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BIOJIOT'TYHA CEKIIA -

“THE IMPORTANCE OF G. GAMOW?’S IDEAS FOR BIOLOGY_
OF THE 21" CENTURY” XXIII MIZKHAPOJHOI TAMOBCBKOI
KOH®EPEHIII, IO BIIBYBAJIACA Y CEPIIHI 2023 p.

B OJECBKOMY HAIIOHAJIBHOMY YHIBEPCHUTETI
IMEHI L.I. MEYHUKOBA

bionoriuna cekis mopiyaoi ['amoBchkoi KoH(pepeHtii mpoxoauna 23 ceprHs
2023 poky B pexxumi on-line Ha tutatgopmi Zoom. B poboTi cekii Opanu ydacts
44 yyacuuku 3 Ykpaiau, Himeuunnu, Benmuko6puranii, Llseiinapii, [Tomsmmi, CLIA,
Kananu, Aprentunu i Kazaxcrany. Pobora cexuii noaissiiacst Ha MOIyIi — 3 MoJIe-
KYJSIPHOI TEHETHKH POCIIWH, MOJEKYJISPHOI T€HETHKH MiKpOOpraHi3MiB — MpOAdy-
LIEHTIB aHTUOI10THKIB, MOJICKYJISPHO-TEHETUYHHX JIOCII/KECHb JIFOJIMHU, 10 TPOBO-
JSIThCS AJIs1 BUPILICHHS MUTaHb T€HHOI A1arHOCTHKM 1 Tepamii JrogunHu. Takox Ha
KOH(EepeHIIi1 00TOBOPIOBAIN OKpEeMi TUTAHHS 1CTOPil PO3BUTKY MOJICKYJISIPHUX JT0-
CJTJKEHD BIpPYCIB.

Cepen 1010BIa49iB CBOT IOCIIIJHKEHHS [TPECTABIISIN POBIIHI HAYKOBIII [HCTH-
TYTY T€HETHKH POCIIHH 1 JOCHTIPKEHb CIIbCHKOTOCIOAAPCHKUX POCIHUH iMeHi JIeio-
wina (IPK) B M. arepcneben (Himeuumna). KepiBnuk Bignminy PenpomyxruBHOI
Gioxnorii pociun IPK mpodecop M. Kymaers Buctynus 3 gonosimmo — «Cas eno-
HYKJIea3Ha TEXHOJIOTiS y 36pHOBUX: BiJl CAalT-CIIPSIMOBAHOTO MyTareHe3y 10 OiIbII
MPEU3IHHOTO pelaryBaHHsI TEHOMY», B sIKil MPOJEMOHCTPYBAB TaKi JOCATHEHH:I
BiJIIJTY, SIK CTBOPEHHS IIECTHUPSTHOTO STYMEHIO 3 JIBOPSIIHOTO, OTPUMAaHHS TIEBHUX
COPTIB TOJI03€PHOTO siuMeHI0. [IpencTaBieni pe3ynbTaTi BpaKaloTh He TUIBKU TOMY,
10 BOHM 3’sSBUIIMCS Maibke ozpasy micist oronomeHHs HobeniBebkoi mpemii y 2020
pori 3a BigkputTs MexaHisMy CRISPR / Cas penaryBaHHs TeHOMIB, ajie i Ipern3ii-
HOIO TOYHICTIO BUKOHAHOTO peJlaryBaHHs, KOJIA 3aMiHa (PaKTHIHO OJHOTO HYKJICOTH-
Jly TIpU3BeJIa JIO MOSIBU TIEBHUX O2)KAHWX 03HAK Y POCIIHH.

[Ipo ckmagHOII 3 BU3BHAYEHHSAM IeHa KOPOTKOCTEOIOBOCTI MineHwuili Rt 8 pos-
noBiB npod. C. I'pipdirc (Llenrp xona Inneca, m. Hopeiu, Benuka bpuranis)
B nonosimi «lonanka RAt 8».

