M Agricultural Biotechnology Journal :

Shahid Bahonar Tranian
University of Kerman Biotechnology Society

Print ISSN: 2228-6705 Online ISSN: 2228-6500

SCMV-based overexpression of insecticidal proteins in maize and

evaluation of their effects against fall armyworm

Mahdieh Sadeghian
PhD Candidate, Department of Plant Breeding and Biotechnology, Faculty of Agriculture,
University of Zabol, Zabol, Iran. Email: Mahdie.Sadeghi@gmail.com

Mahmood Solouki
*Corresponding author. Professor, Department of Plant Breeding and Biotechnology, Faculty of

Agriculture, University of Zabol, Zabol, Iran. Email: Mahmood.Solouki@gmail.com

Jafar Zolala
Associate professor, Department of Biotechnology, Faculty of Agriculture, Shahid Bahonar
University of Kerman, Kerman, Iran. Email: j.zolala@uk.ac.ir

Abbasali Emamjomeh
Associate professor, Department of Plant Breeding and Biotechnology, Faculty of Agriculture,
University of Zabol, Zabol, Iran. Email: Aliilmamjomeh@uoz.ac.ir

Georg Jander
Professor, Boyce Thompson Institute for Plant Research, Ithaca, New York 14853, USA. Email:
gj32@cornell.edu

Abstract
Objective

Zea maiys L. is a key cereal worldwide which its yield is threatened severely by numerous
herbivorous insects such as notorious fall armyworm (Spodoptera frugiperda Smith.). Current
management strategies are basically depended upon costly and time-consuming methods such as
chemicals and transgenic maize plants resulted in resistant pest populations in addition to health
and environmental concerns. Transient In-planta expression of novel insecticidal proteins using
viral vectors can explore the most efficient candidates against fall armyworm under time-saving,
cost-effective and more real conditions. Present study aimed to investigate the effects of three
insecticidal proteins including PTA (Pinellia ternata agglutinin), OAIP-1 and Ncla (toxins

derived from two spiders’ venom) against fall armyworm using Sugarcane Mosaic Virus vector.
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Materials and methods

Coding sequences of considered insecticidal proteins were inserted into pSCMV vector between

P1 and HC-Pro and recombinant constructs agro-injeced into maize seedlings. Successful

overexpression of the proteins was confirmed by RT-PCR and gRT-PCR. In-planta insect

bioassays were performed and weight gain of fall armyworm larvae was compared between

infected and control plants after seven and 14 days of feeding.

Results

Overexpression of foreign genes was confirmed by RT-PCR and qRT-PCR results. Results of in

planta insect bioassays showed that SCMV-based expression of insecticidal proteins in maize

plants caused a statically significant reduction in weight gain of fall armyworm larvae in

comparison with controls. After seven of feeding on plants expressing Ncla and PTA and OAIP-

1 larval weight showed a reduction by 52, 54 and 31%, respectively, in comparison with GFP

expressing plants. These results were stable after two weeks of larval feeding for two spider toxins

but declined to 31% for PTA.

Conclusions

In conclusion, under in planta condition, PTA, Ncla and OAIP-1 were efficiently affected fall

armyworm growth. They could be considered individually or in fusions (lectin- spider toxin) for

further investigations to engineer maize resistance to fall armyworm.
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Figure 1. Schematic diagram of the SCMV-CS3 cloning vector; A multiple cloning site

(MCS) was introduced between P1 and HC-Pro genes of SCMV. 35S: cauliflower mosaic

virus 35S promoter; T: NOS terminator
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SCMV-CS3 vector.

