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in north-eastern Tanzania
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Summary : Rice (Oryza sativa L.) is an important cereal-grain in some African countries and known to be
attacked by Rice yvellow mottle virus (RYMV). Rice plants with virus like symptoms were collected from
lower Moshi and other areas in the north-eastern region of Tanzania. RYMV was detected by DAS-
ELISA, RT-PCR and/or electron microscopy from almost all collected samples. Some RYMYV isolates
were sequenced and identified as strain S4. Also, three of them, Tz-12-20, Tz-12-22 and Tz-10-36, were
clustered as a new group named S4-mk (Mt. Kilimanjaro). Cluster of S4-mk formed a monophyletic group
of isolates in strain S4-lv reported from the Tanzanian side of the Lake Victoria. However, S4-mk and S4-lv
lineages are separated from each other and S4-mk has the characteristic three amino acid substitutions.
The isolates of S4-mk were also closely related to that of strain S4-mg. Amino acid sequences of the coat
protein of the isolates in group S4-mk showed over 96% identity with those in other strain S4 varieties,
S4-lv, S4-mg and S4-lm. The phylogenetic tree also indicated the possibility of strain S4-mk to have

dispersed from south-western Kenya to north eastern Tanzania.

As for the serotyping, followed by

FARGETTE et al. (2002), these three isolates in S4-mk were classified into serotype 4.
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Introduction

Rice (Oryza sativa L. is an important cereal crop and
staple food at least in 17 countries in the Asia-Pacific
Region and 8 countries in Africa, supplying about 20% of

). The crop is

total calorie intake in developing countries'
estimated to feed about 3.5 billion people maintaining
their livelihood by rice farming and allied businesses’.
Rice blast caused by Pyricularia oryzae and rice yellow
mottle disease (RYMD) caused by Rice yellow mottle
virus (RYMV) are the most devastating diseases in sub

34 RYMYV, in particular, poses

Saharan Africa, presently
a serious threat due to its serious damage and rapid
spread. RYMYV is transmitted by insect vectors such as
Chaetocnema and Chrysispa spp, via virus contaminated
soil and water, and by contact with RYMV-infected rice

plantss>. Rice plants infected with RYMV suffer mottling,

yellowing and stunted growth and possible total yield
loss depending on the cultivar, age of plant at the time of
infection and rice growing ecosystems : paddy or upland®.

In Tanzania, RYMV was first reported in 1982”. Since
then, surveys have been carried out throughout the
country to explore distribution and characteristics of the

virus®?

. Upon these surveys, Tanzanian RYMV-isolates
were serologically characterized into two serotype (Ser)s :
Later, the
isolates were molecularly classified into three strains

named S4, S5 and S6. The geographical distribution of

Ser 4 and Ser 5 by monoclonal antibodies.

Tanzanian RYMV serotypes and strains are documented
by KANYEKA et al. (2007). Despite all the surveys already
conducted, information regarding the prevalence, charac-
teristics and epidemiology of RYMYV is still needed for
successful management of the virus, especially in recently
infested areas such as the Lower Moshi irrigation scheme
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(LMIS), the most advanced and productive lowland rice
production area in north-eastern Tanzania and neighboring
area.

LMIS was established in 1987 mainly with a Japanese
ODA loan. Regrettably, some of the rice production in
Lower Moshi is now seriously threatened due to the
emergence of a new disease that typically shows yellow-
ing and stunting symptoms. Our preliminary study,
Moconja et al. (2010) identified the pathogen of this disease
in this area as RYMV by RT-PCR.

In this study, further identification, serotyping and
molecular characterization of RYMV in LMIS and other
rice production areas of the north-east in Tanzania were
conducted.

Materials and methods

Disease survey and sample collection

Three areas in LMIS (Upper Mabogini, Kikwateni and
Rau Kati), four nearby areas (Mandaka, Kaloleni, Majani
Mapana) and Kilimanjaro Agricultural Training Center
in Lower Moshi were surveyed in 2010 and Lower Moshi
and other five rice-production area (Musa Mwijanga,
Ndungu, Mombo, Mhande and Leki Tatu) were surveyed
in 2012. All of these areas surveyed in this study are
located in north-eastern Tanzania. The areas represent
irrigated-lowland ecology, which is more prone to RYMV
infections compared to other ecosystems'”. By the
surveys guided by local rice producers, farmers and/or
researchers, a total of 87 samples, mostly with RYMD
symptoms, were collected and saved as dried or frozen
leaves. Among them, 38 samples were further tested
(Table 1).

Serological detection by ELISA using polyclonal antibody

Based on field observations and the preliminary results
of inoculation experiment, Rice yellow mottle virus
(RYMYV) was suspected as the causal pathogen. Accord-
ingly, DAS-ELISA was carried out on collected samples
with antisera against RYMV in ELISA kit from NEOGEN
Europe Ltd., Scotland, UK, following the company’s
protocol. Test wells were observed for color changes at
60 and 120 minutes of incubation and absorbance at
405nm was measured. Samples with absorbance value
at least two times greater than that of corresponding
negative control (healthy rice leaf) were considered
positive.

