry deconvolution in South 

Asians reveals opposite selective pressures on two pigmentation genes (SLC45A2 and 

SLC24A5) that are common or fixed in West Eurasians, suggesting post-admixture purifying and 

positive selection signals, respectively. 
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