LixaBi gomosini mpeacraBuinu HaykoBili 3 [PK: mpodecop M. Harens — «3minn
MeTa0oIiTiB B HaciHHI miciis 40 poKiB JOBFOTPUBAIOTO 30€piraHHs B XOJIOI IIIICHH-
1i Ta stameHto» 1 1p. M. IllipenOek — «[eHeTHYHA TUCEKIlisl CTIHKOCTI MAPOCTKIB J10
MOCYXOBOTO CTPECY Y MaHes i COPTiB 03UMOI MIIeHHi». POA3UHKOI0 BUKOHAHUX JIP.
M. IllipenGexoM 3i criBaBTOpaMu AOCIHIKEHb, HA HALI MOMIsA, OYyIIo Te, 110 MOpsiA
3 COpTaMu MIICHMLI 3 HU3KU €BpONEHChKUX KpaiH Ta kpain [liBaeHHOi AMepHuku
BHUBYAIINCS 1 YKPaiHCHKI COPTH MIIEHHUII, IeAKi 3 KOTPUX MPOSBHIIN ce0e AK MOCy-
xocriiki. B momoimi ap. I. Yeborap (IPK) «Sk 3maiite ren-xkanaumat — GWAS —
3 0COOJIMBMM HAaroJIoCOM Ha 30€pEe)KEHHI )KUTTE3MATHOCTI SUYMECHIO», HAOUHO OYII0
MPOIEMOHCTPOBAHO aNTOPUTM i MOKIMBOCTI GWAS 11151 momyky MapKepHUX TO-
CJIiTOBHOCTEH TeHIB KaHJAMU/ATIB, 10 BIUTMBAIOTh HA KUTTE3IATHICTD HACIHHS sTUMe-
HIO TIPH JOBTOTPHUBAJIOMY 30epiraHHi.
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AcmipanTtka kadeapu MoJeKyIIpHoi Oiomnorii, 6ioximii Ta renetukun OHY ime-
Hi [.I. MeunukoBa (M. Oneca) 1O. [TomoBudy npeacTaBuiia pe3ysbTaTy moj0 eeK-
TUBHOCTI 3aCTOCYBaHHS CaMOCTIHHO PO3pOOJCHUX MpaiMepiB IS BH3HAUYCHHS
aJIeJIbHOTO CTaHy 0araToKOMiHHKUX TeHIB MTiaJMHIB B COpPTax IMIICHUII, a mpodecop
C. Oxons 3 IIpuponuugoro yHiBepcurery (M. JIroo6min, [lonbima) po3mosiia mpo BU-
3HAYEHHS U JIOKATi3aIlif0 HOBUX T'€HIB CTIMKOCTI 10 OOPOITHUCTOI pOCH Y BiBCca —
«ImenTH(diKaIlis Ta XpOMOCOMHA JIOKAJTi3aIlisl TeHIB CTIHKOCTI 10 OOPOITHUCTOI pOCH
Pmll ta Pmi2y BiBca (Avena sativa L.)».

[MuTanHs MONEKyIAPHOI OpraHi3allii i eBONOII HyKIEOTHTHUX MOCIiOBHOCTEH
reniB 5S PHK y mexax tpubu Limonieae (Plumbaginaceae) po3risiHyB B AOTIOBiAi
«58S pubocomna JIHK y tpubi Limonieae (Plumbaginaceae): MmonexynspHa opraHi-
3allis, MoJIiiMop(di3M Ta TAKCOHOMIYHE 3aCTOCYBaHHs» JoLEHT, K.0.H. 0. O. Tunke-
BUY, SIKUH IPOJIEMOHCTPYBAB PE3yJbTATH JI0CIiIKeHb, BUKOHAHUX B UepHiBeIbKOMY
HalioHalbHOMY yHiBepcuteTi iMeHi FOpis deaproBrua Ha Kadeapi MOJIEKyIIpHOT
TCHETHKH Ta 010TEXHOJIOT11.

Ham3BuvaitHo BeNMHKY 3aIliKaBICHICTh BHKJIMKANIA JOMOBINb «J/{nHaMika TeHOMY
POCIHH Ta emireHoMy B KOHTEKCTI 3MiHH KiriMaTy» rpodecopa E. byuepa, kepiBHuKa
TpYIH 3 TOCIIHKEHHS TUHAMIKH TeHOMY 3J1aKiB kopriopailii Agroscope, IlIBeitmapis.

VY HactynHOMy iH(pOpMaLifHOMY MOAYJ Ha 3acifaHHI CeKUii BUCTYNWIN MO-
noxi HaykoBli JIbBIBCHKOTO HAIiOHAJILHOTO yHiBepcHTeTy iMeHi IBana ®panka —
k.0.H. O. IOmyk 3 monoBiaar «'eHu CTIHKOCTI 0 MIIKONENTHTHUX aHTUOIOTUKIB:
OHOBIICHA TOYKa 30py» i acmipantka [. Kauop — «[eHOMHa XapakTepuCcTHKa IITa-
My akTHHOMINEeTiB Mumia sp. Pv 4-285, Buninenoro 3 pusochepu Phyllostachys
viridiglaucescens». Moioni TOCTITHAKA TPOAEMOHCTPYBAIN TPAAUIIIITHO BUCOKUHN
PiBEHb MOJIEKYJISIPHO-010JIOTIYHUX TOCTiIKeHb aKTHHOMIIIETIB, 110 BUBYAIOTHCS HA
kadenpi reHeTuku Ta OioTexHoyorii JIHY.

