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Abstract
In the present study, five different DNA extraction procedures were examined to determine their effectiveness for extractingDNA
suitable for NGS applications. This included two silica-membrane spin column kits, phenol:chloroform, and two CTAB-based
methods. Spectrophotometric and fluorimetric measurements as well as standard gel electrophoresis were used as criteria for
evaluating the quantity and quality of the isolated DNA prior to the sequencing. Herein, the method of establishing and
maintaining axenic Euglena cultures is also presented. The modified CTAB-based method proved to be highly efficient. In terms
of DNA quantity and purity (according to the absorbance ratios), the chosen method resulted in DNA of high molecular weight
and quality, which fulfills the library construction requirements. Genomic DNA of Euglena hiemalis (CCAP 1224/35) and
E. longa (CCAP 1204-17a) isolated using the suggested protocol had been successfully sequenced on the Illumina HiSeq
platform. A modified, rapid CTAB-based method of total DNA isolation from Euglena has been described. In terms of the
DNA quantity and quality, the protocol devised involving the washing step with DMSO:acetonitrile proved superior to the
commonly used, commercially manufactured kits and isolation with phenol:chloroform. The method is also less labor-intensive
and time-consuming than the traditional CTAB-based protocol.
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Introduction

Euglenids (Euglenida) are unicellular, free-living phytoflagel-
lates, widespread in various aquatic environments (Zakryś
et al. 2017). Their plastids, enclosed by three membranes, are
a secondary acquisition from the Pyramimonas-related green
alga. Thus, the euglenids are an interesting case for studying
the evolution of organelles (Turmel et al. 2009; Hrdá et al.

2012; Zakryś et al. 2017). Despite these organisms (especially
Euglena gracilis) being utilized as an object of intensive labo-
ratory studies on photosynthetic capacity, phototaxis, and meta-
bolic and gene expression pathways and having even been pro-
posed as an attractive feedstock for biodiesel and biomass pro-
duction, knowledge about the organization of their genetic ma-
terial remains very limited (Milanowski et al. 2014; Yoshida
et al. 2016; Ebenezer et al. 2017; Li et al. 2017; Tomiyama
et al. 2017). With the advent of the next-generation sequencing
(NGS) platforms, investigation of the genomes of many algae
species has become more affordable than ever before (Saint-
Marcoux et al. 2015; Tan et al. 2015; Gawryluk et al. 2016;
Yurchenko et al. 2016). However, the efforts aimed at sequenc-
ing Euglena nuclear genomes have remained challenging and,
to date, an incomplete task (Milanowski et al. 2016; Ebenezer
et al. 2017). It is known that the nuclear genomes of euglenids
are large, highly repetitive and complex, therefore difficult to
study. Only the draft genome assembly of E. gracilis has been
published so far (Ebenezer et al. 2017). The preliminary data
indicate that the genome of this organism ranges around from
1.4 up to 2 Gbp (giga base pairs) (Ebenezer et al. 2017).
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Therefore, obtaining sufficient data to provide adequate cover-
age enabling genome assembly requires extraction of particular-
ly high-quality DNA sample. The DNA material suitable for
NGS analysis should be characterized by high molecular weight
with an A260/280 ratio between 1.8 and 2.0 (Healey et al. 2014;
Lucena-Aguilar et al. 2016). The sample should be free from co-
precipitating contaminant substances, such as proteins, polysac-
charides, waxes, and photosynthetic pigments, which tether or
obstruct NGS DNA library preparation (Healey et al. 2014).

