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The purpose of research was to analyze 10 developed at the Institute of Cell Biology and Genetic
Engineering lines of rapeseed to confirm the presence and functionality of the transferred transgene CP4
epsps, as well as the differences among those lines from registered transformation events GT73 and GT200
(Monsanto).

During the study extraction of total rapeseed DNA, PCR analysis, electrophoretic separation and visuali-
zation of amplicons in agarose gel were conducted, as well as testing of green plants for resistance to
glyphosate in greenhouse. The structural difference among 7 transgenic lines from registered transfor-
mation events GT73 and GT200 was revealed. Plants showing the presence of synthetic CP4 epsps
sequence were resistant to the herbicide in a closed soil. The uniqueness of the obtained transformation

events was confirmed, as well as the prospect of using them in breeding.
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Taking into account an importance of
rapeseed as agricultural crop, creation of new
transgenic lines with improved properties is
a timely task. Rapeseed (Brassica napus L.)
is one of the most important oilseed crops.
Rape oil is on the third place after palm oil and
soybean oil on a scale of world production, and
by import and export scales it takes the fourth
place. Rape oil processing products have their
use at food, medical, chemical, paint, fuel,
printing, textile, metallurgy, machinery
industries. The percentage of vegetable-based
fuel derived from rape oil is 5.8% of the total
scale, and till 2015 this index can increase
to 8% . Rape oil meal after oil removing is a
valuable component of cattle feed, because
it contents about 32% of protein, 9% of fat,
30% of nonnitrogenous extractive substances.
Digestive coefficient of those compounds is
achieving to 70% . Green plant biomass also
fits to be cattle feed starting from the middle
spring.

Rapeseed is an important nectariferous
plant too. During the flowering period honey
production is about 80 kg from 1 hectare.
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Rapeseed is an optimal predecessor for cereal
crops, because it improves the phytosanitary
conditions of soil. Rapeseed biomass during its
decomposition is producing glycosinolates —
sulfuric compounds reducing weakness of
following crops to fusariosis, black spot,
septospyrosis and bacterial stem diseases [1].

Up to 2012 the leaders of world rapeseed
production were China, Canada, European
Union, India and United States [2].

The great importance of rapeseed as an
agricultural crop stimulates for developing
the new transgenic lines — as with changed
biochemical characteristics, also with added
mechanisms of resistance to multiple biotic and
abiotic factors. In other way, the development
of new methods for detection of transgenic
sequences in plant material is no doubt an
important direction.

Herbicides used to struggle the weeds in
crop fields treatment, significantly harm to
agricultural plants. Consequently the priority
task is the development of rapeseed lines,
resistant to herbicides, as an example — to
glyphosate. Two lines with same resistance
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were developed and commercialized by
Monsanto Company. Now they are known
as GT73 (RT73) and GT200. These lines
were obtained by Agrobacterium-mediated
transformation of B. napus cultivar Westar
with vectors pMON17327 and pMON17209
correspondingly. The vectors contained
the sequences encoding such enzymes as
5-enolpyruvylshikimate-3-phosphate synthase
(epsps gene taken from Agrobacterium
tumefaciens strain CP4) and glyphosate
oxidase (gox gene taken from Ochrobacterium
anthropi) [3].

In transformation event MON-0OO®73-7,
also known as GT73 and RT73 [4], the
synthetic CP4 epsps gene is associated with
regulatory sequences: 35S promoter taken
from cauliflower mosaic virus (P-CmoVb),
3'-end of rbcS E9 gene taken from pea (E9 3')
as terminator, and sequence of chloroplast
signal AEPSPS/CTP2, which directs a newly
synthesized polypeptide to higher plant’s
chloroplasts. The expression of gox gene is
controlled by the similar sequences.

The T-DNA of transformation event GT200
had the resembling structural plan, differing
in chloroplast signal peptide sequence only —
for this purpose the AEPSPS/CTP1 was used
[3, 5].

Methods for rapeseed transformation were
formerly developed and adapted at the Institute
of Cell Biology and Genetic Engineering of
the National Academy of Sciences of Ukraine
[6]. Basing to this technology rapeseed
transformation with a construct, containing
synthetic CP4 epsps gene, was carried out.
Eventually some potentially tolerant to
glyphosate transgenic lines were regenerated
[7, 8].