[MuTaHHs 3 MONEKYJISAPHOI TEHETWKH JIOAWHHA DPO3IVISAAINCS B IBOX JOIIO-
BimsX. Y momoBini, mpenctasineHiit J[. Cipoxoro «OmiroreHHW# BIUTUB MyTaIliit
KIAA1210 Ta CFAP47 Ha po3BuTok ocobnmBocteit DSD y mamienTa 3 myTariiero
C.34G>C GATA4» 3rigHo m0CHiIKeHb, BUKOHAHUX i1 KEPIBHULITBOM IIpodecopa
JI. JliBIuIIb, SIKa OYOIIIOE JTAOOPATOPil0 TEHOMIKHU JIFOAMHU B [HCTUTYTI MOJIEKYISp-
Hoi Oiornorii 1 renetukn HAH Vkpainu (M. KuiB) i B momosizai ap. FO. Monvaka —
«Momnexkynsipamii JITHK-Tpekinr TpaHcminanTtamii cTOBOypOBHX KIITHH ITyHOBHHH
3 MYJIBTHJOHOPCHKHX ITYJIIB: KOIH OJHOTO JIOHOPA 3aMajio» CTOCOBHO PE3YJbTaTiB
JIOCITIDKEHB, IO BUKOHAHI y BiAMUII eKCIIepUMEHTAIbHOI MEeTUuInHn B Makl iyt
yHiBepcuTeTi, (M. Monpeans, Kanana). O0uaBi 10moOBii MPOAEMOHCTPYBAId BH-
3HaYaJIbHY BOXKIIUBICTh JTOCIIPKEHHS! HYKJICOTHIHUX MOCIIJOBHOCTEH MEBHUX MO-
JIEKYISIPHUX JIOKYCiB.

Ha 3aBepmienHs poOotu 0i070TIUHOI CEKIl MpoiyHaa JOMOBiAs mpodecopa
k. Cerpe 3 [leHCimbBaHCHKOTO YHIBEPCUTETY, SIKil Bke BApyre Oepe y4acts B [a-
MOBCBKil KoH(epeHwii i € aBropoM OiorpadiqyHoi KHUTH «3BHYAlHI TeHil: sK aBa
JMBAKH MIPOKJIATH HIISIXU CydacHOT HayKu», mpucesyeHoi [eoprito 'amoBy 1 Maxkcy
Henboproky. Llporo poky mpodecop [Jx. Cerpe B gonosini «pyr Ixopmka 'amosa
Makxkc Jlens0piok, 3aCHOBHHMK Cy4acHUX JOCTIKEHb BipyCiB» MPUIUINB BU3HAYHY
yBary npyry ['eopris 'amoBa, maypeary HoGeneBcbkoi mpemii Makcy Jlenp0proky.
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CAS ENDONUCLEASE TECHNOLOGY IN CEREALS:
FROM SITE-DIRECTED MUTAGENESIS TOWARDS MORE
PRECISE GENOME EDITING

The establishment of Cas endonucleases as genome editing tools has expanded the
possibilities of plant biotechnology in ways previously thought scarcely possible. We
demonstrated the power of this technology by generating gene-specific mutants with
agriculturally relevant traits. Two-rowed barley was converted into the 6-rowed type
via knockout of s/, and hulled barley was modified to form naked, edible grains
through mutagenesis of Nudi[1]. Genome editing also facilitates the advancement
of other plant breeding technologies. By knockout of Plal, haploidy-inducing
barley lines were developed that, when used as pollinators, lead to the generation
of homozygous maternal recombinants. Utilizing such doubled haploid lines has
proven to be extremely effective in crop improvement. Further, we used cas9- and
(wheat-specific) guide RNA-transgenic maize lines to pollinate wheat. Relying on
uniparental genome elimination, this leads to the immediate generation of cas9 and
guide RNA transgene-free wheat lines that carry newly induced genome edits in
the homozygous state [2]. A key challenge of further technological advancement
is to develop precise genome editing methods at an applicable level. For instance,
base-editing Cas9 derivatives were used to precisely mimic specific, still functional
barley e/F4FE alleles that confer resistance to bymoviruses. In another approach, a
heavy metal transporter that had experienced a spontaneous knockout in the context
of wheat domestication was functionally restored by employing microhomology-
mediated DNA repair. The precise deletion of a mutative 17-bp duplication performed
for this purpose is expected to result in a significant reduction of the accumulation of
cadmium in the wheat grains.
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THE RHT8 SEESAW

RAt8 is a semi dwarfing gene that provides an alternative to the gibberellic acid
insensitive RAtl alleles of the Green Revolution. RAt8 was introduced into Italian
wheat in the early twentieth century. We present evidence that RAz8 confers a specific
yield benefit under Mediterranean conditions in stark contrast to a negative effect
in the UK. Fine mapping of RAt8 carried by the variety Mara has allowed us to
reduce the genetic interval to two genes within an 8kb interval. The two genes occur
together in the Triticeae and are very tightly co-regulated. When the expression of
one increases the other goes down, like a seesaw! We speculate that the RAt8 height
reduction effects results from the disturbance of this coregulation. Gene editing has
now been used to delete each gene and we await functional validation of the effect
on height.
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CHANGES OF SEED METABOLITE AFTER 40 YEARS
OF LONG TERM COLD STORAGE IN WHEAT AND BARLEY

