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Introduction

Plant diseases Viruses

\\+ strictly intracellular obligate
parasites that depend on the

host’s protein synthesizing
machinery

{ | o One cell to another by plasmodesmata
Transportation o (short distance)

Phloem (long distance or systemic
movement)



Prunus genus %&

Family Rosaceae, order Rosales, 230 species
Edible drupes

Originated in Central Asia, now cultivated worldwide

Viral infections ——» economic loss

Apple mosaic virus (ApMV)
Plum pox virus

Little cherry virus 1 (LChV-1)
Cherry virus A (CVA)



Cherry virus A (CVA)

Family Betaflexiviridae, genus Capillovirus

Discovered in Germany in 1995, now spread all over the world

Polyprotein [ cp 7,383 nucleotides

"IJ-.F_-l.ﬁl:.lE'"l':":'!":l 3 '

| MP + poly (A) tail

+sSRNA virus with two open reading frames

RNA-dependent RNA polymerase (RARp) @ Movement protein (MP)
Methyltransferase (MT)
Helicase (HEL)

® Coat protein (CP)



RNA silencing in plants

Evolutionary conserved process of sequence-specific regulation of genes

6_‘ endonucleotic cut and degradation

repression of the translation

One function of this gene-silencing mechanism is to prevent, restrict, and
eliminate viral infections

Types of RNAI ——) Transcriptional gene silencing (TGS)

Post-transcriptional gene silencing (PTGS)



Transcriptional gene silencing (TGS)

* Regulation of genes by blocking the transcription

RNA polymerase IV AL
AL
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== |I|1 |I |i |[ |I |I |E |I |’ |I|l|]|J|]|l| =% — = ‘ mmp Silencing
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e facilitation of the assembly
SiRNA 24 nt of heterochromatin and DNA

methylation

Barrientos et al. (2021)

RNA polymerase depéndent on RNA 2 (RDR2)
Dicer-like proteins (DCLs)
RNA-induced transcriptional silencing complex (RITS)



Post-transcriptional gene silencing (PTGS)

RDR or RNA pol Il

e { e e R

Dicerceavage |, + Inactivation of genes through the cleavage of the RNA
or by translational repression

e I T SIRNA 21-24 nt

AGO association ‘

RISC

(RNA-Induced silencing complex) * RNA-dependent RNA polymerase for RNA viruses or
the cellular RNA polymerase Il for DNA viruses

‘ Target RNA recognition

¢ Sequence-specific RNA cleavage Clﬁ?q‘;fge gf Vcilfal
> m y binding

complementary siRNA
M gerrrreTTTTTTTITL $ s
Koeppe et al. (2023)



Viral suppressors of RNA silencing (VSRs)

RNA viruses

dsRNA A/ l
binding dsRNA  structured \. "
P14, P38, vira

B 11511111111 PEFRTTOY)

Dj:IA viruses
Overlapping
pu RNA | transcripts  Str léc&:ed
NSs, NS3 _\_1 - transcripts

Blocking o
DCL4 |_ decoy RNA
RYMV P1, \\ CaMVv
P38 V4 \ leader

CaMV P6 |

DRB4 | DCL4 @
Inactivation — DRER.
ds-siRNA | | SGS3

cleavage \/ - \/ inactivation
21nt 22nt
Rioead | S 2 P2, V2,

systemic silencin : PVA VPg,
< Yy T 9 § Potex P25
Sequestering —
" SDES

ds-siRNA
P19, PNS10,

Hc-Pro,

P122, 2b

HEN1 7
binding _| ]
He-Pro @

AGO1

degradation RDRE inhibition
Potex P25, BC1, RYSV P8,
ToRSV CP, AL2, Hc-Pro
PO
AGO2
degradation

Potex P25, PO

AGO2
inactivation
P38

AGO1
inactivation
P38, 2b,
SPMMV P1

interaction Wilh/ translational inhibition cleavage

AGO1 of
formed RISC
SPMMV P1 AGO1 mRNA PTGS
I miR168
increasing T
pre-miR168 ——yp
g pre-miR168

RYMV P1,
P38

| blocking
@ DCL3

AGO4
degradation
Potex P25,
PO

-h

blocking
methylation
L2, AC2, C2

| ]
&
l
T—

DNA methylation

TGS

Csorbaetal. (2015)

Viral strategy to evade effective plant defense

mechanism

Viral proteins with an additional function of
supressing RNA silencing

® coat protein
replicases
@ movement protein



General objective

Amplify two proteins, MP and CP, from different strains of CVA
Infecting different host species that might be acting as VSRs; and
compare the potential activity of these slightly different variants



Specific objectives

| 11 [

I 1. Study differences in the CVA encoding MP in | ] ] i
i i C .. . 2. Test and compare the possible local VSR

| different strains originating from different | ] . . ]

