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Work objective is selection of the total
DNA extraction techniques and total RNA
extraction method from transgenic sugar
beet plants and optimization of incubation
temperatureparameters inRNAextraction
usingphenol.

Materials and methods of research.In
this paper we used sugar beet plants that
containanonymousgeneticstructureofthe
resistance gene to broad-spectrum herbi-
cide Roundup, which active ingredient is
glyphosate.

DNAisolationwasperformedwithusage
of cationic detergent CTAB (cetyltrimeth-
ylammoniumbromide)bytwomethods[3,
4]. The main steps of DNA isolation from
plantsampleswaslysisofthecellmembranes
inthepresenceofsalinebuffer,proteinpuri-
ficationofDNAfromthechloroform-isoam-
yl alcohol mixture and precipitation of the
nucleic acid with alcohol solution. Used in
work methods differ in composition of the
lysisbuffer,numberofextractionstagesand
durationofincubationduringDNAprecipi-
tation[5,8,9].

Foreword. The latest agricultural tech-
nologiesthatusegeneticallymodifiedorgan-
isms(GMOs),istheresultnotonlyofrapid
development of genetic engineering tech-
niques,butalsoofproperstudyoftheuseful
traits inheritance problem and characteris-
ticsofthetransferredgenesexpression[2].
Itisimportanttosearchfornewapproaches
to the GMO’s monitoring with usage of
molecular genetic techniques that many
timesacceleratetheprocessofcreatingand
controlling the usage of transgenic plants.
To evaluate the expression of introduced
genesthroughtheusageofPCRwithreverse
transcription(RT-PCR),becauseoftheexis-
tence of certain structures in the plants’
DNA is not enough to draw conclusions
about the effectiveness of the introduced
genes[1].

Inparticular, the stabilityof thegenetic
structuresinthegenomeoftransgenicsugar
beetplantsand theirexpression isnotwell
understood,sofindingouttheeffectiveness
oftransgenesdisplayinginsugarbeetplants
isrelevant.
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ethidium bromide under ultraviolet light
withawavelengthof321nm[1].

During the process of the total RNA
extractionfromtransgenicsugarbeetplants
two approaches were used: RNA extraction
methodwithusageofphenolwithmulti-tem-
peratureincubationandreagentkitforthe
RNAextractionwithsorbent.

RNA extraction using phenol. In this
paper, a set of Trizol RNA Prep 100 (LLP
"Laboratory Izohen", Russian Federation)
reagents was used. The procedure for the
RNAextractionbythismethodconsistsofthe
followingstages:cell lysis in thepresenceof
guanidinium thiocyanate and phenol, RNA
purificationfromproteinandphenolchloro-
form and precipitation of nucleic acid with
isopropyl alcohol. Historical [6, 7, 10, 11]
using of Trizol reagent different incubation
temperaturesareused:60°C,roomtempera-
tureand4°C.Plantmaterialwithweight100
mgweretrituratedinacooledonicemortar
in the presence of 1 ml Trizol-reagent. The
resulting homogenate was transferred into
Eppendorftubesandincubatedatindicated
temperatures for 5 min., with further addi-
tionof200mlofchloroformandincubated
for 5 min. at 4°C. The resulting suspension
wascentrifuged5minat14,000rev/min.To
the supernatant was added to a double vol-
umeofisopropylalcohol.Theresultingmix-
turewaskeptat -20°Cfor30min.withfur-
thercentrifugationfor15min.at14,000rev/
min. The precipitate was washed with 75%
ethanol solutionandpredryedfor3min.at
65°C.AsthesolventEkstraGenEreagentwas
used,whichwaspartoftheset.