Seed deterioration is of great importance for agriculture, food security and the
conservation of plant genetic resources. Here we study spring barley (Hordeum
vulgare L.), the fourth most important cereal. Its high seed quality is crucial for the
brewing industry and genebanks, where more than 460 thousand accessions are stored.
For the analysis of seed deterioration, 184 unique, long-term cold-stored accessions
were selected according to a broad distribution of germinations in the Gatersleben
genebank and genotyped. Seeds from the so-called EcoSeed panel were analysed for
seed viability traits, nitric oxide content and metabolites. Overall, barley seeds of 184
genotypes germinated in a range between 0 and 99% total germination percentage
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after 40 years of cold storage. Thereby, the germination percentage was independent
of the nitric oxide concentration, but negatively correlated with the accumulation of
4-amino-butanoic acid, gluconic acid, glycerol, adenine, proline and ribonic acid.
Based on 5,844 SNP markers, a genome-wide association mapping analysis revealed
43 marker-trait associations (MTAs) for seed viability traits on six chromosomes, of
which 30 MTAs co-localised with proline and 14 MTAs with valine, suggesting a
genetic relationship between seed viability traits and metabolites. Overall, the results
provide new insights into the mechanisms of seed deterioration after long-term dry
and cold storage.
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GENETIC DISSECTION FOR SEEDLING DROUGHT STRESS
TOLERANCE IN A WINTER WHEAT PANEL

Drought is a major constraint in wheat (7riticum aestivum L.) production
worldwide. The present work aimed to identify quantitative trait nucleotides
(QTNs)/ candidate genes influencing drought tolerance-related traits at the seedling
stage in 261 accessions of a diverse winter wheat panel (including 11 Ukrainian
genotypes). Seeds from three consecutive years were exposed to polyethylene glycol
12% (PEG-6000) and a control treatment (distilled water) and grown in chamber
conditions. The Farm-CPU method was used for the association analysis with
17,093 polymorphic SNPs. Data analysis revealed extensive phenotypic variation
in all studied traits suggesting the suitability of the used panel for association
genetic studies. All variables analyzed were significantly influenced by the years,
genotypes and G x Y (environment) interactions (p<0.001). PEG treatment reduced
shoot length (SL) (-36.3%) and root length (RL) (—11.3%) compared with control
treatments, while the coleoptile length (CL) was increased by 11% under drought
conditions, suggesting that it might be considered as an indicator of stress-tolerance.
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Interestingly, three Ukrainian genotypes (Odesska 267, Podoljanka and Polisska
90) showed tolerance for seedling drought stress. Furthermore, we revealed 70
stable QTN across 17 chromosomes. Eight QTNs related to more than one trait were
detected on chromosomes 1B, 2A (2), 2B, 2D, 4B, 7A, and 7B and located nearby or
inside candidate genes within the linkage disequilibrium (LD) interval. For instance,
the QTN on chromosome 2D is located inside the gene TraesCS2D02G133900 that
controls the variation of CL_S and SL_C. The allelic variation at the candidate genes
showed significant influence on the associated traits, demonstrating their role in
controlling the natural variation of multi-traits of drought stress tolerance. The gene
expression of these candidate genes under different stress conditions validates their
biological role in stress tolerance. Our findings offer insight into understanding the
genetic factors and diverse mechanisms in response to water shortage conditions that
are important for wheat improvement and adaptation at early developmental stages.
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HOW TO FIND CANDIDATE GENE - GWAS - WITH SPECIAL
EMPHASIS ON BARLEY LONGEVITY

The identification of candidate genes involved in genetic traits of specific interest
is crucial in various fields. Genome wide association study — GWAS — “calculate”
associations between each marker and a phenotype of interest in the diverse
collection of 100-500 distantly related and heterogeneous individuals. Single
seed descendants, should be grown and isolated for several growing seasons, with
balanced genetic diversity and allele frequency at > 5%. This material should be
genotyped, for example with SNP chip or with the help of other technologies such as
genotype by sequencing etc. and phenotyped. In the last decades, modern methods
of high-throughput phenotyping developed extremely fast. After genotyping, the
population structure should be defined and LD (Linkage disequilibrium) evaluated.
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At the next step investigator chooses the software, packages and models for
marker trait association (MTA) analysis. For example, genome association and
prediction integrated tool (GAPIT) that run in the R software environment is free
and available for public (https://zzlab.net/GAPIT/) and include several models.
Genetic positions of significant MTAs can be identified using genome browsers
developed for the crop of interest, e.g. for barley — Barlex (Colmsee et all., 2015).
According to genetic positions candidate genes can be identified at the genome
browser integrated in the GrainGenes database — database for Triticea and Avena
(https://wheat.pw.usda.gov/GG3/).

