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DYnAMICS oF DEVELopMEnTAL EnHAnCErS

V. BONDARENKO, O. MIKHAYLICHENKO, D. HARNETT,
I. SCHOR, E. FURLONG 

European Molecular Biology Laboratory (EMBL),
Genome Biology Unit, Heidelberg, Germany;

e-mail: vladyslav.bon@gmail.com

Enhancers are central regulators of spatiotem
poral patterns of gene expression during 
development. Accessing and predicting en

hancer activity in the genome is therefore the prima
ry objective towards understanding of the complex 
regulatory networks underlying cell differentiation 
and development.

In this study, we utilized several genomic ap
proaches to access the potential rate of enhancer 
activation throughout the time course of Drosophila 
embryonic development and characterize the dy
namic properties of enhancers such as Pol II binding , 
enhancer RNA (eRNA) transcription, and enhan
cer-specific epigenetic marks. In particular, we per
formed ChIPseq on initiating and elongating forms 
of Pol II during mesoderm and nervous system de
velopment and complemented this approach with 
severaltypes of RNA-seq, such as strand-specific 
ribodepleted RNAseq and PROcap which ena

bles highly sensitive identification of nascent capped 
transcripts. To access chromatin dynamics, we made 
use of the publicly available data such as ChIPseq 
(H3K4me1 and H3K4Ac27) and DNaseseq.

We have found that genomewide initiating 
Pol II occupancy is highly dynamic over open chro
matin regions in mesoderm and neuronal develop
ment and is associated with active enhancers. We 
show that eRNA transcription is significantly cor
related with the timing of in vivo characterized en
hancer activi ty and transcription factor binding in 
fly embryo tissues, consistent with previous studies 
in mammalian cell culture systems. We characteri
ze specific properties of Drosophila eRNA, such as 
abundance and directionality. Finally, we show that 
eRNA can be used for prediction of putative active 
enhancers and assign potential enhancer activity to a 
large set of thousands of previously uncharacterized 
regions within Drosophila genome.

Section 4. Gene Expression



84

ISSN 2409-4943. Ukr. Biochem. J., 2017, Vol. 89, N 3

InVESTIgATIon oF proMoTEr rEgIon poLYMorpHISM
OF TASAP-А1 GENE IN THE COLLECTION OF WINTER WHEAT
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TaSAP1 is a member of the stress association 
protein (SAP) gene family from wheat. It is involved 
in response to several abiotic stresses, including 
drought, salt and cold. TaSAPA1 gene is located on 
chromosome 7A like the loci affecting yield-related 
traits, including thousandkernel weight (TKW), 
spike length (SL) and the total number of spike
lets per spike (TNSS). According to Chang et al., 
TaSAPA1 gene is also associated with these traits. 
The highest polymorphism level was revealed in the 
promoter region of TaSAP-А1 gene. The objective 
of this study was to investigate the  promoter region 
polymorphism of TaSAPA1 gene and evaluate the 
association between its alleles and yieldrelated traits 
in the collection of winter wheat varieties and lines 
used in Belarusian breeding.

The promoter region polymorphism of 
TaSAP-А1 gene has been investigated in a collec
tion of 72 varieties and lines of wheat used for the 
brea ding process in Scientific and Practical Center 
of NAS of Belarus on agriculture (Zhodino). TKW, 
SL and TNSS measurements were conducted in the 
laboratory of winter wheat of the above institution. 
DNA was isolated from grains by the method pro
posed by Plaschke et al. Isolation was carried out 
from two kernels for each cultivar or line. An analy
sis of promoter region polymorphism of TaSAPA1 
gene was conducted according to the method pro
posed by Chang et al., 2013, with modifications.

