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Abstract

In this study, the insert length, location within the coat protein-encoding gene, and sequence
orientation of the target fragment were optimized to construct an efficient virus-induced gene
silencing (VIGS) system in melon using a tomato leaf curl New Delhi virus (TOLCNDV) vector. The
melon phytoene desaturase gene (CmPDS), a key regulator of chlorophyll biosynthesis, was selected
as a reporter gene to evaluate the effects of the VIGS system. Our results revealed that the melon
leaves in all the VIGS treatments exhibited a typical photobleaching phenotype at 21 days post-
inoculation. Moreover, reverse transcription quantitative real-time PCR revealed a significant
reduction in the mRNA levels of PDS in melon. The highest silencing efficiency (lowest PDS mRNA
levels) was achieved by the VIGS vector harboring a 165 bp CmPDS fragment at the 3’ end of the AV1
gene. These findings will be highly important for the development of novel ToLCNDV-based
silencing vector tools and their application to functional genomics and cucurbit crop disease
resistance breeding research in the future.

Keywords: melon; tomato leaf curl new Delhi virus; virus-induced gene silencing; phytoene
desaturase gene

1. Introduction

Melon (Cucumis melo L.) is a globally significant economic crop. The validation of gene functions
in melon relies primarily on stable genetic transformation systems. However, genetic transformation
efficiency in melons is significantly hindered by genotype-specific constraints, which severely
restricts the application of breeding strategies. Virus-induced gene silencing (VIGS), a reverse
genetics tool developed on the basis of plant antiviral mechanisms, has been widely applied in plant
gene functional studies because of its independence from plant genetic transformation systems, short
experimental cycles, simplicity of operation, and ability to silence single gene or gene family members
[1-3]. Its principle involves the insertion of specific fragments of target genes into viral vectors, the
use of viral replication and transmission capabilities to induce the silencing of endogenous genes in
plants, and the inference of gene functions through resulting phenotypic or physiological changes
[2-4]. Currently, VIGS vectors for cucurbit crops rely primarily on RNA viruses, such as Tobacco
rattle virus (TRV) [5,6], Tobacco ringspot virus (TRSV) [7], and Cucumber green mottle mosaic virus
(CGMMYV) [8]. Among these, the silencing efficiency, infection range, and stability of VIGS vectors
constructed using TRV are particularly outstanding, making them the most widely applied tools for
gene silencing [9-11]. However, the use of RNA viruses as VIGS vectors is limited because of their
inherent structural instability and susceptibility to degradation during in vitro synthesis.

Compared with RNA viral vectors such as TRV, DNA viral vectors offer distinct advantages:
they do not require in vitro transcription to synthesize RNA viral chains, are more stable, and are less
prone to degradation during carrier preservation than RNA vectors are. Additionally, compared with
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RNA genomes, DNA genomes are inherently more stable, have lower mutation rates, and ensure
higher fidelity of foreign expressed products [12]. Currently, the majority of research efforts on
engineering DNA viruses as VIGS vectors have focused on geminiviruses. Geminivirus-based vectors
exhibit a rapid replication capacity for exogenous small dsRNA fragments, enabling efficient gene
silencing. Notably, their modular genomic components are amenable to genetic engineering, making
these viruses an ideal platform for VIGS applications. Multiple geminiviruses, including Abutilon
mosaic virus (AbMV), African cassava mosaic virus (ACMYV), Tomato yellow leaf curl China virus
(TYLCCNYV), Cotton leaf crumple virus (CLCrV), Tomato golden mosaic virus (TGMV), Bhendi
yellow vein mosaic virus (BYVMYV), and Cabbage leaf curl virus (CaLCV) [13-19], have been
successfully employed as VIGS vectors to silence genes involved in chlorophyll synthesis in host
plants, demonstrating their robust functional utility in plant molecular biology studies. However,
current research has focused primarily on Nicotiana benthamiana, with melon-related studies
remaining relatively limited.