To identify the genetic factors that affect longevity of barley seeds stored under
ambient storage conditions at the Federal Ex-situ GeneBank for agricultural and
horticultural plants in Gatersleben, Germany. The ‘Ecoseed panel’ (Nagel et al.
(2019)) consisting of 184 spring barley accessions from 23 countries (116 two-
rowed, 68 six-rowed) was investigated. It was genotyped by the Illumina HD9K
chip and 4.343 markers were mapped on the chromosomes after removal of
monomorphic markers and applying minor allele frequency of >10%. Population
structure was analyzed with STRUCTURE2.3.4 software (Pritchard et al., 2000) and
an average LD decay was +1 ¢cM. Using GAPIT FarmCPU method (Liu et al., 2016)
85 significant (—log(p)>5) marker trait associations (MTAs) were detected. Genetic
positions of significant MTAs identified using genome browser Barlex (Colmsee
et all., 2015) and about 70 candidate genes were define based on the GrainGenes
database (Monat et al., 2019). Thus, GWAS allow to identify genes whose effect on
the trait was not known.
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PREFERENCE OF MOLECULAR MARKERS FOR
DETECTING ALLELIC VARIANTS OF GLIADINS

The main method of studying allelic variants of gliadins is electrophoresis in
acidic PAGE, which actually shows the phenotype determined by the set of genes of
the gliadin-encoding locus. This method is difficult to use, because peptides encoded
by all gliadin-encoding loci are present on one lane of the gel and may overlap.
Therefore, there is a need for molecular markers that would allow the determination
of allelic variants of gliadins using PCR. This will help to use gliadins for marker-
asissted selection, to identify allelic variants of gliadins even before obtaining grain
suitable for electrophoresis of storage proteins. In this regard, the aim of study was
to analyze polymorphism of G/i-1 loci using allele-specific molecular markers and
microsatellites and find suitable molecular markers for detecting allelic variants of
gliadins by PCR method.

The collection of bread wheat cultivars from different countries, which reflects
the maximum diversity of allelic variants of gliadins encoded by the G/i-BI locus
(provided by Dr. E. Metakovsky) and collection of the modern Ukrainian wheat
cultivars and lines from different breeding centers were analyzed using allele-
specific primers to loci Gli-41, Gli-BI and Gli-D1 developed by Zhang et al. (2003)
and Taglgap microsatellite marker described by Devos et al. (1995).

PCR with allele-specific primers to the G/i-B1 locus permit to differentiate wheat
genotypes with the Gli-B1.1 or Gli-B1.2 alleles, but we also revealed polymorphism
within G/i-BI.1 or Gli-B1.2 alleles caused by a microsatellite within the amplified
sequence that have been described Devos et al. (1995). Seven alleles were sequenced,
and the presence of microsatellite with a CAA cor-motif which vary in number of
repeats was confirmed. By using Taglgap microsatellite marker we revealed 12
alleles in the investigated wheat collections. The correspondence between "SNP
allele of the G/i-BI locus — allele of the Taglgap microsatellite — allelic variant of
gliadins" have been shown.

PCR analyze of the G/i-A 1 locus with two pairs of allele-specific primers developed
by Zhang et al. (2003) permit to revealed G/i-41.1 and Gli-A1.2 alleles which were of
the same length. Based on the results obtained for the Gli-A1 locus, correspondence
between the Gli-A1.1/Gli-A1.2 alleles and allelic variants of gliadins encoded by
the Gli-A1 locus was established. Bioinformatics analysis of the sequences coding
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Gamma gliadin-A1 gene help to develop a pair of primers MsA1 to microsatellite
in this locus. Eight different alleles that correspond to allelic variants of gliadins
encoded by the Gli-41 locus were identified by using MsA 1-primers.

Correspondence between alleles determined in PCR with allele-specific primers
to the G/i-D1 locus has not been established.

As a conclusion, we recommend to use 7aglgap primers for detecting allelic vari-
ants of gliadins encoded at G/i-B1 and new developed primers MsA1 for detecting
allelic variants of gliadins encoded at G/i-41 locus.
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IDENTIFICATION AND CHROMOSOMAL LOCALIZATION
OF PM11 AND PM12 POWDERY MILDEW RESISTANCE
GENES IN OAT (AVENA SATIVA L.)

Identification and introduction of effective resistance genes into cultivated crops
is a very important element of the integrated plant protection system. Powdery
mildew is one of the most dangerous diseases of oat. However, modern oat cultivars
are characterised by very low level of resistance against powdery mildew. Also
small number of effective genes may lead to the pathogen breaking their resistance.
Because of this fact we have made an attempt to identify new and effective sources
of resistance against powdery mildew in wild oat species A. sterilis. We identify
two A. sterilis genotypes which were resistant against powdery mildew pathotypes
collected in different geographical regions and in different years.