RNAextractionusingsorbent.With the
implementationofthisapproachtothetotal
RNA extraction through the usage of the
reagentssetforRNAectraction"Ribo-sorb»
(LLC«InterLabservis",RussianFederation).
According to the manufacturer's instruc-
tions, the process of RNA extraction from
plantmaterialusingsorbentconsistsof the
following steps: lysis of cell membranes,

Themethodisoptimizedinthelaborato-
ry of advanced agricultural biotechnology
ISBUAAN.Frozenplantmaterial ina frag-
mentofleaflamina(500mg)wastriturated
with 0.6 ml of lysis solution, placed in
Eppendorf tubes and incubated for 1 h at
60°C. To the mixture an equal volume of
hloform-isoamyl alcohol (24:1) was added
withfurthercentrifugationat11,000g, the
secondmaterialcleaningwithamixtureof
chloroform-isoamyl alcohol was made. For
the DNA precipitation chilled isopropyl
alcoholwasusedinaratioof1:0.6andincu-
batedfor20min.(18-20°C).Precipitatewas
washedwith96%ethanolsolutionanddried
atatemperature18-20°C,andthenDNAwas
dissolvedin50mlofTEbuffer[4].

Methods of J. Draper et al.Frozensamples
of plant material (500 mg) were triturated
and transferred into the Eppendorf test
tube,500mlof2°CTAB(96°C)and10mlof
mercaptoethanolwereadded.Sampleswere
incubatedfor20min.at56°Candcooledto
18-20°C.Anequalvolumeofchloroform-iso-
amylalcohol(24:1)wasaddedandfurther
centrifugationat11,000gwasmade.Tothe
resulting supernatant 0.1 volume of 10%
CTAB(56°C)wasadded,inadditionclean-
ingwithchloroformwasmade.To thecol-
lected aqueous phase was added an equal
volumeof1%CTABandsolutionwasincu-
batedfor20-30min.at18-20°C.Precipitate
obtainedwithcentrifugationwasdissolved
in400mlof1MNaCl.Totheresultingsolu-
tionadoublevolumeofchilled96%etha-
nol was added and left for the night at
-20°C. Precipitation was made by centrifu-
gationfor2min.at9000g.Precipitatewas
washed with 65% and 85% solutions of
ethanol three times for 1 min. Precipitate
waspredryedanddissolvedin50mlofTE
buffer[3].

For the quality estimation of obtained
DNAfromtransgenicsugarbeetplantselec-
trophoresiswasperformedin2.5%agarose
gel at a voltage of 150 V for 30 min. with
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alsomuchlesstimefortheentireprocedure,
while the method [3] provides overnight
DNAprecipitation,whichsignificantlyslows
down the process and makes this method
less appropriate for DNA isolation from
sugarbeet.

For quantitative and qualitative assess-
ment of RNA preparations that were
obtained by phenol extraction as part of
TrizolreagentandRNAextractionmethod
in the presence of silica sorbent salt buffer
concentration and purity of total RNA was
measured(tabl.).

Basedonthedatapresentedinthetable,
the highest number of total RNA was
obtained using phenol extraction (500-900
mg/ml),thevalueofpuritywaswithina1.0
to1.6.Concentrationof theobtainedRNA
using sorbent was 40–70 mg/ml, and the
rate of purity was 1,8–2,0. Also, the results
indicatethatthetemperatureofincubation
duringtheRNAextractionfromsugarbeet
plants with phenolic method affects the
yieldandpurityofnucleicacids.Thus, the
concentration of total RNA obtained by
incubation at 60°C and 24°C doesn’t have
significantdifferenceandisintherangeof
500–1200 mg/ml. A high concentration
observedforthevariantwithatemperature
of 4°C – 450–800 mg/ml. However, if we
comparethepurityofRNApreparations,it
can be noted that the smallest impurities
contained in the version of the incubation
temperature 60°C (purity value is in the
range1.2-1.6),whereasintheothertwocases
it ranges from 1.0 to 1.2, indicating a high

RNAadsorptiononsilicatesorbentatacer-
tainpHandinthepresenceofsalinebuffer,
RNA washing from proteins and phenolic
compounds alcohol solutions, sorbent
removal and RNA dissolution in buffer.
Assessment of the quantity and quality of
total RNA was performed using a spectro-
photometer[1].

