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Abstract

The objective of this study was the investigation of efficiency of Tobacco rattle
virus to express recombinant proteins in N. benthamianaa. In the first step we
produced a shorter version of the main vector. After addition of promotor and
coding sequence for GFP protein to both vectors, they were introduced into two
strains of Agrobacterium including LBA4404 and GV3101 and were inoculated
leaves of 4 to 6 weeks tobacco by them. At different times after inoculation,
inoculated plants were photographed to determine the expression of GFP protein
under UV irradiation. The parameters of the effect of type and size of vector,
bacterial type and time effect on the percentage of green fluorescent areas resulting
from the expression of GFP protein were investigated. In 6-week-old plants that
were injected with GPSpTRV2 (shortened) using LBA4404 strain was observed the
maximum amount of green leaf area GFP, which is approximately 1.6 times the area
of the green section was treated with the vector GPpTRV2 (not shortened) on the
twentieth day after injection. In the 4-week-old plants fed with LBA4404 strain, the
maximum number of green areas in GPSpTRV2-containing plants was obtained on
the 15th day, which is 1.4 times the maximum green area in GPpTRV2-containing
plants in the same day. In 6-week-old plants, average area of green parts in the
plants injected with both LBA4404 and GV3101 strains was approximately equal.
Also, the level of plant leaf greens, which could indicate the expression of GFP, was
time dependent and fluctuated in the days after inoculation.
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Fig 1. A) Schematic representation of the pTRV2 vector. The larger portion of the pTRV2 vector is depicted in blue, while the smaller
inserted fragment, consisting of 2,415 nucleotides and flanked by EcoRI and HindIII restriction sites, is also indicated. B) Schematic diagram
of the shortened vector (SpTRV2). The inserted fragment, comprising 2,109 nucleotides, is highlighted in blue.
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Fig 2. A) Agarose gel electrophoresis of PCR products. Lanes 2 and 3 band 2,109-nucleotide fragment derived from the pTRV2 vector. B)
Agarose gel electrophoresis of gel-purified PCR products. Lanes 1 and 2 show the purified 2,109-nucleotide fragment. C) Restriction
enzyme digestion analysis of the pTRV2 vector and the 2,109-nucleotide insert. Lanes 1 and 2 demonstrate the cleavage of pTRV2 into two
fragments (a larger and a smaller segment) while lanes 4 and 5 display the restriction digest of the 2,109-nucleotide insert. D) Gel extraction
of the larger pTRV2 fragment and the 2,109-nucleotide insert. The upper band in lanes 1 and 2 and the bands in lanes 4 and 5 corresponding
to the digested 2,109-nucleotide insert. E) Verification of the sizes of the purified fragments using a DNA sizing kit: lane 1 contains the
purified larger fragment of pTRV2, and lane 2 contains the purified 2,109-nucleotide insert.
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Fig 3. Agarose gel electrophoresis of restriction digests of the pTRV2 and SpTRV?2 vectors using the restriction enzymes EcoRI and HindIII.
Lane 1 contains undigested (supercoiled) pTRV2 plasmid; lane 2 shows EcoRI/HindIII-digested pTRV?2; and lane 3 displays EcoRI/HindIII-
digested SpTRV2.
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Fig 4. Results of structural verification of pTRV2 and SpTRV?2 vectors and promoter fragment. A) Design of promoter-specific primers for
Pebv using Genome Compiler software. B) Agarose gel electrophoresis of PCR products amplifying a 182-bp fragment of the Pcap2-Gfp
promoter (lanes 1-3). C) Purification of the 182-bp promoter fragment from agarose gel (lanes 1-3). D) Final verification of the purified
Pebv promoter fragment using the GF-1 PCR Purification Kit; lane 1: purified fragment. E) Relative quantification of digested plasmid
vectors: pTRV2 (lane 1), SpTRV2 (lane 2), and the 182-bp Pebv promoter fragment (lane 3). F) Confirmation of recombinant plasmids
containing the Pebv promoter insert. Lanes 1 and 2 represent colonies without the insert, whereas lanes 3 and 4 show the expected 182-bp
amplicon. DNA ladder markers: 100 bp Plus DNA Ladder (Vivantis) was used for panels B, C, and D; Lambda DNA digested with EcoRI +
HindIlI was used for panel E; and VC 100 bp Plus DNA Ladder (Vivantis) was used for panel F.
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Fig 5. Construction and molecular validation of expression constructs harboring the gfp gene in the PpTRV2 and PSpTRV2 vectors. (A)
Agarose gel electrophoresis of the PCR-amplified 706-bp gfp fragment from the Pcap2-gfp plasmid. Lanes 1-4 show a band at the expected
size corresponding to gfp. B) Gel extraction of the 706-bp gfp fragment (lanes 1-4). (C) Verification of the identity of the purified gfp
fragment following gel excision and extraction using the PCR Purification Kit. (D) Quantification of purified DNA components: lane 1,
PpTRV?2 vector; lane 2, PSpTRV2 vector; lane 3, gfp insert. (E) Colony PCR screening of E. coli transformants: lanes 1 and 2 colonies
containing the GPpTRV2 construct; lanes 3 and 4 colonies containing the GPSpTRV2 construct. (F) Confirmation of gfp integration into
recombinant constructs within 4. tumefaciens strains by colony PCR: lane 1, GPpTRV2 in GV3101; lane 2, GPpTRV2 in LBA4404; lane 3,
GPSpTRV2 in GV3101; lane 4, GPSpTRV2 in LBA4404. In all panels, M denotes the Lambda DNA/EcoRI + HindIII DNA size marker.
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Fig 6. Green fluorescent protein (GFP) fluorescence imaging under ultraviolet (UV) light in leaves of Nicotiana tabacum plants transformed
with different 4. tumefaciens strains carrying the gfp reporter gene. (A) Six-week-old plants inoculated with strain LBA4404; (B) Six-week-
old plants inoculated with strain GV3101; (C) Four-week-old plants inoculated with strain LBA4404; (D) Four-week-old plants inoculated
with strain GV3101.
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