Crosses carried out with these genotypes and a susceptible oat cultivar have
shown that resistance segregates according to Mendel’s law and is conditioned by
single dominant genes. In addition, physiological tests of the host-pathogen type
showed that the infection profile of genotypes with new sources of resistance is
different than infection profiles of genotypes with described so far powdery mildew
resistant genes. Segregating populations of the F, generation were genotyped using
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the DArTseq method. Analysis of the obtained results allowed to locate new genes
on the genetic map of oats. The Pmi] gene was located on chromosome 13A, and
the Pm12 gene on chromosome 7C.

The conducted research allowed the identification of two new, effective genes of
resistance to powdery mildew in oats, which can be successfully used in breeding to
increase the resistance of cultivated forms.

This work was carried out in the framework of the Programme LEADER V project
number: LIDER V/21/p325/L-5/13/NCBR/2014 “ldentification of new and effective
resistance genes to fungal diseases in oats and development of DNA markers for
their identification”, supported by the National Research and Development Centre
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5S RIBOSOMAL DNA IN THE TRIBE LIMONIEAE
(PLUMBAGINACEAE): MOLECULAR ORGANIZATION,
POLYMORPHISM AND TAXONOMIC APPLICATION

Tandemly arranged repetitive regions (repeats) encoding 5S ribosomal RNA
(5S rDNA) are an essential element within eukaryotic genomes. Typically, the
5S rDNA repeats in a genome exhibit high similarity, owing to the concerted
evolution characteristic of this type of repeats. Each repeat of 5S rDNA comprises
an evolutionarily conserved coding sequence (CDS) and a variable intergenic
spacer (IGS). 5S rDNA is a popular model for studying the molecular evolution of
repetitive sequences, and the elevated mutation rate within the IGS makes it a useful
tool for phylogenetic analysis among closely related taxa. Still, information on the
molecular organization of 5S rDNA is lacking for many groups of angiosperms,
including the Plumbaginaceae family. Certain taxa from this family are endemic
to southern Ukraine and listed in the Red Book. However, their taxonomic status
remains controversial. Resolving this taxonomic uncertainty requires the application
of molecular phylogenetic methods. This study focuses on elucidating the molecular
organization of 5S rDNA within four genera of the tribe Limonieae, the largest in the
family Plumbaginaceae.

The 5S rDNA repeats for Ukrainian representatives of three Limonium species and
two Goniolimon species were amplified by PCR. Subsequently, the PCR products
underwent cloning using a plasmid vector and were sequenced by Sanger method.
Additionally, de novo assembly of 5S rDNA was performed for five Limonium
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species, two Armeria species, and one species each of Ceratolimon and Goniolimon
using [llumina short-read libraries.

The analysis revealed that the CDS of 5S rDNA in Limonium, Armeria, and
Ceratolimon genera exhibited single mutations that do not affect the folding the
secondary structure of 5S rRNA. In contrast, Goniolimon species’ genomes not only
contain functionally normal 5S rDNA repeats but also numerous pseudogenes. These
pseudogenes display non-concerted evolution and harbor multiple mutations in the
CDS, disrupting the secondary structure of 5S rRNA. The considerable phylogenetic
divergence observed between subgenera Pteroclados and Limonium within the
Limonium genus suggests that Pteroclados may warrant consideration as a distinct
genus. The accelerated molecular evolution of the 5S rDNA IGS region proved to
be a valuable tool for reconstructing phylogenetic relationships within the studied
genera of the Limonieae tribe and for barcoding Ukrainian endemics of the genus
Limonium.
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PLANT GENOME AND EPIGENOME DYNAMICS
IN THE CONTEXT OF CLIMATE CHANGE

Climate change represents one of the greatest challenges to agriculture in Europe
and worldwide. It is therefore of key importance to better understand how plants
respond to climate change related stresses at both the genetic and epigenetic levels.
DNA methylation is a key epigenetic mark, regulates important traits in crops.
Stresses can lead to DNA methylation changes in strawberry and some of these
changes can be transmitted during clonal propagation.

The role of stress-responsive transposable elements (TEs) as important drivers in
genome evolution will be disscused. We hypothesized that because numerous TEs
respond to stresses, they could be adaptive as they can create novel gene regulatory
pathways that respond to these stresses. To address this, we created Arabidopsis lines
that carry novel heat-stress responsive TE insertions and investigated how these lines
then respond to stress. The many different ways by which novel TE insertions can
impact gene expression and stress adaptation will be discussed.