On the basis of conducted investigation of 
TaSAPA1 promoter region in the presence of 5 bp 

indel at position 1.810 bp and 39bp indel at posi
tion 1.637 bp using Sap5 and Sap39 markers, re
spectively, and a SNP (AC) at position 2.606 bp 
using Sap2606 marker all investigated varieties and 
lines were assigned to 4 haplotypes. Among them, 
17 (22.7%) belonged to haplotype I, 34 (47.2%) – 
to haplotype II, 13 (18.1%) – to haplotype II and 8 
(11.1%) – to haplotype IV. In investigated collection 
an averaged TKW was 51.5 g. Among the cultivars 
and lines with haplotype I it amounted 51.1g, with 
haplotype II – 51.4 g, with haplotype III – 51.9 g 
and with haplotype IV – 52.6 g, that confirm the 
literature data about haplotypes III and IV being 
a supe rior haplotypes for TKW. An averaged SL 
was 9.1 cm and among the cultivars and lines with 
haplotype I it amounted 9.4 cm, with haplotype II – 
9.0 cm, with haplotype III – 9.0 cm and with hap
lotype IV – 8.9 cm. An averaged TNSS among in
vestigated cultivars and lines was 17.8: among the 
cultivars and lines with haplotype I it amounted 18.1, 
with haplotype II – 17.9, with haplotype III – 17.4 
and with haplotype IV – 17.4. It confirms the liter
ature data about haplotype I and being a superior 
haplotype for TNSS compared with haplotypes II, 
III and IV.

Thus, the results of investigation of promoter 
region polymorphism of TaSAP-А1 gene in the 
winter wheat varieties and lines used in Belarusian 
breeding provides useful information for marker
assisted selection for yieldrelated traits.
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Modern gene expression study design usu
ally implies operating with multiple 
sources of information. Such sources are 

not limited by simple controlexperiment groups 
of samples produced in one go, but also comprised 
from datasets made within different timeframes and 
by different technologies. Moreover, last trends in 
massive gene expression data analysis shifted to
wards integrative approaches, where data from dif
ferent experiments are combined directly or through 
meta-analysis to increase statistical significance of 
results. Here we summarized our experience in gene 
expression microarray and RNAseq data analysis to 
provide optimal pipeline for joint data processing of 
both types.

Necessary steps for quality control analysis 
of raw microarray and rnaseq data were compiled. 
Time and technology dependent batch-effect and its 
negative influence on differential expression analy
sis were studied. We confirmed, that Illumina Bead
Chips, which contain several single arrays, each 
targeting one sample, are subject to unnecessary 
technical variations, especially if combined with 
RNA amplification and isolation batches. Based on 

quality control results global normalization methods 
for RNA-seq should be accompanied with specific 
methods such as RUVseq or svaseq to minimize the 
effect of different amount of RNA and library prepa
ration. Generalpurpose Empirical Bayes methods 
such as ComBat can be applied to both microar
ray and RNAseq data. Since microarrays contain 
ambiguous probesets to genes representations, we 
identified the best strategy for probesets selec
tion to obtain more uniform result between diffe-
rent platforms and when comparing with RNAseq 
data. Such strategy rely on actual probesets signal 
intensities contrast to mapping probe sequences to 
genome. Finally the methods based on estimating 
the expression from RNAseq reads overlapping the 
microarray probe regions were compared with RNA
seq transcripts quantification on gene level with fea
ture Counts and normalization to counts per million 
(CPM) in log scale with voom method.

We highlighted important steps and difficulties 
in gene expression microarray and RNAseq data 
analysis and provided guidelines and scripts to fur
ther facilitate integrative studies.
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Publication of gene expression raw data in open 
access to online resources like NCBI or Ar
rayExpress made it possible to use these data 

for crossexperiment integrative analysis and make 
new insights into biological phenomena. Howe ver, 
most popular of the present online resources are 
meant to be archives rather than ready for immediate 
access and interpretation databases. Data uploaded 
by independent contributors is not standardized and 
sometimes incomplete and needs further processing 
before it is ready for the analysis. Hence, the need for 
a specialized database appears.

Given in this article is the description of the 
database that was created after processing a collec
tion of 33 relevant datasets on pre-eclampsia-affec-
ted human placenta.  Data processing includes the 
choice of relevant experiments from ArrayExpress 
database, the experiment sample attributes standar

dization according to MeSH term dictionary and 
Experimental Factor Ontology and the completion 
of missing data using information from the corre
sponding articles and authors.