The difficulty of DNA isolation from eukaryotic microalgae
is a well-known and often reported issue (Eland et al. 2012;
Tear et al. 2013; Maneeruttanarungroj and Incharoensakdi
2016). Many lineages have developed, apart from the cell wall,
unique surface structures, such as frustules, loricae, or muci-
lage sheaths, frequently enriched by some highly resistant
compounds (Barsanti et al. 2001; Popper et al. 2014). The cells
of euglenids are covered with a complex structure called the
pellicle. It is organized in a series of overlapping, proteina-
ceous strips enveloped by the plasmamembrane and supported
on the microtubule corset (Leander et al. 2007; Zakryś et al.
2017). The pellicle strips run along the entire length of the cell
in an imbricated manner, which allows them to slide against
each other. This arrangement enables dynamic changes in cell
shape, called metaboly or euglenoid movement (Zakryś et al.
2017). Furthermore, euglenids may also secrete protective,
mucilaginous material. It accumulates under culture conditions
as clumps of mucus composed of mostly glycosylated poly-
peptides and insoluble gelatinous polysaccharides (Cogburn
and Schiff 1984). The abovementioned features render
euglenids recalcitrant to cell disruption.

Most of the DNA extraction methods currently applied for
DNA isolation from euglenids were developed and optimized
for different organisms—i.e. plants, yeast, and mammals. These
protocols tend to obtain relatively small amounts of DNA, which
is often highly diluted, contaminated, and prone to tearing. The
use of physical cell disruption methods, including liquid homog-
enization, sonication, or grinding in liquid nitrogen, may result in
obtaining highly fragmented DNA. Although such DNA sam-
ples may still be used as a template for PCR, followed by stan-
dard sequencing, the method is inapplicable for whole genome
study purposes. Furthermore, cell strains acquired from the col-
lections of cultures or isolated from environmental samples are
usually contaminated with bacteria and fungi. Mechanical sepa-
ration of the cells, such as micromanipulation and/or equilibrium
centrifugation, followed by subsequent passages in liquid media
is often not enough to establish axenic Euglena cultures (Gilbert
1970; Jones et al. 1973). Moreover, supplementing the liquid
growth media with antibiotics (especially those newly devel-
oped) is usually harmful for euglenids. These agents have a
stronger effect on Euglena cells at lower concentrations than on
bacteria or fungi. Many antibiotics, routinely used in purification
of algal and protozoan cultures, such as streptomycin, kanamy-
cin, and neomycin, permanently bleach photosynthetic euglenids

(Droop 1967; Jones et al. 1973; Tucci et al. 2010). Their chloro-
plasts become aberrant and are gradually diluted out of dividing
cells, which eventually leads to a hereditary loss of plastids. Such
changed cells have a limited life span and exhibit other atypical
traits, i.e., improper divisions (Ebringer 1964). Thus, they cannot
be regarded as a reflection of the natural state and used for de
novo next-generation sequencing. It is particularly important to
strive for elimination of contaminants prior to the stage of sample
preparation. Foreign DNA admixtures can lead to wrong or con-
fusing results in the assembly of the desired genome, particularly
when reference data is absent (Langdon 2014; Merchant et al.
2014; Strong et al. 2014; Gruber 2015).

Herein, we present the comparison of five commonly used
DNA isolation protocols and culture purification method de-
veloped while working on the de novo genome sequencing of
the two Euglena species: photoautotrophic Euglena hiemalis
(CCAP 1224/35) and secondarily heterotrophic E. longa
(CCAP 1204-17a). The lack of a rapid and efficient method
for pure, high-quality genomic DNA extraction from Euglena
species has led us towards attempting to optimize a method for
the isolation of highly concentrated DNA, suitable for next-
generation sequencing purposes.

Methods

Cell strains and growth conditions

Cultures of Euglena gracilis Z (SAG 1224-5/25),
Euglena hiemalis (CCAP 1224/35), and Euglena longa
(CCAP 1204-17a) were cultivated statically in the Cramer-
Myers medium (Cramer andMyers 1952), supplemented with
ethanol (0.8% v/v) and aqueous soil extract (1% v/v). Cells
were grown at 18 °C under white light exposure (16:8-h
light/dark cycle, ca. 27 μmol photons m−2 s−1).