Our research is aimed to investigate possibilities to mobilize TEs in important
crops, such as wheat and rice and to test if we can use TEs to adapt them to climate-
change related stresses. It proved to be unexpectedly challenging to mobilize TEs
in crops and even more challenging to then test these plants in field experiments.
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However, we did find that we could mobilize TEs in both rice and wheat thereby
obtaining numerous interesting phenotypic changes that are of agricultural
importance.
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GLYCOPEPTIDE ANTIBIOTIC RESISTANCE GENES:
AN UPDATED POINT OF VIEW

Glycopeptide antibiotics (GPAs) are non-ribosomally synthesized glycosylated
natural products from Gram-positive soil-dwelling actinomycetes. GPAs are at the
top of the World Health Organization list of antibiotics critically important for human
medicine. Natural GPAs such as teicoplanin and vancomycin are effective weapons
against multidrug-resistant (MDR) pathogens. All GPAs inhibit the growth of Gram-
positive bacteria by binding to the lipid II (a key cell-wall biosynthesis intermediate).
Unfortunately, more and more GPA-resistant pathogens emerge, placing this
successful class of antibiotics at risk of obsolescence. GPA-resistance is mediated by
the so-called van genes, which might include combinations of the vanHAX operon,
vanY gene (coding for cell-wall remodeling enzymes), and vanRS operon (coding
for a two-component regulatory system controlling the expression of other van
genes). Notably, van genes in GPA-producers (which obviously require them for
auto-resistance) and pathogens are very similar, implying a common evolutionary
source. An alternative hypothesis suggests that GPA-resistance genes might have
independently originated in GPA-producers and other soil Gram-positives.

In this study, we aimed to investigate the distribution of van genes in phylum
Actinobacteria and beyond, reconstructing the scenario of their evolution and
spread. By analyzing more than 7000 publicly available actinobacterial genomes,
we found van genes in one-tenth of them. The presence of van genes was not limited
to the GPA-producers. Our phylogenetic reconstructions for VanY-like proteins,
the VanHAX triads, and for VanRS regulatory pairs revealed complex stories of
evolutionary independent acquisitions of the corresponding genes. We continued
our search, describing van genes from other Fubacteria and discovered van genes in
three novel classes — Anaerolineae, Erysipelotrichia, and Ktedonobacteria — as well
as in new genera of Clostridia and Bacilli classes. The majority of these van genes
were co-localized with genes of mobile genetic elements. Extended phylogenetic
reconstruction revealed that all these van genes are most likely derived from
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Actinobacteria through several horizontal gene transfer events, which we were able
to reconstruct.

Taken altogether, our data portrays the phylum Actinobacteria as an incredibly
vast original source of GPA resistance determinants. Moreover, it was observed that
these GPA-resistance genes are actively migrating to other bacterial taxa, which
might mediate their transition to pathogens. Interestingly, such variability of van
genes in Actinobacteria is not easily explained by means of self-defence against
GPA-producers (which are a very minor fraction of Actinobacteria). Hence, we
are tempted to speculate that van genes might have other physiological roles in
Actinobacteria; this possibility merits further investigation.
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GENOMIC CHARACTERIZATION OF ACTINOMYCETE
STRAIN MUMIA SP. PV 4-285 ISOLATED FROM
PHYLLOSTACHYS VIRIDIGLAUCESCENS RHIZOSPHERE

The genus Mumia, belonging to the family Nocardioidaceae, was established
in 2014 and contains three species, Mumia flava, Mumia xiangluensis, and Mumia
zhuanghuii [2]. The members of the genus were isolated from different sources,
namely, from mangrove soil [1], rhizosphere [3], and the intestinal contents of
plateau pika [2]. In the search for producers of new biologically active compounds,
rhizosphere soil was collected in 2008 from Phyllostachys viridiglaucescens growing
in the Nikitsky Botanical Garden (Crimea, Ukraine). From this soil sample, strain Pv
4-285, which is affiliated with the genus Mumia, was isolated by direct inoculation
on humic vitamin agar.

Sequencing of Mumia sp. Pv 4-285 using Illumina and Oxford Nanopore
technology resulted in a chromosome of 4,649,352 bp with G+C content of 70.43%.
Further analyses indicate that it contains 4,398 protein-coding sequences, 46
tRNA and 9 rRNA genes. RAST server for annotation predicted the highest genes
encoding for metabolism (596 genes), followed by energy subsystem (216 genes),
protein processing (200 genes), stress response, defense and virulence (112 genes),
DNA processing (86 genes), cellular processes (61 genes), membrane transport (40
genes), RNA processing (40 genes), cell envelope (16 genes), regulation and cell
signaling (9 genes), and miscellaneous (12 genes). In Mumia sp. Pv 4-285 genome
were predicted by antiSMASH v. 7.0.0 five biosynthetic gene clusters (BGCs) with
low similarity to known clusters: 1 terpene, 1 betalactone, 1 NRPS-independent
siderophore, 1 PKS-I BGC, and 1 RiPP-like BGC.
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To clarify the taxonomic relationship of Mumia sp. Pv 4-285 with M. flava
DSM 27763, M. xiangluensis DSM 101040 and M. zhuanghuii DSM 106288
average nucleotide identity (ANI) analysis and in silico DNA-DNA hybridization
were performed. Strain Pv 4-285 had 77.2, 85.8 and 85.8% ANI values with M.
fava, M. xiangluensis and M. zhuanghuii respectively and 20.7, 30.1 and 30.1%
DNA-DNA relatedness values with M. flava, M. xiangluensis and M. zhuanghuii
respectively.