The purpose of our work was to analyze
comparatively transgenic rapeseed lines
T,15/133/2/9, T,15/133/2/3,T;15/133/2/10,
T,15/133/5, T,17/133/4, 18a/2, 18b/25, and
to confirm the difference among these lines
from the registered transformation events
GT73 and GT200 (Monsanto).

Materials and Methods

Plant material. The particular genetic
constructs with CP4 epsps gene giving
resistance to glyphosate in model Nicotiana
tabacum plants were developed at the Institute
of Cell Biology and Genetic Engineering of
NAS of Ukraine.

Genetic construct pCB133, developed
at the Institute of Cell Biology and Genetic
Engineering of NAS of Ukraine, was used

to transform the spring rapeseed plants.
The construct consisted of the following
sequences: Tnos — nopaline synthase gene
terminator, Pnos — nopaline synthase gene
promoter, P35S — cauliflower mosaic virus
gene promoter, Tocs — octopine synthase gene
terminator, TP — transit peptide, epsps —
5-enolpyruvylshikimate-3-phosphate synthase
synthetic gene, bar — phosphinothricin
acetyl transpherase gene as selective one [7,
8]. Transformational frequency for the basic
procedure reached 8—9% [6].

For the current study transgenic lines
showing 3:1 mendelian segregation after
self-pollination were taken on the basis of
resistance to the selective agent, indicating
that the gene insertion is a single copy [6—10].

For the analysis, leaf explants taken from
3-week old B. napus plants [7, 8], raised in
vitro on MS medium [9] were used. A referent
sample of rapeseed DNA with transformation
event GT73 was used as a positive control in
PCR tests[11].

Extraction of plant DNA was carried out
according to the procedure [12, 13] using
CTAB buffer (20 g/1 CTAB (Serva), 1.4
M NaCl (Alfarus), 0.1 M Tris-HCI pH 8.0
(Merck), 20 MM Na,EDTA (Serva), 1,4 nl/ml
B-mercaptoethanol (Sigma-Aldrich)), with
following extraction of total proteins by
chloroform:isoamyl alcohol (24:1) mixture,
RNase A (Thermo Scientific) hydrolysis,
dissolving of nucleic acids, and, finally,
washing with 70% ethanol. The DNA sediment
was diluted in 50 pl of TE buffer pH 8.0.

Evaluation of DNA purity. The fractionation
of purified total DNA was confirmed by
electrophoresis in 0.8% agarose gel with TBE
buffer. The concentration of DNA in solution
was determined spectrophotometrically
by measuring the absorption of UV light
at a wavelength of 260 nm (Ayg,) on
BioPhotometer v. 1.35 (Eppendorf). The purity
of DNA was evaluated by the ratio Aygy/Aas
and Aygo/Aggo-

The DNA concentration for all samples was
normalized to 30 png/ml with TE buffer.

Polymerase chain reaction (PCR) was
conducted using Microcycler Personal
thermocycler (Eppendorf). Reaction mixture
(20 pl) contained 13.9 ul of sterile deionized
water, 2 ul of 2 M dNTP (Thermo Scientific),
2 pl of 10-fold DreamTaq Green amplification
buffer, 0.5 pl of 10 mM forward and reverse
primers (Metabion), 0.1 ul of 5 u/pl DreamTaq™
DNA polymerase (Thermo Scientific). The
characteristics of all primers used in our
research are presented in a table below.
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The primary PCR reaction was targeted
to detect cruA gene sequence, encoding the
B. napus reserve protein cruciferin A (GenBank
accession X14555) [14]. The following
reactions were directed to detect CP4 epsps
sequences (GenBank accession JF445290)[15],
GT73 and GT200 events.

The amplification program for cruciferin
A gene sequence was: primary denaturation —
at 94 °C for 4 min; 35 cycles: 94 °C for 30 s,
55 °C for 30 s, 72 °C for 16 s; final elonga-
tion — at 72 °C for 10 min, with following
cooling to 22 °C.

The amplification program for GTT73
sequence was: primary denaturation — at
94 °C for 4 min; 35 cycles: 94 °C for 30 s, 57 °C
for 30 s, 72 °C for 30 s; final elongation — at
72 °C for 10 min, with following cooling to
22 °C.