Disc diffusion antibiotic sensitivity testing

In order to determine the antibiotic susceptibility of contami-
nant organisms, the agar diffusion test was performed (Bauer
et al. 1966). The initial, non-axenic cultures of euglenids were
plated on Tryptone Soya Yeast Extract Agar (TSYEA; BTL)
supplemented with amphotericin B (1% v/w; Sigma). Then,
the antibiotic-impregnated paper discs (Oxoid) were placed on
the plates and left to incubate. Our previous experience has
shown that antibiotics affecting DNA or protein synthesis,
particularly those recently developed, are more lethal for
euglenids at lower concentrations than for their bacterial
and/or fungal contaminants. Therefore, they were not taken
into account in this study. Various agents inhibiting bacterial
cell wall synthesis, such as ampicillin (25 μg), cefotaxime
(30 μg), fosfomycin (50 μg), gentamicin (30 μg), penicillin
(25 μg), rifampicin (30 μg), trimethoprim (2.5 μg), and
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vancomycin (30 μg), were used in the antibiotic screening, as
the least harmful for the cells of euglenids. Cefotaxime and
vancomycin—the compounds generating the largest zones of
inhibition—were chosen for the final purification procedure.

Culture purification

The initial cultures of euglenids were mechanically pre-
purified by centrifugation (2500×g, 30 s, RT) and washing
with distilled water (each time the supernatant was discarded).
The procedure was repeated as long as the amount of bacteria
observed under the microscope was visibly decreasing. Such
prepared cultures were diluted and streaked on solid Cramer-
Myers medium supplemented with mineral medium (5% v/v)
(Starr 1964), aqueous soil extract (5% v/v), and amphotericin
B (1% v/w; Sigma), and agarised with TSYEA (1% v/w;
BTL). In order to obtain zones with decreasing concentrations
of antibiotics, only two discs, one for each of the selected
compounds (cefotaxime and vancomycin, respectively), were
placed on the opposite sides of the plate (supplementary
Figure S1, supplementary material online). Grown Euglena
colonies (visible under the microscope as bacteria-free and
alive) were subsequently restreaked on the same medium for
further purification. To increase survivability of the Euglena
cells, the antibiotic discs were placed on the plates every sec-
ond passage. The procedure was repeated until the axenic
algal cultures were obtained. Afterwards, they were trans-
ferred to the liquid medium and constantly monitored for bac-
terial and fungal presence.

Genomic DNA extraction protocols

Five DNA extraction methods were evaluated in this study.
The DNA was isolated from all three species (E. gracilis,
E. longa, E. hiemalis) in pentaplicates with each extraction
protocol. The initial experimental steps remained the same in
all cases. A total volume of 10 mL of liquid cultures in the
logarithmic growth phase was centrifuged (5000×g, 5 min,
RT) and rinsed with nuclease-free water three times to
completely remove the residues of the growth medium.
Washed Euglena cells were then resuspended, aliquoted
(1 mL), and centrifuged. Then, each of the cell pellets (±
50mg) was processed in accordancewith the chosenmethod’s
requirements. Finally, the DNAwas eluted or resuspended in
100 μL of nuclease-free water (GE Healthcare).

Extraction with commercial silica-membrane column
kits

Two commercially manufactured kits, designed for quick pu-
rification of genomic DNA—DNeasy Blood & Tissue
(Qiagen) and DNeasy Plant (Qiagen)—were tested. In the
case of the DNeasy Blood & Tissue kit, the spin column

protocol designed for purification of total DNA from animal
blood/cultured cells was applied, whereas in the case of
DNeasy Plant kit, the TissueRuptor protocol with liquid nitro-
gen was used. All steps were performed strictly as described in
the instructions provided by the manufacturer. In both cases,
on-column RNAse A (100 mg mL−1, 4 μL, 2 min, RT;
Qiagen) digestion was carried out.