Based on the results obtained in current study, our isolate Mumia sp. Pv 4-285
potentially could be a novel species of this genus. Moreover, further analysis of
secondary metabolites will possibly discovery of new bioactive compounds.
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THE OLIGOGENIC IMPACT OF KIAA1210 & CFAP47
MUTATIONS ON THE DEVELOPMENT OF DSD FEATURES
IN A PATIENT WITH A C.34G>C GATA4 MUTATION

Differences in sexual development (DSD) are an important class of rare human
diseases involving numerous genes. Nevertheless, about half of 46, XY DSD
cases remain genetically unsolved. To investigate disease-causing gene variants
combination and genotype-phenotype correlation we analyzed 46, XY DSD patient
and family members carriers of ¢.34G>C (p.Gly12Arg) in GATA4, which had not
been previously described in DSD patients. Moreover, a GATA4 mutation ¢.34G>C
was registered in ClinVar in a 46, XY person without DSD features. The aim of our
study was to look for potential causative variants previously not implicated in DSD
to analyze the oligogenic origin of described DSD phenotype.
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Clinical, hormonal, and histological investigations as well as whole exome
sequencing for 46, XY DSD patient were performed. 46, XY SRY+ patient had a
female phenotype, with both gonads being dysgenetic and hypoplastic. Heterozygous
missense mutation ¢.34G>C (p.Glyl12Arg) in GATA4 gene (MAF = 0.0001752) was
not previously identified as DSD-causing.

Moreover, two rare hemizygous mutations: ¢.8212T>C (p.Ser2738Pro) in CFAP47
(MAF unknown) and c¢.1214G>A (p.Arg405His) in KIAA1210 (MAF=0.008459)
located on the X chromosome and involved in spermatogenesis were identified in
our patient, but previously not described for DSD patients. Bioinformatic analysis
revealed that all these variants are considered pathogenic.

Based on obtained results we hypothesize, that in GATA4 gene ¢.34G>C allele
together with ¢.8212T>C in CFAP47 and c.1214G>A in KIAA1210 are resulting in
oligogenic DSD features exclusively in 46, XY individuals.

UDC577.21

Monczak Y., Peltier L., Laneuville P.

Division of Molecular Genetics McGill University Health Center,
Department of Experimental Medicine of McGill University
McGill University, Canada

e-mail: yury.monczak@mcgill.ca

MOLECULAR DNA TRACKING OF CORD BLOOD STEM
CELL TRANSPLANTATION WITH MULTI-DONOR POOLS:
WHEN ONE DONOR IS NOT ENOUGH

Human hematopoietic stem cells (HSC) used for therapeutic transplantation can
be obtained from several donor sources, including bone marrow aspirates and post-
induction peripheral blood. Umbilical cord blood has also proven to be a rich source
of HSC, and banking of cord blood specimens for potential autologous transplantation
has become a routine alternative. The number of HSC found in cord blood samples
varies greatly, and most cord blood specimens collected during childbirth are not
conserved or banked, since they have suboptimal numbers of HSC.

Novel alternatives have been tried in research studies that aim to increase the
numbers of transplanted HSC from cord bloods. One such method combines a
few MHC-compatible cord blood HSC into one graft, but this method is limited
by the availability of haplo-identical donors. Ex-vivo expansion, or cultivation, of
HSC before transplantation aims to increase the number of HSC to an acceptable
threshold, but this has not always proven to give acceptable results. Furthermore,
these post-collection techniques have the disadvantage of increased costs of
transplantation.
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In the present pilot study, a small cohort of pooled cord bloods from several
donors was combined in a successful series of transplantations. Molecular identity
methods (short-tandem repeats (STR), or micro-satellites markers) allowed a careful
mechanism of following the engraftment of a HLA-matched donor in a pooled HSC
graft.

(This study was part of Dr. Linda Peltier’s PhD thesis, co-directed by Dr. Pierre
Laneuwville and Dr. Yury Monczak at the Department of Experimental Medicine of
McGill University).
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GEORGE GAMOW’S FRIEND MAX DELBRUCK -
THE FOUNDER OF MODERN VIRUS STUDIES

George Gamow and Max Delbruck were very close friends and fellow physicists
in the 1930s. They then decided to start in new fields, Gamow in astrophysics and
cosmology, while Max Delbruck began studying, virus replication as a key to
biology. Both succeeded and remained pioneers.
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