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Abstract

The present study investigated the feasibility of transient expression and successful subcellular targeting of
Green Fluorescent Protein (GFP) using a plant viral expression system. For this purpose, zucchini yellow
mosaic virus (ZYMV, Potyvirus cucurbitaflavitesselati) was employed to express GFP in cucurbit plants as
the systemic host for ZYMV. The GFP-encoding gene was inserted between the P1 and HC-Pro open
reading frames in the ZYMV vector. Additionally, a chloroplast signal peptide and the SEKDEL sequence
were incorporated to direct GFP to the chloroplast and endoplasmic reticulum, respectively. The infectivity
of the recombinant vectors was evaluated by inoculating Chenopodium quinoa, a local lesion host for
ZYMV. Chlorotic local lesions developed on the inoculated leaves of C. quinoa. An extract from a single
local lesion was used to inoculate squash plants, which were then sampled at 5, 10, 15, and 20 days post-
inoculation. The samples were analyzed using indirect ELISA, RT-PCR, fluorescence microscopy, and
confocal imaging. The presence of ZYMYV recombinants in the inoculated plants was confirmed by RT-PCR.
ZYMV-expressed GFP was detected using ELISA, fluorescence microscopy, and confocal imaging. Data
analysis revealed that GFP was successfully expressed in squash leaves, and the SEKDEL sequence
significantly enhanced the expression levels of the recombinant protein. Overall, the findings of this study
demonstrate that the use of plants as hosts for the expression of foreign proteins remains a rapidly evolving
field, and this approach offers a rapid and efficient method for producing high quantities of recombinant

proteins in plants.
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Figure 1. The schematic overview of the genomic organization of zucchini yellow mosaic virus-based

constructs used as vectors in this study, along with their restriction enzyme map.
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Table 1. Abbreviated names of viral clones based on zucchini yellow mosaic virus (ZYMV) as viral

vectors used in this study along with the type of foreign gene and the types and positions of the

transferred signal peptide and the tag used.

Abbreviate names of ZYMV vectors  Foreign gene

Signal peptide type and its position

ZGFP GFP -
ZChIGFP GFP Chloroplast signal peptide at the N-termini
ZChIGKDEL GFP Chloroplast signal peptide at the N-termini and SEKDEL at the C-termini
ZGFPKDEL GFP SEKDEL at the C-termini
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Table 2. Characteristics of primers used in this study along with their applications and cleavage sites.

Primer Restriction Annealing Manufacturing

Primer name Sequence (5'-3', restriction site has been underlined) length site temperature (°C) Application company and country
mz1155 ACTTTGCACACATGATCTGG 20 - 55 To produce complementary DNA MDBIo
pZ629 AGAAAGTGGTGCAAAAGCAAAC 22 - 55 To run RT-PCR MDBio
pGFPSphl TGGCATGCGGGCCCGTGAGCAAGGGCGAGGAG 32 Sphl 55 To amplify GFP MDBio
mGFPKpnl ATGGGTACCACGCGTCTTGTACAGCTCGTCCAT Kpnl 55 To amplify GFP MDBio
mzplChltag ATGCATGCACCTGCGCATTGGACTCTTCCATAGTGGTCAACTTCGCTA 48 Sphl 60 To add chloroplast signal peptide Genomics

To screen recombinants with chloroplast .
pChltag GGAAGAGTCCAATGCGCAGGT 21 - 55 . . Genomics

signal peptide
mKDELnss  TTTTCCATGGAAGACTGGTGAAACACATGTAGCTCATCTTTCTCAGA 47 Ncol 60 To add and screen SEKDEL signal peptide MDBio
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Figure 2. Evidence of infectivity of viral clones based on zucchini yellow mosaic virus as vial
recombinant vectors used in this study (Table 2) infection by the appearance of local lesion symptoms
on the leaves of Chenopodium quinoa. The name of each clone (treatment) is shown below the
corresponding image.
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Figure 3. Systemic symptoms of squash leave 10 days post-inoculation with viral clones based on
zucchini yellow mosaic virus as vial recombinant vectors used in this study (Table 2). The name of the
viral vector inoculated on squash leaves is given below the corresponding image.
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Table 3. Leaf symptoms of squash plants as systemic host of zucchini yellow mosaic virus after
inoculation with different vectors based on this virus (Table 2).

Treatments Symptoms
ZTN3 Yellow mosaic with yellow-green spots
ZGFP Yellow mosaic
ZGFPKDEL Dark green vein banding, green spots or mosaic on interveinal tissue, clearly defined
border between the vein banding and the interveinal tissue
ZChIGFP Severe mosaic of interveinal tissue with indistinct dark greening around the veins
ZChIGKDEL Mild mosaic without vein banding or green spots, sometimes with yellow veins and

yellow-margin of leaves
ZChIGFP+ZGFPKDEL Yellow mosaic with green spots and sometimes with incomplete vein banding
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Figure 4. Confocal imaging of the fluorescence intensity resulting from GFP expression in quinoa (A)
and squash (B) plants inoculated with viral clones based on zucchini yellow mosaic virus as vial
recombinant vectors used in this study (Table 2); the name of the viral vector inoculated on the squash

leaf is listed in parts A and B above and below the corresponding image, respectively.
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Figure 5. Fluorescence intensity resulting from the expression of green fluorescent protein (GFP) in squash
plants inoculated with viral clones based on Zucchini yellow mosaic virus (ZYMYV) used as recombinant
viral vectors in this study (Table 2). The name of each viral vector is indicated below the corresponding

column. Different letters above the columns indicate statistically significant differences (P < 0.05).
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Figure 6. ELISA results using antiserum against GFP for each treatment over a period of 25 days after
inoculating with viral clones based on zucchini yellow mosaic virus as vial recombinant vectors used in this
study (Table 2); the name of the viral vector inoculated on squash leaves is given in the corresponding box.
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Figure 7. Fluorescent micrographs at 100X scale of the squash plant after inoculating with viral clones
based on zucchini yellow mosaic virus as vial recombinant vectors used in this study (Table 2); the
name of the viral vector inoculated on squash leaves is given below the corresponding image.
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