A database of more than 1000 samples contains 
sufficient sample-wise metadata for them to be ar
ranged into relevant casecontrol groups. Metadata 
includes information on biological specimen, donor's 
diagnosis, gestational age, mode of delivery etc. The 
average size of these groups will be higher than it 
is in separate experiments. This will reduce experi
ment bias and enhance statistical accuracy of the 
subsequent analysis such as search for differentially 
expressed genes or inferring gene networks. The 
article concludes with the guidelines for the micro
array experiment metadata uploading for future con
tributors.
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T he endoplasmic reticulum stress is an impor
tant component of tumor growth, including 
glioblastoma. IRE1 (inositol requiring en

zyme1) signaling pathway of endoplasmic reticulum 
stress is a central mediator of the unfolded protein 
response and inhibition of this signaling pathway 
leads to a suppression of glioma growth through 
downregulation of proliferation processes as a result 
of metabolic reprogramming of cancer cells. The en
doplasmic reticulum stress controls the expression of 
numerous regulatory and proliferation related genes, 
which are responsible for glioma growth. We have 
studied the effect of inhibition of IRE1 signaling 
enzyme on the expression of a subset of genes en
coding important regulatory proteins in U87 glioma 
cells.

We have used U87 glioma cells and their sub
line stably transfected with cDNAconstruct ex
pressing dnIRE1 (without kinase and endoribonu
clease activities). The expression levels of BRCA1, 
DEK, BCL2L1, COL6A1, TPD52, GLO1, HOMER3, 
and STC2 mRNAs as well as ACTB mRNA were 
measu red in these glioma cells by realtime quantita
tive polymerase chain reaction.

It was shown that the expression level of breast 
cancer 1 early onset (BRCA1), a nuclear phospho
protein which coordinates a diverse range of cellular 
pathways and transcriptional regulation to main
tain genomic stability, tumor protein D52 (TPD52), 
which inhibits growth and metastasis in renal cell 
carcinoma cells through the PI3K/Akt signaling 
pathway, and stanniocalcin 2 (STC2) mRNAs is 
significantly up-regulated (+83, +135, and +514%, 
correspondingly) in U87 glioma cells by inhibi

tion of IRE1 signaling enzyme in comparison with 
the control cells. At the same time, the expression 
level  of collagen, type VI, alpha 1 (COL6A1), which 
play an important role in tumorigenesis, DEK onco
gene (DEK), glyoxalase I (GLO1), which promotes 
tumor growth, and homer homolog 3 (HOMER3), 
which is implicated in diverse biological functions, 
is strongly downregulated (72, 18, 91 and 36%, 
correspon dingly) in glioma cells without IRE1 
signa ling enzyme function. It was also shown that 
hypoxia upregulated the expression level of CO
L6A1, TPD52, and STC2 mRNAs  (+60, +91, and 
+604%, correspondingly) and down-regulated – 
BRCA1, DEK, and GLO1 mRNAs  (51, 28, and 
12%, correspondin gly) in control glioma cells and 
that IRE1 inhibition modifies the effect of hypoxia 
on the expression of COL6A1, BCL2L1, HOMER3, 
and STC2 mRNAs.

Thus, the expression of most studied genes 
is responsible for IRE1mediated endoplasmic re
ticulum stress signaling in gene specific manner. 
Therefore, the changes in expression level of genes 
encoding BRCA1, DEK, BCL2L1, COL6A1, TPD52, 
GLO1, HOMER3, and STC2 proteins possibly reflect 
metabolic reprogramming of glioma cells by IRE1
mediated endoplasmic reticulum stress signaling and 
correlate with suppression of glioma cell prolifera
tion upon inhibition of the IRE1 signaling enzyme.

Acknowledgments. I would like to express my 
gratitude to my research supervisor Prof. Oleksandr 
Minchenko and also to all colleagues from Molecu
lar Biology Department of Palladin Institute of Bio
chemistry for their help in experiments.
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The endoplasmic reticulum stress is an impor
tant component of tumor growth, including 
glioblastoma. IRE1 (inositol requiring en

zyme1) signaling pathway of endoplasmic reticulum 
stress is a central mediator of the unfolded protein 
response and inhibition of this signaling pathway 
leads to a suppression of glioma growth through 
downregulation of proliferation processes as a result 
of metabolic reprogramming of cancer cells. The en
doplasmic reticulum stress controls the expression of 
numerous regulatory and proliferation related genes 
including tumor suppressors, which are responsible 
for glioma growth. We have studied the effect of in
hibition of IRE1 signaling enzyme on the expression 
of a subset of genes encoding important proliferation 
related proteins in U87 glioma cells.