Tomato leaf curl New Delhi virus, a bipartite single-stranded DNA virus belonging to the
Geminiviridae family, genus Bean golden yellow mosaic virus [20-22], consists of two circular DNA
components (DNA-A and DNA-B) ranging from 2,600 to 2,800 nucleotides. DNA-A encodes viral
replication-related proteins, including those required for replication, gene expression regulation, and
capsid formation, providing ideal insertion sites for exogenous gene fragments. The open reading
frame (ORF) encoded by DNAB is associated with viral movement within and between host plant
cells [23-25], enabling efficient systemic infection capacity. TOLCNDYV has a broad host range and is
highly infectious and can infect various crops (e.g., Solanaceae and Cucurbitaceae), ornamental plants
(e.g., chrysanthemum), weeds, and wild plants [26-29]. Phytoene desaturase (PDS) is a key enzyme
in the carotenoid biosynthesis pathway. It is commonly used as an indicator gene in VIGS studies
because of its silencing-induced photobleaching phenotype in plant leaves caused by carotenoid
deficiency [30-32]. This study was based on a full-length DNA infectious clone of TOLCNDV, in
which melon plants were used as the experimental material and the phytoene desaturase gene
CmPDS was used as an indicator. The objective of this study was to systematically evaluate the effects
of the length institution site with the AV1 gene (coat protein-encoding gene), and sequence
orientation of the target fragment on the silencing efficiency of the TOLCNDV-mediated VIGS system.
By optimizing these parameters of the target gene, this study aimed to establish an efficient VIGS
technical system tailored for melon.

2. Materials and Methods

2.1. Plant, Inoculation, and Host Bacterial Materials

Melon (Tinglin) seedlings with only two cotyledons were used for TOLCNDV-VIGS gene
silencing trials.

pCambia-ToLCNDV-1.3A and pCambia-ToOLCNDV-1.6B were the infectious clones of
ToLCNDV DNA-A and DNA-B, respectively, and were used for TOLCNDYV infection of melon by
artificial inoculation [11].

Escherichia coli strain T1 and Agrobacterium tumefaciens strain GV3101 were purchased from
Shanghai WEIDI Biotech Co., Ltd.

2.2. Design of Target Fragments and Construction of Vacant Vectors

The coding sequence (CDS) of the PDS gene was selected as the target gene for silencing in
melon. PDS sequences from melon, cucumber, watermelon, and other members of the Cucurbitaceae
family were retrieved from the NCBI GenBank database and aligned using the software MegAlign 5
[33]. The conserved PDS sequence in melon was selected for designing candidate gene sequence
fragments for silencing assessment.

Special restriction enzyme recognition sites were designed by SnapGene software [34], and are
absent in both the infectious clone vector pCambia-ToLCNDV-1.3A and the target fragments. Before
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the TOLCNDV-VIGS vectors were constructed, two vacant vectors (pCambia-SSNK and pCambia-
NB) were constructed from pCambia-ToLCNDV-1.3A to ensure equivalence of the lengths of the
reorganized AV1 gene.

2.3. Construction of TOLCNDV-Based VIGS Vectors
2.3.1. Construction of VIGS Vectors with Different Target Fragment Lengths

The vacant vector pToLCNDV-SSNK and four CmPDS fragments were digested with the
restriction endonucleases Nco I and Kpn I. Then, the linearized vector was ligated to each digested
target fragment. Four VIGS vectors were constructed, in which the middle region of the AV1 gene
was substituted with 288 bp, 165 bp, 87 bp, and 48 bp CmPDS fragments.

2.3.2. Construction of VIGS Vectors with Different Substitution Areas for the CmPDS Fragment

The optimal size of the target fragment can be determined on the basis of the results from Step
2.3.1. For this purpose, the vector pToLCNDV-NB and the target fragment of optimal size were
digested with Nco I and BstE II, whereas the vector pToLCNDV-SSNK and the optimal target
fragment were digested with Spe I and Sma I. These modifications generated two additional vectors
containing target fragments of optimal size with 3’ end substitution and 5 end substitution,
respectively. The VIGS vectors with middle region substitution were previously constructed in
Section 2.3.1.

