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Abstract:

Rhizomania is a destructive viral disease in sugar beet. It is caused by the beet
necrotic yellow vein virus (BNYVV; Benyvirus necrobetae), and, a Benyvirus
transmitted by the soil inhabiting plasmodiophorid Polymyxa betae. Despite
identification of resistance genes, BNYVV remains a major constraint because of
resistance-breaking events as well as its ability to survive for long periods in soils in
resting spores of P. betae. In this study, severe symptoms of rhizomania disease were
observed in resistant sugar beet genotypes carrying the Rz1 gene in the fields, which
indicated the resistance-breaking events. Plants from severely infected fields were
sampled and total RNA was extracted from root hairs. BNYVV was detected using
reverse transcription polymerase chain reaction (RT-PCR). The virus isolates were
tested for the presence of RNA5 and RNA3 using RT-PCR targeting P26 and P25
genes, respectively. The results showed that all the tested BNYVV isolates were type
A However, types B and P were not detected. Next, the P25 protein coding gene of
the RNA3 strand of these isolates was sequenced and nucleotide synonyms were
determined. Determining the sequence of 650 base pairs of P25 protein, eight types
of tetrad variants were identified in the so-called tetrad region (aa67-70). These tetrad
variants included ACHG, AHHG, TLHG, VHHG, VCHG, AYHG, ALHG and
ARHG, of which three variants TLHG, ARHG and VCHG are reported for the first
time from the sugar beet fields of Khorasan province and Iran. As a result, greater
study into the pathogenicity of new variants , as well as control via novel resistance
sources and integrated control strategies, is required.

Keywords: Reverse transcription polymerase chain reaction (RT-PCR), Rhizomania
disease, Tetrad variant, Sugar beet, Beet necrotic yellow vein virus (BNYVV)
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Extended Abstract
Introduction

Beet necrotic yellow vein virus (BNYVV) is a member of
the genus Benyvirus within the family Benyviridae (Gilmer
etal., 2017). This virus is the cSHausal agent of rhizomania,
one of the most economically important diseases of sugar
beet worldwide (McGrann et al., 2009), resulting in
substantial reductions in root yield and sugar content.
BNYVV is transmitted by the soil-borne plasmodiophorid
1986).

Rhizomania is characterized by root constriction, excessive

vector Polymyxa betae (Abe and Tamada,

proliferation of lateral roots (“bearding”), and leaf chlorosis,
particularly in susceptible cultivars (Acosta-Leal et al.,
2008). Members of the genus Benyvirus possess rod-shaped
particles approximately 20 nm in diameter, with four
predominant particle lengths of about 390, 265, 100, and 85
nm. In some European and Asian isolates, a fifth RNA
segment has also been reported (Koenig et al., 1995, 1997).
All genomic RNAs contain a poly(A) tail at the 3’ end,
consisting of approximately 65-140 adenosine residues, and
a cap-like structure at the 5’ end (Richards & Tamada, 1992).
RNAs 1 and 2 encode all functions required for viral
replication, cell-to-cell movement, virion assembly, and
suppression of post-transcriptional gene silencing. Field
isolates typically contain four or five genomic RNA
RNA3,

approximately 1,773 nucleotides in length and encodes the

segments. excluding the poly(A) tail, is
P25 protein (Bouzoubaa et al., 1986). The first open reading
frame of RNA3 encodes the 25-kDa P25 protein, a major
pathogenicity determinant responsible for systemic infection
and the induction of rhizomania symptoms in different sugar
beet pathotypes (Vetter et al., 2004). The P25 protein plays
a critical role in symptom development, including
proliferation of adventitious roots in sugar beet and the
formation of local lesions on leaves of experimental hosts
such as Chenopodium quinoa (Jupin et al., 1992). In resistant
genotypes, P25 also functions as the product of an avirulence