Extraction with phenol:chloroform

Genomic DNA was isolated with standard ethanol precipita-
tion following phenol:chloroform:isoamyl alcohol (24:25:1
v/v; AppliChem) treatment, according to the previously de-
scribed, albeit slightly modified protocol (Psifidi et al. 2010;
Green and Sambrook 2017). Specifically, 1 mL of lysis buffer
containing 10 mM Tris HCl (pH = 7.5), 1 mM EDTA, 50 mM
NaCl, 0.2% SDS (v/w), and 1 mg of proteinase K (Qiagen)
was used to digest Euglena cells for 1.5 h at 56 °C. The lysate
ex t r ac t ion was pe r fo rmed twice wi th 1 mL of
phenol:chloroform:isoamyl alcohol (24:25:1 v /v ;
AppliChem). Following the first extraction step, the aqueous
phase was treated with RNAse A (100 mg mL−1, 4 μL;
Qiagen) and incubated at 37 °C for 30 min with periodic,
gentle mixing. Afterwards, the extraction was repeated.
Then, 2.5 volume of absolute ethanol (AppliChem) and 0.1
volume of 3 M sodium acetate (pH = 5.2) were added and the
DNA was precipitated at − 20 °C for 1.5 h. The sample was
spun at 12,000×g, 10 min, RT, and the DNA pellet was
washed twice with 70% ethanol. Finally, the pellet was air-
dried and resuspended in nuclease-free water.

Extraction with traditional CTAB method

The cetyltrimethylammonium bromide (CTAB; AppliChem)
DNA isolation was performed strictly as described elsewhere
(Allen et al. 2006). The volumes of utilized reagents were
downscaled according to the amount of the initial Euglena
biomass.

Extraction with modified CTAB method

The CTAB-based, rapid DNA extraction protocol (Healey
et al. 2014) was slightlymodified. Prior to the proper isolation,
the cell pellets were washed with ice-cold DMSO:acetonitrile
(1:1 v/v; AppliChem). This step was introduced to perforate
the pellicle (and to facilitate the penetration of the lysis buffer
into the cells), as well as to remove the photosynthetic pig-
ments, polysaccharides, and wax esters which hinder nucleic
acids isolation and purification (Rosenberg 1967; Mederic
et al. 1987; Barsanti et al. 2001; del Campo et al. 2010;
Healey et al. 2014). Also, the RNAse A (100 mg mL−1,
4 μL; Qiagen) treatment was extended to 30 min in compar-
ison to the guidelines provided by Healey et al. (2014).
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DNA integrity assessment

The integrity of the DNA samples obtained using each tested
extraction method was examined through standard gel elec-
trophoresis (Psifidi et al. 2015). In detail, 5 μL of each DNA
extract was analyzed in a 1.5% agarose gel stained with 0.5%
Midori Green (Nippon), run in 1× TAE buffer. DNA bands
were visualized using the ChemiDoc UV transilluminator
(Bio-Rad).

DNA purity and yield

For each of the applied extraction procedures, the concentra-
tion and purity of the recovered DNAwere assessed spectro-
photometrically with NanoPhotometer NP80 (Implen). An
Abs260/280 ratio was used to evaluate protein contamination
while an Abs260/230 ratio was used to determine organic sol-
vents contamination. Afterwards, for each species/isolation
method, one sample (with the best parameters) was selected
based on the absorbance values and subjected to fluorimetric
measurements. Concentration of the DNA in those samples
was further examined using the High Sensitivity DNA Assay
implemented by Qubit 3.0 fluorometer (Thermo Scientific).
Each time, 1.5 μL (absorbance) or 1 μL (fluorescence) of
DNA sample (or nuclease-free water as a blank solution)
was used during the sample assessment. Each measurement
was performed twice, and obtained values were averaged.
Total DNAyield was calculated based on DNA concentration
derived from the NanoPhotometer and Qubit results calculat-
ed together with the total volume of the DNA extract.

Application of the isolated DNA in high throughput
sequencing

Based on the average values of the above parameters, out of
five extraction methods tested, the most effective and robust
one was selected. In order to evaluate its application in NGS
library construction and sequencing, single isolates of
E. hiemalis and E. longa, which exhibited optimal parameters
of concentration and quality, were chosen for further manipu-
lations. The DNA prepared for sequencing was stored in −
20 °C no longer than a few days, avoiding its exposure to
temperature amplitudes.

Preparation of a pair-end reads (PE150) library was carried
out externally using NEBNext DNA Library PrepMaster Mix
Set for Illumina (NEB) and sequenced commercially on an
HiSeq4000 instrument (Genomed, Warsaw, Poland). The
quality of the DNA library was assessed using a 2100
Bioanalyzer (Agilent). Additionally, the quality of raw se-
quencing reads after trimming (removal of library adaptors)
was analyzed using the FastQC software (Andrews 2010).