2.3.3. Construction of VIGS Vectors with the Antisense Orientation of CmPDS Fragments

On the basis of the framework from Steps 2.3.1, 165 bp, 87 bp, and 48 bp, the CmPDS fragment
in the sense orientation was replaced with its antisense counterpart, and VIGS vectors carrying
CmPDS fragments in the antisense orientation were constructed using the same method.

2.4. Agroinfiltration

The A. tumefaciens cultures of each VIGS vector, vacant vectors (pToLCNDV-SSNK and
pToLCNDV-NB) and pCambia-ToLCNDV-1.6B, were adjusted to an optical density (OD600) of 1.0.
Then, the suspensions of the VIGS vector and the vacant vector were mixed with pCambia-
ToLCNDV-1.6B suspensions individually at a 1:1 volume ratio and incubated at 28°C in the dark for
3 h before infiltration into melon plants [35].

Inoculation was performed using the cotyledon injection method [8]. The experiment involved
three treatments: VIGS vector inoculation (including the CmPDS fragment), a negative control
(pToLCNDV-SSNK and pToLCNDV-NB) and a blank control (infiltration buffer). The treatments
were set in three repetitions, each including 16 melon plants. After inoculation, the plants were grown
immediately under the first 24 h in the dark and then under normal growth conditions with a 16 h
light/8 h dark photoperiod [35].

2.5. Effects of VIGS Vectors on the Phenotypic Traits of Melon Plants

The number of melon plants displaying photobleaching phenotypes in each VIGS treatment was
recorded at 21-day post-inoculation (dpi). The plants in the VIGS treatment group that exhibited the
most obvious photobleaching phenotype were selected and grown under the same conditions for
further observation of systemic silencing for three months.

2.6. Effects of VIGS Vectors on PDS Gene Expression in Melon

Apical leaves from each treatment group were selected at 9 and 21 dpi, after which total RNA
was extracted and reverse-transcribed into cDNA. The relative expression level of the PDS gene in
melon was determined using reverse transcription quantitative real-time PCR (RT-qPCR) with the
primer set CmPDS-qPCR-F (5-GCAATGCTTGGTGGGCAATC-3’) and CmPDS-qPCR-R (5'-
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GATTCCTGCAGCTTCCATACC-3'), while the expression of the actin gene (used as an internal
reference) of cucurbit plants was determined by the primer set CuActin-qPCR-F (5'-
CGGGAAATTGTCCGTGACAT-3) and CuActin-qPCR-R (5-GATTCCTGCAGCTTC CATACC-3).
Each reaction contained a negative control with nuclease-free water as the template. Relative
expression levels were calculated using the 2-AACt method, and the negative control was set to an
arbitrary value (1.0) [8].

3. Results

3.1. Design of Target Fragments and Construction of Vacant Vectors

A highly conserved 288 bp-CDS from the PDS gene of melon was selected as a candidate target
fragment. Four fragments of different lengths (288 bp, 165 bp, 87 bp, and 48 bp) from the 288 bp-CDS
above were used as the substitution fragments. Five restriction enzymes (Spe I, Sma I, Nco I, Kpn |,
and BstE II) were selected, and their enzyme recognition sequences were added to the 5" and 3’ ends
of the substitution fragments (Table A1).

The vector pToOLCNDV-55NK, containing Spe I, Sma I, Nco 1, and Kpn I recognition sites, is
designed to insert target fragments (including forward and reverse orientations) into the central and
5 regions of the AV1 gene (Figure la), whereas pToLCNDV-NB, containing Nco I and BstE 1I
recognition sites, is specifically used to construct VIGS vectors with target fragments positioned at
the 3’ ends of the AV1 gene (Figure 1b).

Neol Kpnl
Spel Smal

o ACS |
@ 35%8 >_< Act avi X ac K AC1 HH awv2

CR[ AV2 {acz | Aca | CR

Neol BstETL

CR ACS ot CR

(b) 358 >—< act ] AV1 WA K AC1 HH av2
AV2 Acz | A |

Figure 1. Schematic diagram of the two vacant vectors used for constructing the VIGS vectors. (a) Vector
pToLCNDV-5SNK. (b) Vector pToLCNDV-NB.