(avr) gene (Chiba et al., 2008). Notably, the amino acid

sequence of P25—particularly positions 67-70 (aa67-70),
known as the “tetrad” region—exhibits high variability
among isolates from different geographic regions (Ratti et
al., 2005; Schirmer et al., 2005; Tamada et al., 2002). In
addition to P25, RNA3 encodes two other proteins: the P
protein, which is involved in the development of necrotic
symptoms, and the P4.6 protein, whose function remains
unclear (Jupin et al., 1991). Previous studies in Iran have
identified several tetrad motifs, including AFHR, SYHG,
AYHG, ACHG, AHHG, and ALHG, with varying
frequencies (Mehrvar et al., 2009). Ebrahimi et al. reported
that AYHG and ACHG are the most prevalent tetrads in Iran,
particularly in northeastern Khorasan Province, with
frequencies of 41% and 18%, respectively. Other nationwide
studies have shown that AHHG, ACHG, and AYHG are
among the most common tetrads, with frequencies of 27%,
28%, and 23%, respectively. One of the primary objectives
of the present study was to identify resistance-breaking virus
isolates and to detect novel tetrad variants in surveyed sugar
beet fields.

Methods and Materials

In this study, rhizomania disease was investigated in
major sugar beet—growing areas of Khorasan Razavi

Province, including Mashhad, Fariman, Jolgeh-Rukh,

Torbat-Jam, Torbat-e Heydarieh, Chenaran, Jovin, and
Gonabad. Root and leaf samples were collected from various
domestic and foreign sugar beet cultivars showing
symptoms suggestive of rhizomania and transported to the
laboratory for analysis. Total RNA was extracted using the
RNeasy Plant Mini Kit (Qiagen, Germany) according to the
manufacturer’s instructions. Complementary DNA (cDNA)
was synthesized using the Easy™ cDNA Synthesis Kit (Pars
Toos Biotechnology Company, Iran) following the
manufacturer’s protocol. Detection of Beet necrotic yellow
vein virus (BNYVV) was carried out by reverse
transcription—polymerase chain reaction (RT-PCR). For
identification of BNYVYV,

polymerase chain reaction (PCR) was performed following

molecular detection and
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cDNA synthesis using BNYVV-specific primers (BN2(1)-F
and BN2(1)-R designed by Meunier et al. (2003). A
multiplex RT-PCR (mRT-PCR) assay was conducted using
RhizoA primers (amplifying a 324 bp fragment specific to
type A) and RhizoB primers (amplifying a 178 bp fragment
specific to type B) as described by Ratti et al. (2005). To
differentiate virus types A and B, double-stranded reverse
transcription PCR (dRT-PCR) was also performed. To detect
P-type isolates through amplification of RNAS, a pair of
specific BN5 primers designed by Schirmer et al. (2005) was
used. These primers amplify the complete coding region of
the P26 gene within the 886 bp RNA5 fragment. For
nucleotide sequence determination of the P25 protein-coding
gene located on the RNA3 segment of BNYVV, PCR
products were cloned using T4 DNA ligase and the pGEM-
T Easy Vector System according to the manufacturer’s
protocol.The extracted DNA plasmids were sent to
Macrogen Inc. (South Korea) for sequencing analysis.
Sequence analysis was performed using Geneious Prime,
and multiple sequence alignment was conducted with
MEGA X using the MUSCLE algorithm (Kumar et al.,
2018).

Findings

The results indicated that all tested isolates of BNYVV
belonged to type A, while types B and P were not detected.
The P25 protein—coding gene located on the RNA3 segment
of these isolates was subsequently sequenced, and nucleotide
substitutions were analyzed. Sequence analysis of a 650-bp
fragment of the P25 gene revealed eight distinct tetrad
variants within the hypervariable tetrad region (amino acids
67-70). These variants were ACHG, AHHG, TLHG,
VHHG, VCHG, AYHG, ALHG, and ARHG. Among them,
the TLHG, ARHG, and VCHG variants are reported here for
the first time from sugar beet fields in Khorasan Province,

Iran.