oW yad 85 azhd Job Pl .
T, S
O3 o S Ay S
) Target
Accession Amplicon Primer sequence Primer sequence
number size (bp) Name
D00949.1 987 5-TCGGGAACTGTTGATGCGGG-3' CPF CP
5-CTAGTGGTGCTGCTGCACTC-3' CPR
KF154979.1 810 5-AGAGGGCCCATGGCCTCCAAG-3' PTAF PTA
5-GGGTTTAAACCCTTAATTCACCTTCTCCGTCACC- PTAR
3
K7N5K9.2 120 5-GGGCCCATGGATTGCGGCCATCTTC-3' OAIPF OAIP-1
5-GTTTAAACAAACCCTAACAAGGCAC-3 OAIPR
E17099.1 717 5-ATTAGGGCCCATGGTGAGCAAGGG-3' GFP-F GFP
5-ATTAGTTTAAACCCTTGTACAGCTCGT-3' GFP-R
COHL38.1 140 5-GGGCCCATGGGCTGCAACCCGGACTG-3' NCIAF  Ncla
5-GTTTAAACAGCCCTGGGCGCTCTTCG-3' NC1AR
. 650-1460 5-GAGGAAAGACATAGCCATTGGGC-3' VecF  Flanking
5-GCCCTATTGTTTCCGCAACTTGCC-3' VecR region

i V¥ alold )> Sljge wiMhs oanlie ©y90 5 1w Sl jold (39 0 Ol (295w9 S0 (Sla o)

QLS L auslio ;> SCMV-CS3-GFP ol (sgxe (lalS (saS 2 )3 juw catnyold nfig p ol «0loLS 695 BrF o
Leica confocal laser-scanning ) JI5'sals cowygls oSy Sae 3l odlizwl L SCMV-CS3-EV ojlus (cgime
BTl Sliiss dwwge (PCIC) Lals Jsho ()13, 505 55 50 )3 34> 90 (MiCroscope, SP5 TCS, Leica, Germany
jleds (gyglaes Sy sladiges i oy p (Ithaca, Cornell University, BTI, Plant Cell Imaging Center)

Ol s (b, OFA=0-ONM deld 1> Luinw ysls JiKuw g sdalive FAANM z50 Jobo ;0 wgpg p3Me 181 4 )b olalS
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@l 5 pobal 5 ol 5 b sl Llg g jged a5 sl (alsye Yo BA—FANM clozge Jsb ojk 1) 1o
.(Sadeghian et al. 2021) . ;JUT LAS-AF (V 2.6.0) ,l33ls 5 51 oslisl b laeY Sl
sloosesl |3 5 50,5 5l o 4i 4w QRT-PCR g RT-PCR jlasliinl b (2,6 slogyj ol (ow 2
85 ol g 3 g0 W33l Sls LS e b oiin 5 (35 il o (sl &Lz 5 & sle i as (rion
SV Total RNA Isolation cus’ 5l eslecsl b JS RNA 1 (61345 —A"C (glod 13 Ly g doio @olo 3l )3 ladiges
w3l b op; DNA & (3541 45650 Glo cas e 5 gly5wl (Promega, Madison, WI, USA) System
DNA 1 jles os5jle 8,5 Joallygis 34k (Promega, Madison, WI, USA) RQ1 RNase-free DNasel
sl 55kl 4 (Fermentas, Germany) RevertAid First Strand cDNA Synthesis Kit cus eslizol b JoSo
2 ogSan ) pcigin) el BB e S8 (Sl cigad o (sl b wbls kil &S b Jadll)sios 3o OligodT
ibs o oy ¢y CPR 5 CPF Silel i 5 (1 Jsio) ()8 0 o (oolad] slo S3ET oo 03 485 Loy
5 o3lizl Gun LS 53 (CP) oo s
SCMV Jsb > o cpis & Canglio slasj ol 438 sk 4 TARTPCR 1 saliias! b iy ol
Lglsen I ML ol b j2iSTs .03 Lal (Y Jgis) o5 o (solais] lo, S5k 5l oslil L QRT-PCR g1 03 (g jlodiluen
cbale L) 550 ,a 5l pa/-1 (PowerUp SYBR Green PCR master mix, Applied Biosystems) STy oslel
WVl ol e )3 (US55 ole ol L0 e s & 00 (38)) 45903 CONA LN (ST jo (4l ¥ -NM Sl
QuantStudio 6 Flex o5 jl eslawwl L PCR a1y i bld Late JpS Gloie 4 5o 651 oy sla STy 59
aidy 93 B "C clod p> 4id> g3 :aalp L Real-Time PCR (Applied Biosystems, Foster City, CA, USA)
b 55T polaisl 3 Slas s Tl aids S o 4 5+°C 5 asl1d o 4, 20°C (glod Lol S ¥+ 530°C glod
(B-Tubulin) sty g po o5 51 ool b diges o )1,S5 duw aibias] S 5650kho 08 455 Gogd iz 3T 51 oolisul b