3.2. Construction of TOLCNDV-Based VIGS Vectors

In the central region of the viral AV1 gene within pToOLCNDV-SSNK, a 6 bp sequence was
substituted with CmPDS fragments in the sense orientation (288 bp, 165 bp, 87 bp, and 48 bp) and
antisense orientation (165 bp, 87 bp, and 48 bp). The VIGS vectors used were pToLCNDV-288CmPDS-
NK, pToLCNDV-165CmPDS-NK,  pToLCNDV-87CmPDS-NK,  pToLCNDV-48CmPDS-NK,
pToLCNDV-165CmPDS-RC-NK, pToLCNDV-87CmPDS-RC-NK, and pToLCNDV-48CmPDS-RC-
NK (Figure. 2a).

In the 5 region of the viral AV1 gene within pToOLCNDV-SSNK, a 30 bp sequence was
substituted with a 165 bp CmPDS fragment, resulting in the construction of the pToLCNDV-
165CmPDS-SS vector (Figure. 2b).

In the 3’ region of the viral AV1 gene within pToOLCNDV-NB, a 95 bp sequence was substituted
with a 165 bp CmPDS fragment, resulting in the construction of the vector pToOLCNDV-165CmPDS-
NB (Figure. 2c).
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Figure 2. Engineering of VIGS vectors on three different locations of the AV1 gene substituted by the target
fragment. ‘—‘ represents the target fragment. (a) Middle substitution. (b) 5 end substitution. (c¢) 3" end

substitution.

3.3. Effects of VIGS Vectors on Melon Leaf Photobleaching

Melon plant phenotypes were photographed at 9, 21, and 90 dpi. At 9 dpi, melon plants with
165-bp- target fragment treatment (pToLCNDV-165CmPDS-NK, pToLCNDV-165CmPDS-NB,
pToLCNDV-165CmPDS-SS  and  pToLCNDV-165CmPDS-RC-NK)  exhibited a  marked
photobleaching phenotype, whereas those subjected to other VIGS treatments did not present the
same phenotypes (Figure 3a). At 21 dpi, among the VIGS treatments with different sizes of target
fragments, the vector containing the 165 bp CmPDS fragment resulted in the greatest number of
plants whose most pronounced photobleaching symptoms were systemically silenced (Table 1;
Figure 3a). Furthermore, compared with the 5" end substitution, the pToLCNDV-165CmPDS-NB and
pToLCNDV-165CmPDS-SS vectors achieved systemic silencing frequencies of 100.00% and 79.17%,
respectively (Table 1), indicating that the 3" end substitution yields a superior systemic silencing
frequency. The photobleaching phenotypes in the leaf tissues were consistent with the systemic
silencing results (Figure 3b). Antisense- and sense-targeted VIGS vectors resulted in comparable
systemic silencing frequencies (Figure 3c). Melon plants in the check controls exhibited no significant
photobleaching (Figure 3d).

To investigate the long-term gene silencing stability of the TOLCNDV-based VIGS vector during
extended growth periods, we cultured pToLCNDV-165CmPDS-NB-treated plants for three months.
The newly emerged leaves and flowers of these plants also displayed photobleaching phenotypes
(Figure 3e).

Table 1. Percentage of melon plants whose expression was systemically silenced.

Systemically silenced

VI
GS Sytems plants/total infiltrated

(with pCambia-ToLCNDV-1.6B)

Systemic silencing
frequency in average*

plants

pToLCNDV-288CmPDS-NK 14/16, 14/16, 15/16 89.58% + 3.61%

pToLCNDV-165CmPDS-NK 15/16, 15/16, 16/16 95.83% + 3.61%

pToLCNDV-87CmPDS-NK 13/16, 14/16, 13/16 83.33% +3.61%

pToLCNDV-48CmPDS-NK 14/16, 13/16, 12/16, 81.25% + 6.25%

pToLCNDV-165CmPDS-NB 16/16, 16/16, 16/16, 100.00% =+ 0%

pToLCNDV-165CmPDS-SS 13/16, 12/16, 13/16 79.17% + 3.61%
pToLCNDV-165CmPDS-RC-NK 14/16, 15/16, 16/16 93.75% * 6.25%
pToLCNDV-87CmPDS-RC-NK 14/16, 12/16, 13/16, 81.25% + 6.25%
pToLCNDV-48CmPDS-RC-NK 13/16, 13/16, 14/16 83.33% + 3.61%