We have used U87 glioma cells and their sub
line stably transfected with cDNAconstruct expres
sing dnIRE1 constructs without kinase and en
doribonuclease activities. The expression levels of 
NAMPT, HSPB8, RAB5C, BIRC5, PSAT1, KRT18, 
CLU, GPI, and TSPAN13 genes as well as ACTB as 
reference gene were measured in these U87 glioma 
cells by realtime quantitative polymerase chain 
reac tion and Westernblot analysis.

It was shown that the expression level of nico
tinic acid phosphoribosyltransferase (NAMPT), 
a key enzyme in the biosynthesis of nicotinamide 
adenine dinucleotide, which is involved in many im
portant biological processes, heat shock 22 kDa pro
tein 8 (HSPB8), which is involved in carcinogene
sis, tetraspanin 13 (TSPAN13), RAB5C, member 
RAS oncogene family (RAB5C) mRNAs is sig
nificantly down-regulated (-95, -86, -82, and -77%, 

correspondingly) in U87 glioma cells by inhibition 
of IRE1 signaling enzyme in comparison with the 
control cells. Inhibition of IRE1 enzyme had signifi
cantly lesser suppressive effect on the expression of 
baculoviral IAP repeat containing 5 (BIRC5), phos
phoserine aminotransferase 1 (PSAT1), and clusterin 
(CLU) mRNAs (40, 61, and 54%, corresponding
ly).

At the same time, the expression level of kera
tin 18 (KRT18), which plays an important role in cell 
proliferation, and glucose6phosphate isomerase 
(GPI), which is involved in glycolysis, is upregula
ted (+170 and +30%, correspondingly) in glioma 
cells without IRE1 signaling enzyme function. It 
was also shown that hypoxia upregulated the ex
pression level of most studied genes and that IRE1 
inhibition modifies the effect of hypoxia on their ex
pression.

Thus, the expression of most studied genes is 
responsible to IRE1mediated endoplasmic reticulum 
stress signaling in gene specific manner. Therefore, 
the changes in expression level of genes encoding 
BRCA1, DEK, BCL2L1, COL6A1, TPD52, GLO1, 
HOMER3, and STC2 proteins possibly ref lect 
metabolic reprogramming of glioma cells by IRE1
media ted endoplasmic reticulum stress signaling and 
correlate with suppression of glioma cell prolifera
tion upon inhibition of the IRE1 signaling enzyme.

Acknowledgments. I would like to express my 
gratitude to my research supervisor Prof. Oleksandr 
Minchenko and also to all colleagues from Molecu
lar Biology Department of Palladin Institute of Bio
chemistry for their help in experiments.
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Mitochondria play an important role in the 
regulation of tumor growth and apoptosis 
through numerous metabolic pathways. 

The functional activity of mitochondria is controlled 
through numerous nuclearencoded mitochondrial 
proteins and most of these factors and enzymes are 
responsible for metabolic reprogramming of mi
tochondria in cancer as well as in other diseases. 
The endoplasmic reticulum stress is an important 
component of tumor growth and inhibition of IRE1 
(inositol requiring enzyme1) signaling pathway, 
which is a central mediator of the unfolded protein 
response, leads to a suppression of tumor growth 
through downregulation of the angiogenesis and 
proliferation processes. This stress contributes to 
the expression profile of many regulatory genes re
sulting in proliferation, apoptosis, angiogenesis, and 
mitochondrial functions. We have studied the effect 
of IRE1 inhibition on the expression of a subset of 
nuclear genes encoding mitochondrial proteins in 
U87 glioma cells.