Results and discussion

DNA concentration and quality

The mean values of the absorbance ratios for each of the
extraction methods tested and statistical comparisons between
them are shown in (Fig.1a; supplementary Table S2,
supplementary graph S3, supplementary material online).
The silica membrane-based DNeasy Blood & Tissue kit en-
abled the extraction of the DNA with the overall (across all
species and samples) mean A260/280 ratio of 2.07 ± 0.06 and
the overall mean A260/230 ratio of 2.07 ± 0.13 across the
Euglena species. Isolation with the other commercial kit—
DNeasy Plant—produced samples with the overall mean
A260/280 ratio of 1.86 ± 0.091 and the overall mean A260/
280 ratio of 1.36 ± 0.47, i.e., highly contaminatedwith organic
compounds, most probably chaotropic salts. Such a signifi-
cant amount of admixtures may hinder downstream
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Fig. 1 Summary statistics of the a A260/280 (dark gray) and A260/230
(light gray) ratios measured with the spectrophotometer (NP80, Implen)
and b mean values of the DNA concentrations across all species together
for five methods tested. Bars represent mean values of illustrated
parameters and whiskers represent standard deviation (SD). DNA
isolation methods were tested in pentaplicates (five repetitions for each
method and species). Measurements were taken twice for each sample
(n = 15)



applications. Hence, the DNA samples extracted with this kit
may be considered unsuitable for NGS analysis. Both CTAB-
based isolation protocols resulted in samples with the mean
absorbance ratios slightly higher than with the DNeasy Blood
& Tissue kit, yet still satisfactory: the traditional method with
the overall mean A260/280 ratio of 2.04 ± 0.12 and the overall
mean A260/280 ratio of 2.02 ± 0.22, while the rapid meth-
od—with the overall mean A260/280 ratio of 2.03 ± 0.05
and overall mean A260/280 ratio of 1.97 ± 0.09. The
phenol:chloroform method yielded samples with the follow-
ing mean absorbance ratios across the species: A260/280 of
2.03 ± 0.12 and A260/280 of 2.20 ± 0.64, respectively.

In terms of the DNA concentration, as evidenced by
spectrophotometry (Fig. 1b; supplementary Table S2, sup-
plementary material online), the isolation with DNeasy
Plant kit turned out to be the least efficient (with the mean
DNA concentration of 15.78 ± 0.89 ng μL−1 in all samples),
while isolation with CTAB-based methods proved to be the
most efficient. Traditional protocol yielded the mean DNA
concentration of 301.56 ± 156.27 ng μL−1 in all samples
and the modified rapid protocol resulted in a mean DNA
concentration of 498.61 ± 184.63 ng μL−1 in all samples,
respectively.

In most cases, the fluorimetric assessment of the samples
(Fig. 2; supplementary Table S4, supplementary material on-
line) with the best absorbance ratios indicated a slightly higher
mean DNA concentration (CQ—supplementary Table S4,
supplementary material online) than spectrophotometry (C—
supplementary Table S2, supplementary material online).

However, it has likewise confirmed that the DNeasy Plant
kit was the least efficient. It resulted in mean DNA concentra-
tion (CQ) of 19.22 ± 8.89 ng μL−1 across the species, com-
pared to the overall mean spectrophotometric result (C,
18.17 ± 3.66 ng μL−1). The phenol:chloroform method,
slightly more efficient than the previous one, allowed samples
to be obtained with a mean DNA concentration (CQ) of 88 ±
51.45 ng μL−1 across the species, compared to the overall
mean spectrophotometric result (C, 68.88 ± 36.19 ng μL−1).
The second spin column kit, DNeasy Blood & Tissue, yielded
samples with a mean DNA concentration (CQ) of 327.67 ±
3.79 ngμL−1 across the species, compared to the overall mean
spectrophotometric result (C, 218.22 ± 57.35 ng μL−1). While
traditional CTAB-based protocol resulted in samples with a
mean DNA concentration (CQ) of 330 ± 179.92 ng μL−1

across the species, compared to the overall mean spectropho-
tometric result (C, 364.67 ± 184.17 ng μL−1), the modified
CTAB-based method, the most efficient according to fluori-
metric results, yielded samples with a mean DNA concentra-
tion of 368.67 ± 42.00 ng μL−1 across the species, compared
to the overall mean spectrophotometric result (C, 329.37 ±
81.52 ng μL−1).