* The values following the + denote standard deviation (SD).
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Figure 3. Phenotypic alterations in melon plants after inoculation. (a) Leaf photobleaching in response to VIGS
treatments with varying target fragment lengths. (b) Leaf photobleaching in the VIGS treatments with the 165
bp CmPDS fragment substituting different areas of the AVIgene. (c) Leaf photobleaching in the VIGS treatments
with the CmPDS fragment inserted in the antisense orientation of different lengths. (d) Leaf phenotype in the
control treatments. (e) Systemic silencing phenotype in newly emerged leaves and flowers after pToLCNDV-
165CmPDS-NB treatment. Bar=2 cm, 5 cm, and 1 cm.

3.4. Influence of VIGS Vectors on PDS Gene Expression in Melon
3.4.1. Silencing Effects of the Length of the CmPDS Fragment

To investigate the impact of target fragment length on gene silencing efficiency, RT-qPCR was
performed to analyze the mRNA accumulation of the PDS gene. The results revealed that all the VIGS
treatments resulted in significantly fewer pToLCNDV-NK cells at 9 and 21 dpi (p < 0.0001). In
addition, compared with the other VIGS treatments, the pToLCNDV-165CmPDS-NK treatment
resulted in the most significant reduction in PDS expression at both 9 and 21 dpi (Figure 4a).
Compared with the pToLCNDV-NK and pToLCNDV-48CmPDS-NK treatments, the pToLCNDV-
288CmPDS-NK treatment also resulted in significantly lower PDS expression (p < 0.05), while the
expression of the latter two vectors did not significantly differ. These findings suggested that the 165
bp target fragment achieved maximum silencing efficiency.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Real-time gRT-PCR analysis of PDS expression in melon plants after VIGS treatment. Three technical
replicates were performed for each individual sample. Significant differences between the samples in a pair are
indicated as follows: *: P < 0.05, **: P < 0.001, ***: P < 0.001, ***: P < 0.0001 by Student’s t test. The error bars
indicate the SDs. (a) Silencing efficiency of VIGS vectors carrying CmPDS fragments of different sizes. (b)
Silencing efficiency of VIGS vectors with 165 bp CmPDS fragments substituting different areas of the AV1 gene.
() Silencing efficiency of VIGS vectors with 165 bp, 87 bp, and 48 bp CmPDS fragments in the sense and antisense
orientation.

3.4.2. Silencing Effects of the Substitution Area of the CmPDS Fragment

To further evaluate the influence of the area of the target fragment within the AV1 gene on VIGS
efficiency, RNA samples from the pToLCNDV-165CmPDS-NB, pToLCNDV-165CmPDS-SS, and
pToLCNDV-165CmPDS-NK treatments were analyzed. The results revealed that compared with
those in the pToLCNDV-165CmPDS-SS treatment group, the amounts in the pToLCNDV-
165CmPDS-NB and pToLCNDV-165CmPDS-NK treatment groups were significantly lower at 9 dpi
(p <0.01 and p < 0.05, respectively). Moreover, the differential expression levels of PDS between the
pToLCNDV-165CmPDS-NB and pToLCNDV-165CmPDS-SS treatments further increased at 21 dpi
(p < 0.001). These findings confirmed that compared with 5" end insertion, the VIGS system with 3’
end insertion resulted in greater silencing efficiency.