[ hosts 1 1 activity of them "

I 11 I

]
: [ : 4. Identify the position of the CP in the genome:
" 3. Determine it can act as a VSR of the systemic| " of CVA, and study the differences in the CP in "
i silencing signal. ] " different strains originating from different "
[ ] " hosts. I
J



Hyphotesis
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+  The MP of CVA exhibits VSR activity both locally and ™
- systemically, with variations in activity among different :
- strains from four Hungarian host species. s
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* The CP of CVA originating from four host species will show -
:_ differences at the sequence level. :
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Methodology

Four Hungarian Prunus host cultivars

Sweet cherry - Szomolyai fekete
Plum - Besztercei

Sour cherry - Erdi btermé
Apricot - Pannonia




Methodology

Building of expression vector containing CVA MP or CP coding sequences
Sequencing by Sanger method

Bioinformatic analysis for MP and CP (multiple alighment and creation of phylogenetic tree)

Directional cloning of MP into the BinHASanyi binary vector by in-fusion protocol

Triparental mating to transfer the vector to Agrobacterium tumefaciens



* MP protein expression test
Mixing of Agrobacterium containing the : S




Evaluation of potential local VSR activity of the MP

Co-infiltration of GFP-expressing Agrobacterium and the potential VSR coding
regions in wild-type Nicotiana benthamiana

Total nucleic acid extraction - qPCR
Protein extraction - Western Blot




* Evaluation of potential systemic VSR activity of the MP

Co-infiltration of GFP-expressing Agrobacterium and the potential VSR coding regions in GFP transgenic
N. benthamiana (line 16c)

BinHA BinHA BinHA BinHA

\, : >, L 87, \, £
BinHA BinHA BinHA BinHA

A\ J S = \, > s 24




Results and discussion

Plum

The MP coding region was
successfully amplified

Plum
Sour cherry

Gene ruler
100 bp plus marker

1500 bp ——»
1200 bp —»
1000 bp —» &

Size of movement protein
coding sequences ~1300 bp

Apricot

Plum

Negative control

Positive control

Sweet cherry



Big similarity between sour cherry strain and sweet cherry strain, and between plum and

apricot strain

‘IU 20 3[] 4[] 5[] 60 ?U 8[] 9[]

Consensus identity -S‘PHK K FIBQRMAGDIES RIIFIBDAMR AKDIY SDANAFNS KVIBTAMKR FQS SIANP AS C TGES NVTQ F NIl F DI ANKESA S AEY SMIEHIEG Allmmp

Apricot FISHRNPMK K FIBQRMAGDIES R FIED AFNSKNVBTAMKRFQS SIIAlIPASCTGESNMTQF NIF_AI
Plum MISIEEPV KK FIBQRVAGDESRIFFIED AR AFNSKMIBTAVYKRFQSSIHANPASCTGESNVTQ F NI F DEV
Sourcherry MISHEEPMKK FIBQRMAGDES RINFIED AR AFNSKMIETAMKRFQS SIANPASCTGHESNVYTQF NI FDEYL .
Sweet cherry MISHENPMKK FIBQRMAGDIES RIIFIED AR AFNSKNMIBTAMKRFQS SIFAIIPASCTIGESNMTQ F NIl F DIEF ALK
100 110 14[] 150 160 170 180 190
Consensus identity CMMTC F F KIBK'K PIBNGRII.Y FD PR F QEQTGSAYYMYRPNYPMS THDPNMHRAARNK FIEFDANNVAVDN SHIEF FI'D F GVMY QIS NQ
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WNGRIFMY FD PR FIBDK NﬁAC’g
Q
Q

Apricot CEMITCF FKIBKK P AGFSF THDPNMHRAARNIK FEFDATNVYVDNSHIEF FI'DF GV Y QIS NQ
Plum CMTCFFKHBKKPIENGRIVYFDPRFIEDKNDACQAGFSF STHDPNMHRAARITK FIFEAHNWN s,ﬁIF FIFDFGVMYQESNQ
Sourcherry CBMATCF FKIBKK PIENG RV Y FmPRFIIKHﬁAc AGFSF STHDPNMHRAARITK FEBFDAITNVYD IDFGVMYQIESNQ
Sweetcherry CMMTCFFKIMKK PIENGRIVW Y FDPRFIBDKHDACQAGFSF STHDPNMHRAARIK FIFEA.N IDFGVMYQESNQ
200 210 220 25[] 26[] 280
Consensus identity S TABK TTAADMGAQFQABFGS SGEPNPESF RKGGF FKGP PRSTRARRYHAR S KRQG FHESH PSS EREIQON