The spectrophotometric method does not allow to deter-
mine whether the material is degraded or not and whether
the sample is contaminated (Psifidi et al . 2015).
Meanwhile, the fluorimeter measures the concentration of
an intact (undenatured and not fragmented), double-
stranded DNA. Discordance between these two methods
(Fig. 2) was to be expected, since similar findings have
been reported (O’Neill et al. 2011; Nakayama et al. 2016;
Hussing et al. 2018). Results obtained herein further sup-
port discrepancy between spectrophotometry and fluorim-
etry. However, contradictory evidence has been provided as
well (Haque et al. 2003; Foley et al. 2011). Notwithstanding
this, it is assumed that the optimal workflow for quality
assessment is to control the presence of potential contami-
nants with a spectrophotometer (NanoPhotometer) and sub-
sequently to quantify double-stranded DNA with a fluo-
rometer (Qubit) (Simbolo et al. 2013). Applying both si-
multaneously certainly provides more accurate information
about the examined sample than any method separately.
Therefore, we recommend this approach, especially in the
case of de novo genome sequencing.

The CTAB methods (both traditional and simplified) gave
the best results in terms of DNA integrity and concentration.
This has been proven not only through the assessment of the
spectrophotometry and fluorimetry results (Figs. 1 and 2; sup-
plementary graph S3, supplementary material online) but also
by standard electrophoresis of the samples (Fig. 3). The rapid
CTAB-based method presented provides a considerable im-
provement over the previously described protocols of DNA
extraction from Euglena species. Whereas methods using
commercial spin column kits allowed much smaller DNA
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Fig. 2 Mean values of the DNA concentrat ion measured
spectrophotometrically (NP80, Implen; dark gray) and fluorimetrically
(Qubit 3.0, Thermo Scientific; light gray) across samples with the best
A260/280 and A260/230 ratios from all species together for five methods
tested. Bars represent mean values of illustrated parameters and whiskers
represent standard deviation (SD). Measurements were taken twice for
each sample (n = 3)



amounts to be obtained, they remained clean and rather intact.
A common problem encountered during the isolation with
spin column kits is the insufficient quantity of DNA in the
final sample. Therefore, the whole extraction should be per-
formed in several repetitions, and/or the material ought to be
pooled together (further concentrated). A major drawback to
this procedure is the possible deterioration of the sample qual-
ity due to further precipitation and resuspension steps.
According to the results obtained in this study, none of the
evaluated extraction kits allowed the amount of DNA needed
for NGS applications to be isolated. However, it is worth
mentioning that the DNeasy Blood & Tissue kit proved to
be significantly more efficient than the DNeasy Plant kit
(Figs. 1 and 3; supplementary graph S3, supplementary
material online). This one turned out to be the worst performer
across the methods evaluated in this study. On the other hand,
phenol:chloroform isolation produced the most sheared and
poor-quality DNA, which is definitely not suitable for NGS
applications (Fig. 3).

According to the above results, two samples obtained with
the modified CTAB-based protocol, one of E. hiemalis and
one of E. longa, respectively, were chosen and further subject-
ed for library preparation followed by high-throughput se-
quencing. The reason behind the decision to exclusively use
the DNA isolated with the modified CTAB-based method for
high-throughput sequencing, without including isolates deriv-
ing from other methods, was mainly based on the satisfactory
parameters of the DNA integrity and purity, but also the sub-
stantially higher yield, compared to, e.g., DNeasy Blood &
Tissue method. As mentioned previously, the nuclear ge-
nomes of euglenids are unexpectedly large and complex, for
single-celled organisms. Therefore, it was necessary to obtain
a highly concentrated DNA template to ensure sufficient cov-
erage of reads for assembled genome sequences.