The amplification program for GT200
sequence was: primary denaturation — at
94 °C for 4 min; 35 cycles: 94 °C for 30 s, 57 °C
for 30 s, 72 °C for 17 s; final elongation — at
72 °C for 10 min, with following cooling to
22 °C.

The amplification program for CP4 epsps
sequence was: primary denaturation — at
94 °C for 4 min; 35 cycles: 94 °C for 30 s, 59 °C
for 30 s, 72 °C for 32 s; final elongation — at
72 °C for 10 min, with following cooling to
22 °C.

Agarose gel electrophoresis. PCR products
were loaded into 1.2% agarose gel (MO BIO
Laboratories) in TBE buffer with 5 pg/ml of
ethidium bromide, with following separation
at 5 V/em for 45 min. The images of gels were
taken in UV light using mLKB Bromma 2011
Macrovue Transilluminator with the digital
camera Canon EOS 600D. The visual documents
of electrophoresis were processed with the
raster graphical redactor GIMP, additionally
using Microsoft PowerPoint.

Glyphosate-tolerance testing. Spraying
of 3-week old adapted plants was provided

in a closed soil with «Hurricane Forte 500
SL, v.p.k.» commercially available herbicide
(Syngenta). The concentration of its active
component, potassium salt of glyphosate
was 500 g/1. Plant treatment was processed
with 2.5 ng/1 working solution of glyphosate
according to the producer’s recommendations.
The effect of treatment was evaluated in one
week.

Results and Discussion

Young rapeseed leaves, taken from
3-week old rapeseed transgenic plants for
lines 18a/2 (sample 4), 18b/25 (sample 8)
[7], T415/133/2/9 (sample 1), Ty,15/133/2/3
(sample 2), T;15/133/2/10 (sample 5),
Ty15/133/5 (sample 6), Ty17/133/4 (sample
9) [8], T412b (sample 10) [10], Bn12 (cultivar
Mariya, sample 3), Bnl5 (cultivar Exgold,
sample 7), were used for the extraction of
DNA. The quality of purified total DNA was
determined with spectrophotometer.

Measurements showed that total DNA
concentration in the samples fluctuated from
38.0 ng/ml (T415/133/2/3) to 362.8 png/ml
(Ty15/133/5), and the quantity varied from 1.9
ng (T,15/133/2/3) to 18.14 pg (Ty15/133/5).

The correlations Aygy/Aggo and Aygo/Asso
showed the purity of DNA solutions was quite
acceptable. Samples 2, 3, 7, and 10 showed
some partial contamination of preparations of
nucleic acids with proteins.

The pilot polymerase chain reaction was
conducted for the evaluation of DNA quality
with the purpose to determine cruA referent
gene, which is known to be responsible for
cruciferin A synthesis.

All analyzed samples showed the presence
of a fragment, equal to the expected amplicon
with all its characteristics (258 b.p. — Fig. 1).

The next stage of molecular genetic
research was to confirm the presence of
transferred CP4 epsps transgene in the DNA

Specifications of primers used in PCR

Name Gene/event Sequence lgllgi)llll,cl?. 111) Reference
cruMPF1 cruA 5 — TGGCT AAAGG TACGT GAATC TG — 3’ 258 [14]
cruMPR1 cruA 5" — CTCTC CCCAT AAGAC CTTCT CC — 3’ 258 [14]

GT1F GT73 5 — TGAAC TTTCC TTTAT GTAAT TTTCC AGAA — 3’ 522 [4]

GT1R GT73 5 — GCTAA TACGA AGGCA AGAAA AGGA — 3’ 522 [4]
4EPSPSF GT200 5" — CAACG CAAAT CTCCC TTATC GG — 3’ 274 [5]
4EPSPSR GT200 5" — GACCT CCAAA CATGA AGGACCT — 3’ 274 [5]

epsF CP4 epsps 5" — CAATA CGGGC AAGGC CATGC — 3’ 488 [15]
epsR CP4 epsps 5" — CGACG CCGAT CACCT ACCGC — 3’ 488 [15]
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Fig. 1. Electrophoregramm of the amplification
products, directed to indicate cruA gene:
Lanes 1-10, DNA samples extracted from lines
1-10, respectively; C — negative control, TE buf-
fer; M — molecular weight marker GeneRuler™
DNA Ladder Mix. An arrow shows the location of
expected product and its length

of the studied lines. The DNA of transgenic
Zea mays GA21 line was used as the positive
control. In transgenic lines T,15/133/2/9,
T,15/133/2/3, T,15/133/2/10, T,15/133/5,
T,17/133/4, 18a/2 the presence of the
expected fragment with the length of 488 b.p.
was noted (Fig. 2).