VGEIN P K QQN

Apricot STABKTTAADVGAQFQAMF S VA Qf
Plum STABKTTAADMGAQFQAINFK SMGENPKQQHE
Sourcherry STABKTTAADMGAQFQAIFC FAEBKDSEQQR
Sweet cherry STABKTTAADMGAQF QAMFH FABKDSEQQR

290 BDD 380

Apricot RN-F DS N-RHGF-Y SGA-ERH

RSNSCRSENFQ KC R KKGPWKIEHIEGEYDR S k
Plum RNEEFRSNSCRSENFQ KC RDSNERHGFEY SGABEQRDKKGPWKEHIEGEYDR S
Sour cherry RNIBER SNSCRABNFQF KC RDSNETHGFEHCGABEQRNKKGPWKIEHIEGEYDR S
Sweet cherry RNIEEER SNSCRAENFQ KC RDSNETHGFEHCGABEQRNKKGPWKIEHEGEYDRS
39[] 42[] 43[] 450
Consensus identity pEEB@BIR EEEEE@IK E4HH RTD

Apricot GﬁN-R K

SHGS KE {y PRRTSSNSHT | CYKC y GCSWCRRH

Plum GDNIEERK SHEG S KIEHH P K -smNHWISCSEGmKRTmGIPRRTs SNSHET SDRE CYKCHEGMGC SWCRRH

Sour cherry sms-RIPISCKK;ﬁ;ﬁ-ﬁ-PmNuw-scsaG NKRTDREPRGASSDSETSDRE CHKCESMGC SWCRRE
Sweetcherry SN SHIVREPIES CK KHHQIENNEPEDNVWES C SDGNKR TDREPRGAS SDSHET SDRE CHK CEBISMGC SWCRRHE

Aspartic Acid (D) to Asparagine (N) (acidic to amine amino acid)
Serine (S) to Glycine (G) (nucleophilic to small amino acid)
Lysine (K) to Glutamic Acid (E) (basic to acidic amino acid)

Non-conservative
substitutions



: Acidic to amine amino acid
’Q%J Non-conservative

substitutions Acid nucleophilic to small amino acid
Basic to acidic amino acid

PO protein SRR b
Variability in their ability to suppress RNA

Poleroviruses silencing across different virus strains

Pea mild chlorosis virus

Alteration of structure and function of

the protein
Potentially alteration its ability to bind Impactin VSR
RNA or interact with other proteins activity

Alteration its stability
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HA-tagged protein was successfully expressed with a size of 46.6 kDa for the
protein and an additional 1.1 kDa for the HA tag
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70 kDA —
55 kDA —¢= L 46.6 kDa protein
40 kDA\_ + 1.1 kDA HA tag
- —-—
-



Local silencing
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For MP from both strains, fluorescence
signal is stronger than that of the negative

control but weaker than that of the
positive control
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GFP protein expression level analysis supported the results observed previously
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GFP mRNA levels did not supported the previous results
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<z

Fluorescence
intensity

Signal is stronger than that of the negative
control but weaker than that of the
positive control

GFP protein levels

MPs of CVA strains from sour cherry and
apricot = lower than p21, but higher
than empty BinHA

Weak local VSRs




MP of CVA isolate MP of CVA isolate SySte m iC VS R aCtiVity

from sour cherry from apricot

GFP fluorescence signal
Not as strong as + control,
comparable to - control

Red halo in apricot, sour
cherry and - control

Red veins present in -
control and in smaller
amount in apricot and sour
cherry




MP from sour cherry strain
shows high systemic silencing
from the 14 dpi

MP from apricot strain remains
as a middle percentage
between both controls

Higher percentage in - control
comparing to + control or with
MP from both strains

Percentage of leaves

Percentage of plants with
systemic silencing

100~

50—
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Bin
P19

MP of CVA strain
+
from sour cherry

oy MP of C\_/A strain
from apricot

' ¢

= Bin
l p19
B MP from sour cherry strain

B MP from apricot strain



%Jﬁlencing mechanism Visually detectable by a red Red hato a g

fluorescence emitted by infiltrated patches or
l chlorophyll molecules red veins in newly
GFP degrades _emerging leaves
o ©
Sour cherry ' Low percentage of plants with Low percentage of leaves
systemic silencing that showed red veins

Higher from the 14 dpi

Weak suppressor of the short and long systemic silencing response

Apricot Percentage of plants showing Low percentage of leaves
systemic silencing mean between that showed red veins
both controls

Weak suppressor of the short distance systemic silencing response,

but moderate suppressor at long distance (stronger than sour cherry strain)