High-throughput sequencing quality

The genomic DNA samples were transferred to the external
company (Genomed, Warsaw, Poland) for library preparation
and sequencing using the Illumina HiSeq 4000 platform.
Samples successfully passed standard quality control mea-
sures, which require high molecular weight of genomic
DNA, purity of polysaccharide as well as RNA and protein
contamination, and an A260/280 ratio ranging between 1.8
and 2.2.

The E. hiemalis sequencing library produced over
240,000,000 reads, whereas E. longa—more than
300,000,000 reads of a very good quality, both confirmed with
the FastQC analysis (Fig. 4). In either case, the average value
of PHRED quality scores (for Illumina 1.9 encoding) across
bases in the reads ranged between 32 and 40, with the majority
of the nucleotides expressing the highest score (Fig. 4, blue
line indicates average score values).

For enzymatic reactions, such as PCR, the demands regard-
ing DNAmaterial condition are less strict those for NGS stan-
dard libraries preparations. High-throughput sequencing re-
quires DNA not only in large amounts but also in very good
quality, meaning lack of organic/inorganic contamination.
Columnmethods can be ineffective in such applications, since
usually each step involves washing or filtering. This supple-
mentary caution is certainly welcome; however, it may de-
crease the final DNA extraction yield (Healey et al. 2014).
In the case ofE. hiemalis and E. longa, it proves to be a serious
problem, and without a more effective protocol of DNA iso-
lation, it would eventually be impossible to obtain a fine se-
quencing library.

It has been previously discussed elsewhere that the DNA of
both high concentration and quality is more stable and de-
grades more slowly, even when stored for a longer period of
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Fig. 3 Evaluation of DNA integrity. Agarose gel (1.5% v/w)
electrophoresis of DNA of euglenids extracted by five methods. EGZ—
E. gracilis; HIE—E. hiemalis, LNG—E. longa, M—molecular weight
marker GeneRuler 1kb Plus (Thermo Scientific). In order to compare the

performance of different DNA extraction methods, the same volume of
samples with different concentrations was applied (5 μL per lane). The
spectrophotometrically/fluorimetrically assessed concentrations of the
samples are listed in supplementary tables S2 (bold) and S4



time (Psifidi et al. 2015). Eventually, this supports extra future
NGS runs (when more data is needed), since it is better to
carry out sequencing using the isolates from the same extrac-
tion course to eliminate potential bias and save time for addi-
tional laborious laboratory exercise.

The method of isolation is crucial for particular experimen-
tal design and the modified CTAB-based protocol presented
proved to be efficient for whole genome NGS library con-
struction and then sequencing. Isolation has been effective in
both phototrophic and non-phototrophic species; therefore,
we believe it can be universally applied. This is particularly
important due to certain differences in the cell wall composi-
tion across the euglenids—especially the spatial structure of
the pellicle and the amount or distribution of mucus, as well as
the presence or absence of photosynthetic dyes and secondary
metabolites.

Conclusions

In this study, a comparison between five various procedures of
DNA extraction for whole genome sequencing of euglenids
was conducted. So far, no such analyses for Euglena species
have been carried out. In the era of growing interest in the
genomics of algae, the results presented herein are of high
practical significance. An efficient, fast, and reliable proce-
dure grounded on a modified CTAB-based isolation protocol

was proposed as the most suitable method of extracting
euglenids NGS-suitable genomic DNA.

Furthermore, an efficient Euglena culture purification
method was proposed herein. The use of discs impregnated
with cefotaxime and vancomycin, respectively, together with
amphotericin B, allowed the axenic strains to be established.
The described experimental approach was aimed at maintain-
ing the euglenids cells in the best possible condition with
simultaneous elimination of bacterial and fungal contami-
nants. The culture purification step performed prior to the
sequencing was crucial for the de novo genome sequencing
and assembly. Subsequent passages did not show the presence
of any other organisms in the cultures purified with the devel-
oped method. Therefore, the methodology described is effec-
tive and can be successfully applied for other euglenids.
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