An arrow indicates the location of expected
product and its length in b.p.

The next step was to confirm the difference
between the inspected transgenic lines and
registered transformation events GT73
together with GT200 developed by Monsanto
Company.

Fragment with the length of 522 b.p. was
not indicated in gel, which is pointing to the
structural difference between the analyzed
rapeseed lines and the transformation event
GT73, developed by Monsanto Company
(Fig. 3).

A DNA fragment with the length of 274
b.p. was not detected in agarose gel during
the analysis of the samples for their possible

488 | miww w— . w—

similarity to the transformation event
GT200 (the data is not shown). That testified
about the non-similarity of analyzed lines to
abovementioned transformation event.

Presence of the small-weight DNA
fragments could be observed in both cases,
pointing on the mutual activity of primers,
which is usually typical for PCR.

Thus, the molecular genetic research
had confirmed the uniqueness of the
developed at the Institute of Cell Biology
and Genetic Engineering of NAS of Ukraine
glyphosate-tolerant rapeseed lines. The lines
T,15/133/2/9, T,15/133/2/3,T;15/133/2/10,
Ty,15/133/5, T;,17/133/4, 18a/2 showed
the presence of CP4 epsps transgene in their
genome. The difference among analyzed lines
from registered foreign transformation events
GT73 and GT200 had been proved.

The testing of transgenic plants for the
resistance to glyphosate was conducted
in greenhouse (Fig. 4). We revealed that
transgenic plants remained green and
vegetating, at the same time as control plants
were turning yellowish and withering. That
experimental data remained reliable during all
time of observation.

Consequently this transgenic status
of analyzed rapeseed plants was revealed.
Structural difference between the analyzed
lines T,15/133/2/9, T,15/133/2/3,
T,15/133/2/10, T,15/133/5, T,17/133/4,
18a/2 and the registered in European
Union transformation events GT73, GT200
(Monsanto) was reliably proved. The expression
of tolerance to «Hurricane Forte 500 SL, v. p. k.»
herbicide, containing 2,5 ng/1 potassium salt
of glyphosate, was detected in greenhouse. For
the purpose of future research we consider to
evaluate the tolerance level of selected lines
in opened soil, and to use the best forms for
breeding work.

Fig. 2. Electrophoregramm of the amplification products to indicate the presence of CP4 epsps gene.
Lanes 1-10, DNA samples extracted from lines 1-10, respectively; +C — positive control Z. mays GA21;
—C — negative control, TE buffer; M — molecular weight marker GeneRuler™ DNA Ladder Mix
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Fig. 3. Electrophoregramm of the amplification products, directed to indicate GT73 transformation event:
Lanes 1-10, DNA samples of lines 1—10, respectively; +C — positive control; —C — negative control, TE buffer;
M — molecular weight marker GeneRuler™ DNA Ladder Mix. Unmarked tracks were left empty on purpose as

the buffer zone.

An arrow shows the location of the expected product and its length

Fig. 4. The testing of rapeseed plants to glypho-
sate tolerance in greenhouse:
the plants of non-transformed original Obriy
cultivar (Bn18, on the left) and obtained on its base
transgenic line 18a (on the right) after the spraying
with «Hurricane Forte 500 SL, v.p.k.» herbicide
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IIOPIBHAJBHUN MOJIEKY JIAPHO-
TEHETUYHUM AHAJII3 MI:K
YKPATHCBKUMHU TA 3APEECTPO-
BAHHUMH B €C I'JII®OCAT-
TOJIEPAHTHUMHU TPAHCTEHHUMHU
POCJIMHAMM PITIAKY
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MeTroio pochim:keHHsa OyJgo 3AificHeHHS
aHauisy 10 sminiii pimaky, cTBopeHux B IHCTHUTYTL
KiaiTuHHOI Giosorii Ta remerumuHOi iHiKeHepii
HAH Vxkpaiuu, nad DiATBepAKeHHS HaABHOCTIL
Ta (PYHKI[IOHAJLHOCTI IIepeHeceHoTro TpaHCreHa
CP4 epsps, a Takok BimMinHOCTI nux JiHiA Bix
3apeecTpoBaHUX TpaHchopmalifinux mogiit GT73
i GT200 (Monsanto).