3.4.3. Silencing Effects of CmPDS Fragments in the Antisense Orientation

The effects of target fragment sequence orientation on silencing efficiency were also evaluated.
The results revealed that the PDS expression levels in the antisense-targeted VIGS vectors
(pToLCNDV-165CmPDS-RC-NK, pToLCNDV-87CmPDS-RC-NK, and pToLCNDV-48CmPDS-RC-
NK) did not significantly differ from those in the corresponding sense-targeted VIGS vectors at either
9 or 21 dpi. The results demonstrated that the sequence orientation of the target fragment did not
significantly affect the gene silencing efficiency of the TOLCNDV-based VIGS system.

4. Discussion

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In this study, we successfully engineered TOLCNDV as a VIGS vector and effectively silenced
the PDS gene in melon. We systematically investigated the impact of the insertion length, position
within the AV1 gene, and sequence orientation of the target fragment on gene silencing. Our results
demonstrated that the target fragment insertion length was the critical factor for the TOLCNDV-VIGS
system and further revealed that the TOLCNDV-based VIGS system is capable of sustainably
inducing gene silencing in melon. To the best of our knowledge, this is the first application of
ToLCNDV as a VIGS vector for endogenous gene silencing in melon.

The insertion of target gene fragments of excessive length in viral vectors tends to destabilize
the viral genome, impairing infectivity and increasing off-target effects. Conversely, overly short
inserts compromise vector stability, resulting in efficiency reduction [36-38]. Previous research has
successfully engineered ACMV and AbMV into a VIGS vector, demonstrating that the DNA-A
component lacking the AV1 gene can achieve systemic spread in planta when it is co-administered
with DNA-B [13,14]. We initially positioned the exogenous gene within the central region of the AV1
gene to construct VIGS vectors harboring target fragments of varying lengths. Our results showed
that VIGS vectors with 288, 165, 87, and 48 bp target fragments efficiently silenced the PDS gene
(reducing PDS transcript levels by 50-75%), with 165 bp achieving the greatest silencing —slightly
deviating from the reported optimal range of 200-350 bp [39—42]. For example, employing barley
striped mosaic virus (BSMV) as a VIGS vector to silence the PDS gene revealed that the optimal insert
lengths were approximately 200 bp in barley [39] and 275 bp in wheat [40]. In TRV-based VIGS
studies, the insertion of a 255-bp JrPOR (protochlorophyllide reductase) fragment elicited the most
pronounced photobleaching phenotype in walnut [41], whereas the introduction of a 301-bp cDNA
fragment enabled efficient silencing of the PDS gene in soybean [42]. However, when TYLCCNV was
engineered as a VIGS vector to silence the GFP and PDS genes in 16¢ tobacco, an optimal insert length
of 170 bp was identified [15], which is consistent with our findings.

The position of the target fragment within the AV1 gene also influences the viability, stability,
infectivity, and silencing efficiency of the VIGS vector [8]. Next, we repositioned the exogenous gene
at both the 5" and 3" ends of the AV1 gene to construct VIGS vectors. Our work revealed that compared
with the 5" end substitution, the 3° end and mid-region substitutions in this study resulted in
significantly higher systemic silencing frequency and silencing efficiency. These results indicate that
positioning the insertion site proximal to the 3’ end of the AV1 gene significantly enhances viral
replication and accumulation efficiency. This may be closely tied to the gene architecture and the
distribution of functional elements. The 3’ non-transcribed region (UTR) often contains regulatory
elements, and the insertion of target genes into this region minimizes interference with viral
replication and systemic movement [43]. In contrast, insertions near the 5" end (coding region) may
disrupt the translation of critical viral proteins, such as promoters, thereby reducing viral replication
capacity and silencing efficiency [44]. For example, the same 3’ UTR of the coat protein-encoding gene
insertion strategy has been proven to efficiently express greater amounts of foreign genes when citrus
tristeza virus (CTV) and lettuce infectious yellows virus are used [45,46]. In this study, the central
region insertion within the AV1 gene also affected the AC5 gene, which is associated with gene
silencing suppression [11], while the 5 end insertion influenced the AV2 gene (encoding the
movement protein). This also explains the higher silencing efficiency observed in VIGS vectors
constructed with central-region insertion than in those constructed with 5" end insertion.