Gen ruler 100 bp
plus marker

Apricot
Plum
Sweet cherry
Sour cherry

CP analysis

The CP coding region was
successfully amplified

The size of the coat protein is
around 600 bp




Sequences of CVA CP obtained from four Hungarian hosts are highly similar

1 10 20 30 40 50 60 70 80
IDPRAIEEHETAKPAVIBASEGVAATPAINBEESENQRAVKNTIERNY YIERITMF GNIEAVMGT SEEQTDY P GEHIEAT PR PV ITIEINQEAILE
o

'DP RAINEBHIET AKP AVIBA SEGVAATPAININNESENQRANMKNTIHRNY YIBRIMF GNIBAVMGTSEHQTDY PGEHIBATP R PMITENQBEAR
FDPRAINEBHIETAKP ANMEBA SEHGMAATP AINNESENQRAMKNTHRNY YIHRIN F GNIBAMBGT SHQTDY PGEHIBAIRP R PNAFIEENQOEN AR
PRAIEEHETAKPAVEBASEBGVAATPAINTIESEINQRAVKNTIERNY YERIMF GNEAVMGTSEHQTDY PGEIHEATT PR PV ITEINQEALE
IDPRAEEHETAKPAVIEEASEGVAATPAIVESENQRAVKNTIERNY YERIMFGNEAVMGT SEQTDY PGEHIEAITPRPMITEINQEAIL

90 100 110 120 130 140 150 160

Consensus identity T AHIEP AGMSIMET F ATNVK AWGVV/GABIGK F AGIIT F RQINCHEIP F ABIQAYNF F REINHGAMS FIRYIIKNPGAY FNCP AV FDFNKGIP
—

Apricot TAHIMP AGM SIMET F A TNMK AWGNMVGABIG K RQIECHEIP F ABIQAYNF FREINHGAMS FillYIH
Plum T AHIEP AGMSINET F A TNVK AWGVV.GABGK RQECHP F AEIQAYNF FRENHGAMS FllYIH

Sour cherry T AHIBP AGMSIBET F A TNVK AWGVVGABIGK RQIECHEP FABIQAYNF FREINHGANMS FIlY N
Sweet cherry TAHIEP AGM SIBET F ATNMK AWGVAV/G ABIGK RQIECEIP FABIQAYNF FREINHGAVS FillY I

170 180 190 200 207
Consensus identity .T-K-G KNANAIS ACN QRIBFNREG K K AN F G-N. SFDAER

Consensus identity

Apricot
Plum
Sour cherry

Sweet cherry

— -

F
F
F
F

Apricot IBTIRIKINGKNANAMS ACNQRIEF NREIGK KAV F AAQGEIVNINS FDAE
Plum IITHCFKEGKNANATSACNQRIEFNREIGK KAV F AAQGEIVNIS FDAE
Sourcherry I THEEKINGK NANAMNS ACNQRIEF NREIGK K AV F AAQ DAE
Sweet cherry I THPRKINGKNANAMNS ACNQRIBF NREIGK KAV.F AAQGEIVNIES FDAE

One substitutionin

“sweet cherry Isoleucine (I) to Valine (V)



FN691959_P.avium_ Manigam_India
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e s e “’ Only one substitution at the amino acid
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—— KY286055_P. mume_OC_SouthK lev el

Distance Matrix

10

61

P.armeniac... P.avium_Sz... P.cerasus_E...

P.armeniaca_Pannodnia_... 86.312% 100%

P.avium_Szomolyai feket.. 86.312% 86.312%

P.cerasus_Erdibd termé... 100% 86.312%
P.domestica_Besztercei_..| 99.678% 86.312% 99.678%




Conclusions

o

O MPs from sour cherry and apricot infecting CVA strains act as weak local VSRs

<
O MP from CVA apricot strain showed stronger suppressor activity of the systemic
signaling than the one of sour cherry strain, but not as strong as p19

¢ short distance spread of the silencing signal
\/ moderate suppressor of the long-distance spread

o

O MP from sour cherry strain may act as a weak suppressor of the systemic response
¢ complete inhibition of mechanism of silencing
4 delaying of spreading of silencing signal



Conclusions

o

O MP sequences * sour cherry and sweet cherry strains i ; :
| differences at amino acid level

apricot and plum strains

CP sequences » . plum, sour cfher.ry and ap.rlcot difforancas atnvdlevacidiatal
sour cherry in different distant cluster

o

O Amino acid substitutions in MP sequences of CVA strains may potentially influence their
different VSR activity.

o

O Further research * @laracterization of steps of plant silencing pathway affected by MI9

C Exploring potential suppressor activity of CPs )




Conclusions

This study provides valuable insights into the role of MP proteins
from CVA strains in the suppression of RNA silencing in plants, and
these findings contribute to our understanding of viral adaptation
and the mechanisms of RNA silencing in plants
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