(Livak and Schmittgen 2001) 15,5 auloe Y2ACT g sl oslazal b ba s (oond ol e 8 Jloy 0y

OAIP- ;NC1a PTA iSoin claissbing 5l cuss yshite & 20585 o35 31 0,5 el ans 5 gB39051
Ol 9 008 (G )] &y o002 5Sg ST 52y 5 (loj 5 atbe dw oS SWLS 5l plS a5y il Je5S p p)S il iy 5 1

Cu3IS §) ey oloos) (log,Y A5 oxilisgy JolS g lSlan yob &y i SutoMly (bt 5l o3lisl | yalS ¢ 05 o3l

GalS awlie canr Sojglan H1S plgie 4 olS 1a g9y slag,Y (i (She g (i Silelay 955 3 59y 03,k g Cudn
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4 SCMV-CS3-GFP sl sgi0 lalS (Chung et al. 2021) 1i avwlxe calisee SCMV gl jlo 4 03901 &)

WPV EY P R WS

U oud zealli )3 (LS 13 2,8 s y5 by w0 50 o5l 3 90 (1 )55 LET Wlasuino .Y Joui>
gRTPCR STy 31 alaw! L SCMV-CS3 JsU

Table 2. Oligonucleotide primers used for gRTPCR-based confirmation of transgenes
expression SCMV-CS3 vector

o WS asked Jgb S5 Sielpl b o
Amplicon size (bp) Primer sequence Primer Target
Name sequence
119 5-ACTTCAGCGCAATCTCACCG-3' qCPF (CP 5oy
5-ACTGCTGCGGCTTTCATCTG-3' qCPR
) b
132 5'-AAACCCTAAACACGGACGGC-3' gPTAF PTA
5-GTGAGCTTGCAGTCTCGTCC-3' gPTAR
120 5-ATGGATTGCGGCCATCTTCAT-3' gOAIPF OAIP-1
5-TAACAAGGCACTTGCCATACCTG-3'  qOAIPR
148 5'-GACCTACGGCGTGCAGTG-3' qGFP-F GFP
5-CACTACTTTCTCTTATGG-3' qGFP-R
140 5'-TCCAGATTGCACAGGCATTCA-3' gNC1AF Ncla
5-ACTTTGGTGGGCAGAATGGG-3' gNC1AR
139 5'-CTACCTCACGGCATCTGCTATGT-3' qBTF B-tubulin
5'-GTCACACACACTCGACTTCACG-3' gBTR

Microsoft Office Excel 2010 (Microsoft sl sy ;5 (slaodls wabas 5 (s5lwoslel 2 g bl 34U

SAS 9.2 )8l 5y 5l ool b o)lel slaill 40" s Company, Redmond, Washington, United States)
36T 5 s Jeols (slmonly o5 oyl (owyp liulojl 3550 )3 .cdpdy plul (SAS Institute Inc.Cary, NC, USA.)
w3 Ll €85 155 aulis 390 T 9ol 3] o3l b 5 s LOG2 90 s ANOVA &l sl g (5o

D g,Y 39 b Joli a5 (glo piniis ) slaygesl 5l Juols (claosls . odliswl oais a5 (slaodls I La,lages
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0diiS 0y sl Jlg muso 70 samd L 8L Laa‘_'ﬂ 0 Joo 008 bl sl L;Lm)f)‘l:j 9 OAIP1 9 Ncla

(Y JS5) 390 AQrobacterium s pygauslys (sla IS )3 (awgpmg J86 01515 )0 deowsdly jguis g 55550

100bp MM | 2 3 4

n
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~
=]
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1500bp |