Results. EvaluationoftheDNAprepara-
tions and the optimal methods of DNA
extractionfromplantsamplesoftransgenic
sugarbeetplantswereperformedbyelectro-
phoreticseparationofDNAinagarosegels
with ethidium bromide under ultraviolet
light(fig.).

As a result of DNA fragments’ electro-
phoreticseparation,itwasfoundthatelect-
ed techniques are effective for the DNA
extractionfromtransgenicsugarbeetplants.
Atthesametime,bycomparingthequantity
andqualityofDNApreparationsinsamples
obtained by these methods, it is clear that
theusageofoptimizedmethodsinthelabo-
ratoryofadvancedagriculturalbiotechnolo-
gy ISB UAAN makes it possible to obtain
morehigh-purifiedDNAfromeachsample
insufficientquantityformolecularanalyzes,
including PCR in GMOs identification.
However, based on the electrophoregram
results,J.Draper’sandothermethodsallow
DNA obtaining in more quantity less
high-graded.AsshowninFig.,DNAismore
degraded,containsalotoflow-pieces,there
arealsoconsiderabledifferencesinthecon-
centrationofDNAofindividualsamples.An
important advantage of this method [4] is
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buffer. Assessment of the quantity and quality of total RNA was performed using a 

spectrophotometer [1]. 

Results. Evaluation of the DNA preparations and the optimal methods of DNA 

extraction from plant samples of transgenic sugar beet plants were performed by 

electrophoretic separation of DNA in agarose gels with ethidium bromide under 

ultraviolet light (fig.). 
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Fig. 1. Electrophoresis of DNA preparations: 2-7 - isolated DNA according to [4]; 

10-15 - isolated DNA according to [3] 
 

As a result of DNA fragments’ electrophoretic separation, it was found that 

elected techniques are effective for the DNA extraction from transgenic sugar beet 

plants. At the same time, by comparing the quantity and quality of DNA preparations 

in samples obtained by these methods, it is clear that the usage of optimized methods 

in the laboratory of advanced agricultural biotechnology ISB UAAN makes it 

possible to obtain more high-purified DNA from each sample in sufficient quantity 

for molecular analyzes, including PCR in GMOs identification. However, based on 

the electrophoregram results, J. Draper’s and other methods allow DNA obtaining in 

more quantity less high-graded. As shown in Fig. 1, DNA is more degraded, contains 

a lot of low-pieces, there are also considerable differences in the concentration of 

DNA of individual samples. An important advantage of this method [4] is also much 

less time for the entire procedure, while the method [3] provides overnight DNA 

precipitation, which significantly slows down the process and makes this method less 

appropriate for DNA isolation from sugar beet. 

For quantitative and qualitative assessment of RNA preparations that were 

obtained by phenol extraction as part of Trizol reagent and RNA extraction method in 

Fig. Electrophoresis of DNA preparations: 2-7 - isolated DNA according to [4]; 10-15 - isolated DNA 
according to [3]
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turalbiotechnologyISBUAANismoreeffec-
tive to highlight the total DNA from plant
materialoftransgenicsugarbeets,asitallows
toobtainahighlypurifiedDNAfromaligned
concentrationthatcanbeusedforamplifica-
tionreactionsordertoidentifyGMOs.These
datasuggestthatthemostappropriatemeth-
odofRNAextractionfromtransgenicsugar
beet plants is a method of RNA extraction
throughtheusageofphenolandincubation
temperature60°Cfor5min.Thus, thecon-
centrationandpurityof  theobtainedRNA
preparationsallowtheirusageinreversetran-
scription reaction and transgenes expres-
sion’sestimationinofsugarbeetplants.

contentofRNAinthesepreparationsofsub-
stancesthatcaninhibitthereversetranscrip-
tion reaction and affect the yield of cDNA.
It'sworthmentioningalsothatthepurityof
RNAduringtheextractionusingasorbentis
muchhigherthaninphenolextraction(1.5-
1.9), but its low concentration shows that
this method is less suitable for the RNA
extraction from sugar beet plants in the
transgenesexpression’sestimation.