We used U87 glioma cells and their subline 
stably transfected with cDNAconstruct expressing 
dnIRE1 (no kinase, no endoribonuclease). The ex
pression level of NNT, NR3C1, FAM162A, PRSS15 
and ETHE1 mRNAs as well as ACTB mRNA were 
measured in U87 glioma cells by realtime quantita
tive polymerase chain reaction.

It was shown that the expression level of nico
tinamide nucleotide transhydrogenase (NNT), glu

cocorticoid receptor (NR3C1), and proapoptotic 
protein FAM162A (family with sequence similarity 
162 member A) mRNAs is significantly up-regulated 
(+64, 50, and 176%, correspondingly) in U87 glio
ma cells by inhibition of IRE1 signaling enzyme in 
comparison with the control cells. At the same time, 
the expression level of mitochondrial ethylmalonic 
encephalopathy 1 (ETHE1), which represents a sul
fur dioxygenase that localizes within the mitochon
drial matrix and suppresses p53induced apoptosis, 
is strongly downregulated (76%) in glioma cells 
without IRE1 signaling enzyme function. It was 
also shown that IRE1 inhibition decreases the ex
pression level of mitochondrial serine protease 15 
(PRSS15), also known as hLON ATPdependent 
protease, which mediates the selective degradation 
of misfolded, unassembled or damaged polypeptides 
in the mitochondrial matrix and participate in the 
regulation of mitochondrial gene expression.

The expression of all studied genes is responsi
ble for IRE1mediated endoplasmic reticulum stress 
signaling in gene specific manner, because ІRE1 
knockdown significantly affects their expression. 
Therefore, the changes in expression level of nuclear 
genes encoding NNT, NR3C1, FAM162A, PRSS15, 
and ETHE1 proteins possibly reflect metabolic re
programming of mitochondria by IRE1mediated en
doplasmic reticulum stress signaling and correlate 
with suppression of glioma cell proliferation upon 
inhibition of the IRE1 enzyme function.
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A dvent of the nextgeneration sequencing 
(NGS) of DNAanalysis at the beginning 
of the 1980’s brought about a revolution in 

biology and medicine.
Frederick Sanger was the first scientist to report 

the basic principles for determination of amino acid 
and nucleotide sequence of DNA and RNA in 1977.

But the determination of the whole human ge
nome as the fundamental capability of sequencing 
was not suggested at the time. An international con
sortium of 16 laboratories accomplished this task in 
2003.

To remain uptodate with evolving technology 
in the field of DNA-analysis and human identifica
tion SSRFC of MIA of Ukraine introduced Ion Tor
rent PGM™ sequencer in 2016. It enables us to get a 
robust data about DNA sequence in recordbreaking 
time. The instrument can simultaneously analyze 
more than a dozen samples in less than 24 hours.

Depending on its processor configuration it is 
capable of determining from 10 million to 1 billion 
base pairs with high precision.

Ion Torrent PGM™ enables us to sequence 
specific stretches of genome of various organisms, 
search for somatic and hereditary mutations, ana

lyze expression of genes and noncoding RNA, con
duct metagenomic analysis by the sequence of 16S 
рRNA as well as analysis of protein-DNA interac
tions (СhIP-Seq), Y-DNA and mtDNA.

In 20162017 we conducted a number of studies 
with Ion Torrent PGM™ that demonstrated the ef
ficiency of mtDNA sequencing for establishing ma
ternal relationship between parents and children as 
well as between siblings.

The results obtained are reproducible, repeatab
le and robust and have the following advantages over 
the results of Sanger mtDNA sequencing:

– mitotypes are more informative and discrimi
native since the whole mtDNA chain is sequenced 
(~16570 nucleotides) which is not the case with the 
Sanger method (~830 nucleotides);

– it takes 10 times less messenger DNA to get 
the result which allows us to analyze samples with 
extremely low DNA concentration.

Quantitative and differential analysis of gene 
expression plays a key role in performing various re
search tasks particularly in correlating gene expres
sion with phenotype which can result in establishing 
such human characteristics as sex, age, color of hair, 
eyes, skin, etc.