The sequence orientation of the target gene may impact the silencing efficiency of the VIGS
vectors. Some reports have demonstrated that antisense inserts can achieve greater silencing than
those with sense insertion can when the bean pod mottle virus (BPMV) system [47], brome mosaic
virus (BMV) system [48], CTV system [49], and rice tungro bacilliform virus (RTBV) system are used
[50], whereas other studies have suggested that silencing efficiency is not influenced by the insert
orientation when the barley stripe mosaic virus (BSMV) system [51], tobacco mosaic virus (TMV)
system [52], cabbage leaf curl virus (CaLCuV) system [53], or TRV-VIGS system are used [54]. To
further study the impact of the insertion orientation of the TOLCNDV-VIGS system on silencing
efficacy, we inserted 165-, 87-, and 48-bp antisense target fragments within the central region of the
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AV1 gene. Our results suggest that compared with sense insertions, antisense insertions resulted in
equivalent silencing.

5. Conclusions

In this report, the conditions for efficient virus-mediated gene silencing in melon were optimized
using the TOLCNDV-VIGS system. To achieve the most efficient gene silencing, the best combination
is to insert a 165 bp target fragment into the 3" end of the AV1 gene within TOLCNDV. These findings
will be highly meaningful when the gene functions of melon and other cucurbits crops, particularly
those with limited genetic transformation tools, are applied in the future.
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Appendix A

Table A1. Sequence, restriction enzyme at two ends, and positions of target fragments within AV1 gene used to

construct VIGS vectors.

. . . Insertin,
Restriction  Restriction .. 8
y oy position
Target fragment Sequences(5’'—3’) Enzymes Enzymes 1
, , Within
atthe5 end atthe 3’ end
AVilgene

atggcgttttggeotagtgagattgtggacgatgggttgaaag
tatctggcagacatgttagtaggaaactgtataagggagctat
accactgaagatagtttgtgtggattaccctagaccacagatag
288CmPDS-NK  atgatacagttaatttcattgaagcagcttccatatctgetagtttt  Nceo I Kpn1 middle
cgtgcttctgcacgtcccaggaagcecattgaaagtagtgattge
tggggcaggattggctggtatatcgacagcaaaatatttggea
gatgctggccacaaacctgttcat

atggcegttttgggotagtgtgttagtaggaaactgtataaggg

1656CmPDS-NK  agctataccactgaagatagtttgtgtggattaccctagaccac  Neo 1 Kpnl middle
agatagatgatacagttaatttcattgaagcagcttccata
gegttttggeotagtgagatigtggacgatggottgaaagtat .
87CmPDS-NK Neol Kpn 1 middle
ctggcagacatgttagtaggaaactgtataagggagctata
48CmPDS-NK gCgttttggggtagtgagazz;gcggCgatggg“gaaagtat Neol Kpn1 middle

cttcgcacctgcagaagagtggatttctcggagtgactcggac
attattgatgcgacaatggtggaactagctaaactatttcctgat
gaaatttctgctgatcagagcaaagctaagattgtgaagtacca
cgttgttaaaaccccaaggtcg
atggcgttttggootagtgagattgtggecgatgggttgaaag
tatctggcagacatgttagtaggaaactgtataagggagctat
accactgaagatagtttgtgtggattaccctagaccacagatag
atgatacagttaatttcattgaagcagcttccata

165CmPDS-NB Nceo 1 BstE 11 3 end

165CmPDS-SS Spel Smal 5 end

tatggaagctgcttcaatgaaattaactgtatcatctatctgtggt

ctagggtaatccacacaaactatcttcagtggtatagctcectta

tacagtttcctactaacatgtctgecagatactttcaacccatege
ccacaatctcactaccccaaaacge

165CmPDS-RC-NK Neol Kpn 1 middle
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87CmPDS-RC-NK tatagctcccttatacagtttcctactaacatgtctgecagatactt Neo T Kpn 1 middle
tcaacccatcgcccacaatctcactaccccaaaacgce
48CmPDS-RC-NK gccagatactttcaacccatcgeccacaatctcactaccccaaaa Neo T Kpn 1 middle

cgc
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