IIpoBeneno Bumisenus 3araabuoi JIHK pinaky,
aHaJIi3 MeTOoIOM IIOJIiMepadHOI JaHITIOTOBOI
peakIiii, exexTpodopeTuyHe pPO3JIijJeHHA Ta
BisyaJisalliro aMILTIiKOHIB y araposHoMy reJii, a
TaKOYK TECTYBaHHA 3eJIeHUX POCJUH Ha CTiHKicThb
Io ruaidocaTy B ymMoBax Tenjaulli. BuaBieHo
CTPYKTYPHY BiAMiHHiCTH 7 TPAHCTeHHUX JIiHIiN Bif
3apeecTpoBanux TpaHchopmamiitaux moxit GT73
ta GT200. ¥V pociuH, AKi MiCTHIN CUHTETUUYHY
nocaimoBuicTs CP4 epsps BigsdHaueHO CTifKicTh
Io Tepbimuay s3a yMOB 3aKPUTOTO TI'PYHTY.
IligTBepAKeHO YHiKaJIbHICTH HOBOOTPUMAHUX
TpaHchopMaifHUX NOAIN i MePCIEeKTUBHICTD 1X
BUKOPUCTAHHS B CeJIEKIIMHiHA poboTi.

Knawuosi cnoea: pinak, riigocar, reHeTHYHA
Tpancdopmailis, reu CP4 epsps.

CPABHUTEJIBHBIN MOJIEKY JIIPHO-
TEHETUYECKHUUN AHAJIN3 MEKY
YKPAMHCKUMH U
SAPETUCTPUPOBAHHBIMU B EC
I IN®OCAT-TOJJEPAHTHBIMUA
TPAHCI'EHHBIMH PACTEHUAMMN PAIICA
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ITenwio nccienqoBaHMA OBIJIO OCYII[ECTBICHUE
anaausa 10 guHMii pamnca, co3faHHbIX B THCTUTYTE
KJIETOYHOII OMOJIOTUY 1 TeHeTUUECKON NHIKeHePUU
HAH VYipauHbl, C IIeJbI0 IIOATBEPKIAEHUS
MPUCYTCTBUA W (QYHKIHUOHAJIBHOCTHU
nepeHeceHHoro TpaHcreHa CP4 epsps, a Takixke
OTJINYUS dTUX JUHUN OT 3aperucTPUPOBAHHBIX
TpaHchopmanmoHubix coosiTuiit GT73 u GT200
(Monsanto).

ITpoBenensn: Brigenenue obmieir [JTHK pamnca,
aHaJM3 MEeTONOM IIOJUMEepa3HON IleIHOM
pearknuu, sJeKTpodopeTUUecKoe pasjesieHue
¥ BU3yaJu3alua aMOJIUKOHOB B arapo3HOM
reje, a TaKKe TECTUPOBAHUE 3eJIEHbIX PACTEeHUMN
Ha yCTOMUYMBOCTH K ramdocaTy B YCIOBUSAX
TeNJuIlbl. BRIABIEHO CTPYKTYPHOE oTuume 7
TPAHCTeHHBIX JUHUN OT 3aperuCTPUPOBAHHBIX
TpaHchopmannonHbIx coobiTuit GT73 u GT200.
Y pacrenuii, comep:KaBIIUX CUHTETUUYECKYIO
nmocyuenoBartensHoctb CP4 epsps, ormeueHa
YCTOMUYMBOCTh K TIepOUIUAY B YCIOBUAX
3aKkpbITOro rpyHTa. IlogTBepsKaeHa YHUKAIbHOCTD
BHOBb IIOJIYUEHHBIX TpaHCHPOPMAIIMOHHBIX
COOBITUI U TTEPCIEKTUBHOCTh UX HUCIIOJIb30BAHUA
B CeJIEKIIMOHHOIT pabore.

Knwuesve cnosa: pamc, ramdocar, reHeruye-
ckas TpaHchopmarnus, ren CP4 epsps.
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