91

DEpEnDEnCE oF ExprESSIon oF gEnES InVoLVED
In AUxIn SIgnALIng AnD TrAnSporT

on grAVISTIMULATIon In ToMATo LEAVES

S. SUKHAVEYEVA, E. KABACHEVSKAYA,
N. RADTSEVICH, I. VOLOTOVSKI 

Institute of Biophysics and Cell Engineering,
NAS of Belarus, Minsk, Belorussia;

e-mail: suhoveevalmbc@mail.ru

G ravitropism (geotropism) is an ability of 
roots and various aboveground plant or
gans to change their growth in response to 

gravity. Under alteration of gravity vector the asym
metric growth of upper and lower halves of an organ 
is stimulated and its gravitropic bending occurs. A 
key factor in mediation of the gravitropic bending is 
redistribution of phytohormone auxin between cells 
of gravistimulated organs. Such auxin redistribution 
in the aboveground organs induces extrusion of pro
tons into the apoplast, acidification and weakening 
of the cell wall, “acid growth” of cells of the lower 
half of an organ and its subsequent bending. At the 
same time, the sensitivity of expression of genes 
associated with auxin metabolism and signaling to 
gravistimulation remains poorly understood.

The aim of this research was to evaluate 
influen ce of gravistimulus on expression of genes 
associated with auxin signaling and transport such 
as some isoforms of small auxin upregulated RNA 

(SAUR) gene family, auxin receptor TIR1, auxin ef
flux and influx transporters LAX1 and SiPIN1.

Influence of gravistimulus on gene expres
sion was determined in the apical leaves of tomato 
plants. For gravistimulation the experimental group 
of tomatoes were turned by 90º so their stems were 
horizontal and exposed at different time intervals. 
Relative quantitative realtime RTPCR was used to 
measure the change in mRNA expression levels of 
target genes.

It was found that expression of SAUR15, 
SAUR58, TIR1, LAX1, and SiPIN1 was increased 
in 15 min after the beginning of gravistimulation. 
The expression of SAUR15, SAUR58, SiPIN1, TIR1 
remained high at the late stages of observations, 
meanwhile the expression of LAX1 was decreased.

The obtained results suggest the changes in ex
pression of target genes at the transcriptional level 
can play an important role in development of gravit
ropic response in plant leaves.
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T he aim of the present study was to investi
gate DGAT1, Alphalactalbumin and Ghrelin 
genes polymorphisms and their associations 

with milk production and compositions in buffa
loes of Mazandaran Province using PCRRFLP and 
PCRSSCP methods. In this study the blood samples 
were collected from 100 buffaloes and DNA was 
extracted using modified salting out extraction pro
tocol. A fragment of DGAT1 gene with the length 
of 411 bp including part of exon 3, and a fragment 
of Ghrelin gene with the length of 402 bp ampli
fied by polymerase chain reaction (PCR). In order 
to PCR products were digested with CfrI and Hpa II 
restriction enzymes for DGAT1 and ghrelin genes, 
respectively. Polymorphism at Alphalactalbumin 
gene was detected by single strand conformation 
polymorphism (SSCP) method. In order to study as
sociation of studied genes with milk production and 
composition on buffalo, from GLM procedure of 
SAS software was used. The PCR or digested PCR 

products were electrophoresed on 1.5% agarose and 
12% polyacrylamide gel. In the RFLP method for 
DGAT1 gene, only K allele and for ghrelin two al
lele’s i.e. T and C were found. In this population TT, 
TC and CC genotypes have been identified with the 
0.55, 0.3 and 0.15 frequencies, respectively. T and 
C allele’s frequencies were 0.7 and 0.3. Using SSCP 
method, four banding patterns were found at Alpha
lactalbumin site with frequencies of 0.17, 0.66, 0.15 
and 0.02 for AB, BC, BB and CC, respectively. A, B 
and C allele’s frequencies were 0.085, 0.565 and 0.35, 
respectively. The results showed significant effect of 
Ghrelin gene on milk fat, protein and dry matter 
percentage. These traits were more favorable in the 
group of individuals with CC genotype, which may 
indicate an advantage of T allele over C. The Alpha
lactalbumin genotype was not significantly affected 
the studied. In general, results indicated possible 
potential for using DGAT1, Alphalactalbumin and 
ghrelin genes in markerassisted selection programs.