500bp |

PSCMV- (cwgpig JBU L 0l )9l )5 092 53S9 51 (S Gyl o (S 51 ol gl .Y U
arlad iS5 o 2 ) () €53 oo oS Ablal (2155 jl o (A1 (51,5 5ET 1 a3l b S 595 CS3
(190 sbSals) PSCMV-CS3-EV a5 Mg a8l JBU U oaid o y9uanil 5 gl IS 13 N0+bp
GFP gm0 J3U ,3 VYYD (Y 5 ) (sacSals) PTA goiome J3U 13 1€+ bp colahd 1S5 L dwylio
Ncla ggie JSU 45 YYIDP 5 A o ¥ srSaly) OAIP-1 ggixo JBU 45 Yoobp (£ o ¥ sSaly)

(Ve 93 gsals)

Figure 2. Polymerase chain reaction of transformed Agrobacterium colonies (Colony-PCR)
containing pSCMV-CS3 vectors using primers flanking the transgene insertion site;
Amplification of 650bp sequence in transformed colonies harboring empty pSCMV-CS3
(lanes 5 and 6) in comparison with 1460bp (1-2), 1367bp (3-4), 755bp (7-8) and 776bp (9-10)
amplicons in colonies transformed with recombinant pSCMYV vectors containing PTA, GFP,

OAIP-1 and Ncla coding sequences, respectively
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2B o) Sy 3 olS a5y gy L olyen (1395 9 065 (Siilise slagSl (ul s als NC1a § OAIP-1 (claypns'ss
(7 JS) Wogy oMo iz 98 095 gy Jolye olad 55 dald LS .l (5yiuS Satu sk 4 35 ol aidly
oSl g (o) 30590 Sl Jsb <o GFP ()1 ()] (s5me S 595 o S8 b 0 gl (S 585 )Sim lanlis
OblS Sy S Jdgje (sbyJoho )3 Juw Ciuysld (B9 (698 9 b plo oains (LS bazge Jobo I glatels )3 e
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(¥ JS) a5 obd) GFP L b je (i yold JUiSiw 43655 55
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OAIP- PTA GFP 0116 3o, (slas5 g swsyes S5 slocubaisy Ss2g «Seiljpn pidle (s> lals RT-PCR I Juols
131y SCMV gy isban 39 03 3oy o5 3 PSCMV=CS3 s iy (sliojl (s5ime ol > 1, Ncda 4 1
GSTy (b 58 pimen g i 286 sals lalS )5 (B JS5) 503 256 (25 PSCMV-CS3 8 L osd il (alS
GRTPCR | Jols zols a5 b, becudsis, ol j] gl s5amd g wsSxn o ycudsis; w5l 1816 &S CONA jzis
sl 1> GFP cyixan s OAIP-1 gNC1a PTA Lo s sl a5 5l i e 5> SCMV 5 by odims sl 3o
(7 JS5) 552 aals LS L awglie ) o) ol g5 035)03523 Sl JBU b ol dls @55 (LS > (sl @20 05 L

SlogY 415 48 3l Gl (ot laggesl 51 ol @l 10500 Y195 1 05 dule g5 S yg0 !
GFP 5 cgome aals (ol L auslio 3 (o) p0)90 0pdodid (sl uligy ome &5 LS g9y o3k IS 2 p)S
s ST 51 5g; Cm SIS S g oS GlisS 4 (P USCE) 29500 59, VT 9V CBIS Sl g ()00 (39 SIS 4 oo
¥V Sl omie OAIP-1 (S 55 5 (g00)3 00l Gl a8 & pomie PTA (50 g NCla S9:Sie (0S55 05 ol
Lol 03 )85 T Sssis (sl nS's5 elyt 59y 03,43 GBS j1 Ly gl ypos 1 L3 b duglie ;3 g, Y (59 (s pd
ol (slag)Y (59 Mo YV (e 4 jg, VF bS5l Ly g 995 5l lag)Y (65 159 ialS (ljee PTA 15380 590 5
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Lauogs GFP (5593 3kt 51 (ol o 918 (C €0 X o2 oiS 552 b JIS 1S o98mig Son b (092 35 g 5T
Tl w2l ©,5 LS 15 Jadg ) 51 il i 398 (D b du Lo 13 pPSCMV-CS3-GFP cwgyg J5U