   
Conclusions
 As a result of the research it was found

that the method of DNA extraction is opti-
mizedinthelaboratoryofadvancedagricul-
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the presence of silica sorbent salt buffer concentration and purity of total RNA was 

measured (tabl.). 

Table. The concentration and purity of studied RNA  

 

Phenol extraction method, temperature of incubation RNA extraction on a 
sorbent 

60°С 24°С 4°С conc. 
mg/ml 

purity 
260/280 conc. 

mg/ml 
purity 

260/280 
conc. 

mg/ml 
purity 

260/280 
conc. 

mg/ml 
purity 

260/280 
1. 555,5 1,68 510,3 1,02 871,1 1,06 64,5 1,53 
2. 831,7 1,24 648,0 1,17 782,7 1,00 45,0 1,96 
3. 635,9 1,57 783,7 1,03 655,4 1,10 62,0 1,84 
4. 1273,5 1,25 1356,9 1,13 458,2 0,86 61,1 1,64 
5. 959,0 1,43 809,9 1,19 689,4 0,96 64,8 1,72 

 

Based on the data presented in the table, the highest number of total RNA was 

obtained using phenol extraction (500-900 mg/ml), the value of purity was within a 

1.0 to 1.6. Concentration of the obtained RNA using sorbent was 40-70 mg/ml, and 

the rate of purity was 1,8-2,0. Also, the results indicate that the temperature of 

incubation during the RNA extraction from sugar beet plants with phenolic method 

affects the yield and purity of nucleic acids. Thus, the concentration of total RNA 

obtained by incubation at 60°C and 24°C doesn’t have significant difference and is in 

the range of 500-1200 mg/ml. A high concentration observed for the variant with a 

temperature of 4°C - 450-800 mg/ml. However, if we compare the purity of RNA 

preparations, it can be noted that the smallest impurities contained in the version of 

the incubation temperature 60°C (purity value is in the range 1.2-1.6), whereas in the 

other two cases it ranges from 1.0 to 1.2, indicating a high content of RNA in these 

preparations of substances that can inhibit the reverse transcription reaction and affect 

the yield of cDNA. It's worth mentioning also that the purity of RNA during the 

extraction using a sorbent is much higher than in phenol extraction (1.5-1.9), but its 

low concentration shows that this method is less suitable for the RNA extraction from 

sugar beet plants in the transgenes expression’s estimation. 

    Conclusions 

 As a result of the research it was found that the method of DNA extraction is 

optimized in the laboratory of advanced agricultural biotechnology ISB UAAN is 

Table. The concentration and purity of studied RNA
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Присяжнюк Л.М.  Підбір та оптимізація 
методик екстракції нуклеїнових кислот із 
трансгенних рослин цукрових буряків (Beta 
vulgaris L.) // Біоресурси і природокористування. 
– 2014. – 6, №5–6. – С.14 –18.

Наведено результати досліджень екстракції 
тотальної ДНК ЦТАБ-буферною системою та 
виділення сумарної РНК двома принципово різ-
ними способами – із застосуванням фенолу та 
за допомогою  сорбенту. Підібрано оптимальну 
методику екстракції ДНК, враховуючи кількіс-
ну і якісну оцінку препаратів нуклеїнових кис-
лот, отриманих із трансгенних рослин цукро-
вих буряків. 

АНОТАЦІЯ

Присяжнюк Л.М. Подбор и оптимизация 
методик экстракции нуклеиновых кислот из 
трансгенных растений сахарной свеклы (Beta 
vulgaris L.)// Биоресурсы и природопользование. 
– 2014. – 6, №5–6. – С.14 –18.

Показаны результаты исследований экс-
тракции тотальной ДНК ЦТАБ-буферной 
системой и выделение суммарной РНК двумя 
принципиально различными способами – с при-
менением фенола и с помощью сорбента. 
Подобрана оптимальная методика экстрак-
ции ДНК, учитывая качественную и количе-
ственную оценку препаратов нуклеиновых кис-
лот, полученных из трансгенных растений 
сахарной свеклы.
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