Discussion and Conclusion

One of the objectives of this study was to identify

resistance-breaking (RB) isolates in the surveyed fields. RB

isolates previously reported worldwide were also detected in
this study; however, further investigations are required to
confirm their resistance-breaking capacity. In this study,
Beet necrotic yellow vein virus (BNYVV) isolates were
obtained from sugar beet plants carrying the Rz1 resistance
gene. These plants were collected from different regions of
the province and exhibited severe rhizomania symptoms.
Sequencing analysis of the p25 gene of these isolates
revealed the tetrads AYHG, AHHG, ACHG, ALHG, VLHG,
TLHG, and VCHG. The widespread cultivation of resistant
varieties across the country appears to provide effective
protection against rhizomania. Although the use of varieties
carrying the Rz1 gene has so far been sufficient to control
the disease, the potential emergence of resistance-breaking
virus isolates in the future cannot be disregarded, as has been
reported in several sugar beet—producing countries
worldwide. Furthermore, in Iran, the presence of P-type
isolates in regions where resistant varieties are cultivated
represents a significant concern for the sustainable

production of this strategic crop.
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Figl. Symptoms of rhizomania disease. right, symptoms of yellowing leaves and the difference between resistant varieties (dark

green color of leaves) and susceptible (yellowing of leaves) in the farmer's field. left, Symptoms of hairy roots caused by this disease

on the roots of Murilla and Isabella varieties
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Fig 2. Agarose gel electrophoresis pattern for duplex PCR amplification product of 324bp TGB protein Using the primer pairs

RhizoA-F, RhizoA-R and RhizoB-F, RhizoB-R. Lane: 1 to 7 are pattern of examined samples, lane 8(M): The DM2100 ExcelBand™ 100 bp

DNA Ladder (SMBIO, Taiwan)
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Fig 3. Agarose gel electrophoresis pattern for 650bp RT-PCR amplicon of P25 protein. 1, Mashhad; 2, Torbat-e-Jam; 3, Jovein; M,

DM2100 ExcelBand™ 100 bp DNA Ladder (SMBIO, Taiwan)
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Fig 4. Probability of changes in the process of creating new variants of the wild tetrad in the P25 protein of the BNYVV genome in

.Mashhad sugar beet fields
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Fig 5. Probability of changes in the process of creating new variants of the wild tetrad in the P25 protein of the BNYVV genome in

Torbat-e-jam sugar beet fields
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Fig 6. Probability of changes in the process of creating new variants of the wild tetrad in the P25 protein of the BNYVV

genome in Jovain sugar beet fields.
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Table 2. Sampling areas and identified tetrads in this research

Sampled areas  A-Type P-Type Tested
Tetrads samples
ACH AHHG ALHG AYHG VCH TLHG  ARHG’ AFHR  VLHG AHYG AFHG VHH SYHG
G G ) ) G
Mashhad 20 10 0 0 4 0 0 0 0 10 0 44
Fariman 20 15 0 0 0 0 0 0 0 0 0 35
Jolge rokh 15 0 0 0 0 0 0 0 0 0 15
Torbat e jam 5 0 10 0 5 10 0 0 0 0 0 0 0 30
Torbate 15 0 0 0 0 0 0 0 0 0 0 0 0 15
hydarie
Chenaran 5 10 0 0 0 0 0 0 0 0 15
Jovein 10 5 0 0 0 0 0 0 0 28
Gonabad 15 0 0 0 0 0 0 0 0 15
Total Sampels 105 43 10 5 5 10 4 0 0 0 0 15 0 197
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Table 3. Different types and amino acids identified in the tetrad region (at positions 67-70) of the BNYVV-related p25 protein

identified in this study and previous studies in Iran.

Reported from other countries Identified in Iran Amino acids of the tetrad Virus type
region P A

Spain, China "New" identified in this research VCHG X 1

- "New" identified in this research TLHG X 2

China "New" identified in this research ARHG X 3

Spain, China, France, Bulgaria, Turkiye, Switzerland (Mehrvar et al., 2009) and this ACHG x 4
research

China (Mehrvar et al., 2009) and this AHHG X 5
research

China, Sweden, France, Switzerland, Belgium (Mehrvar et al., 2009) and this AYHG X 6
research

France, Italy, Netherlands, Spain, Switzerland, Hungary, (Mehrvar et al., 2009) and this ALHG X 7

USA, Brazil research

_ (Mehrvar et al., 2009) and this VHHG x 8
research

USA (Mehrvar et al., 2009) VLHG X 9

France (Mehrvar et al., 2009) AFHG x 10

France (Mehrvar et al., 2009) AFHR x 11

_ (Mehrvar et al., 2009) AHYG x 12

France (Mehrvar et al., 2009) SYHG x 13
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