Cuwl GFP by 51 (ol pudans yold pi2d (L5
Figure 3. Appearance of systemic viral mosaic patterns in maize plants 2-4 weeks after
direct Agroinjection of recombinant pSCMV vector constructs containing transgenes (B) in
comparison with asymptomatic control ones (A). Microscopic examination of maize plants,
20 days after direct Agoinjection of pPSCMV-CS3 vectors into stems, under confocal Leica
TCS-SP5 microscope (40X); C) fluorescence emission in plants expressing pPSCMV-CS3-
GFP in comparison with B) Chlorophyll fluorescence emission in control plants inoculated

with empty pSCMV vector; Red is indicative of plant chlorophyll autofluorescence and

green is related to GFP expression in plant mesophyll cells
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Tl @35 LS )3 (CP) (woypg (iwdsy (g O SLCwigiy; AAVDD ashd iS5 (A fuS Jigi
Dyl S (45 BCUIgigy YE b dalad piST WL (B pSCMV-CS3-EV &, Jlgi a8l JEU U ol
CWBCUigig, VY +DP axhad 1SS @l PSCMV-CS3-Ncla J3U L suws s &3 LS 55 Ncla
azlad oSG YL (C pSCMV-CS3-OAIP J3U U ouwd gadli @,d LS 45 OAIP-1 opmisnd o
azhd 1055 1wl g PSCMV-CS3-GFP J3U b s gdli )3 LS 2 GFP (5 sCuigig, VYYD
ads’ ;3 pSCMV-CS3-PTA J3U L oo gmaili &3 LS 0 PTA o s ans (5 sdudgigy, AY +bp
$9 cuS 5755 PSCMV-CS3 oWy ¢ 53U U 20 geadili b 20wl geadili op3Me 031 w2l 5 lS wliy b ;!
9 o9 40 pCuligly) w3l W8 e wal PCR STy Cole sl (lgis & dbgipe (2 )6 (5

Cowl o0 &d,5 i 1> o5UI DNA 031 sl pwiocod
Figure 4. RT-PCR analysis of plants inoculated with recombinant pSCMV-CS3 containing
transgenes; A) Amplification of 987bp viral CP coding sequence in pSCMV-CS3-EV
inoculated plants; B) Top: Amplification of 140bp insecticidal Ncla gene in pPSCMV-CS3-
Ncla inoculated plants, Bottom: Amplification of 120bp insecticidal OAIP-1 gene in
pSCMV-CS3-OAIP inoculated plants; C) Top: Amplification of 717bp GFP transgene in
pSCMV-CS3-GFP and Bottom: Amplification of 810bp insecticidal PTA transgene in
pSCMV-CS3-PTA inoculated. All experiments contained control asymptomatic
uninoculated or buffer-inoculated plants, recombinant transgene-containing pSCMV-CS3
as positive PCR control, no reverse transcriptase control (NRT) and no template control
(NTC)
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Fig 5. Heterologous overexpression of GFP and insecticidal genes PTA, OAIP-1 and Ncla
genes in Golden Bantham maize plants infected with SCMV-CS3 vector. Means * SE of

N=6, ****P<0.0001
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Figure 6. Effects of SCMV-based overexpression of insecticidal protein PTA, Ncla and

OAIP-1 in Golden Bantham maize plants on weight gain of 2-days old fall army worms after
7 and 14 days of feeding. Different letters indicate significant differences (LSD test), p<0.05

slooy 3l 035l Jlo3 p p S ale I il T e s 1S 0 pis Bisn WU wyp ly Jgeme yob

Fitches et al. 2012; Panwar et al. 2018; Chung et al. 2021; ) 54 o3liw] Gaam o i 45 52,5 b g (S giune
(Dowd et al. 2012; de Oliviera et al. 2016; Merlin et al. 2021; He et al. 2022; Huang et al. 2023
olis €8l gy a5l QalS 3 ol Jl o o n o & U L ojlgen (osiae 4135 5 (3L ud oanlie 1) Jlee
Coow Blgi e lalS 3 GiSople ailiyn hole w2 g Sgelm (LS il oo pj o)l Gz cillas aa

(Khan et al. 2020) a5 1,3 156 cov | Gun cdl alde Lo
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Figure 7. The effects of insecticidal genes transiently expressed in maize plants by SCMV-

based vector on weight gaining of fall armyworm larvae after 14-days of feeding
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