Molecular detection and sequencing

RT-PCR was carried out on some selected samples for
further confirmation of RYMYV infection. Total RNA was
extracted from fresh or frozen leaf samples using TRIzol®
Reagent (Invitrogen, NY, USA). First-strand cDNA was

synthesized using ReverTra Ace-a-* kit (TOYOBO,
Osaka, Japan) and specific reverse primer. After the
reaction, the first-strand ¢cDNA was amplified by PCR
using TaKaRa Ex™ kit (TaKaRa, Otsu, Japan) according
to the protocol. Primers : 3PRYF (A3) 5-CAAGATGGC-
CAGGAA-3 and 3PRYR (B3) 5-GTGGGTGCCATTCCCC-
ACATGG-3 that amplify the CP gene (720 bp) and 3
untranslated region (3UTR) of RYMV'? were used.
Although the 3PRYF primer is a CP forward primer, the
3PRYF primer’s sequence overlapped with RYMV coat
protein (CP) gene, thus a new primer, A’3, 5-GTTGTGG-
TCAGACCTCGCG-3, was designed. Amplification was
performed under initial denaturation at 94C for 5 min,
followed by 30 cycles of 94C for 1 min, 55C for 1 min
and 72C for 15 min and then a final extension at 72C
for 10 min. Some of the PCR products were purified and
cloned into the plasmid. Recombinant plasmids were
transformed into competent Escherichia coli strain DHba
cells (Invitrogen, NY, USA), and five clones of each of the
isolates were sequenced.

Phylogenetic analysis

Nucleotides (720 bp) and their amino acid sequences
of CP of 33 RYMV isolates presented in Table 2 were
retrieved from the NCBI-GenBank.

Trees were constructed by Neighbor joining method.
Confidence in clades from the resulting topology was
tested by analyzing 1,000 bootstrap replications.

Serotype

RYMYV amino acid sequences of 14 isolates representa-
tive of the five serotypes were retrieved from GenBank
provided by the NCBI. These sequences are the ones
described by FARGETTE ef al. (2002).
were aligned together with three Tanzanian isolates in

Then, sequences

this study using Clustal W. Lastly, alignments were
double checked by BioEdit software.

Electron microscopy

Transmission electron microscope (Hitachi E-102 TEM,
Japan) was used to examine a leaf sample (Tz-10-36) for
morphology of the pathogen by phosphate-tungstic acid
(PTA) staining.

Results

Field observations

RYMD symptoms were observed in almost all sur-
veyed areas in this study (Table 1), although the severity
varied considerably among the schemes/fields in surveys
in 2010 and 2012. In the second survey in 2012, the inci-
dences of RYMD appeared to have intensified in Upper
Mobogini and Duma areas of Lower Moshi and Mahande
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Table 1 Detection of RYMV from selected samples by ELISA and RT-PCR.

Sample code® Site of collection Cultivar Symptom (s)° ELISA® RT-PCR¢
T2-10-11 (Llj’;"lferrl\f/f;%‘;gmi) Unknown Y, M, st. + +
T2-10-15 o N tgini) IR64 Y. M " +
Tz-10-28 (Lglj‘serr“;'ﬂ‘;sg‘;gim) IR64 Y, M + nt.
Tz-10-31 %L?;Vpeerrl\l\/iloast?;gini) IR64 Y, M + nt.
Tz-10-4 Lower Moshi (Kikwateni) TXD306 Y, M + +
Tz-10-34 Lower Moshi (Kikwateni) TXD306 Y, M, St. + nt.
Tz-10-36 Lower Moshi (Rau Kati) TXD306 Y, M, St. + +
Tz-10-56 Lower Moshi (Rau Kati) TXD306 Y, M, St. + nt.
T-10-24 Lower Moshi (Rau Kati) Unknown Y, M + nt.
Tz-10-37 (L&;Geaﬂl?dﬁsa};lana) TXD306 Y, M + nt.
Tz-10-38 Lower Moshi (Kaloleni) TXD306 Y, M, St. + +
Tz-10-3 Lower Moshi (Mandaka) Unknown Y + nt.
Tz-10-57 Lower Moshi (Mandaka) TR64 Y,M + nt.
Tz-10-58 Lower Moshi (KATC) IR64 Y, M, St. + nt.
Tz-10-54 Mombo Local Y, M + nt.
Tz-10-55 Mombo Unknown Y, M + nt.
Tz-10-52 Ndungu Unknown Y,M + nt.
Tz-10-53 Ndungu Unknown Y, M, St. + nt.
Tz-10-43 Leki Tatu Unknown Y, St. - nt.
Tz-10-15 Leki Tatu Unknown Y, St. - nt.
Tz-10-46 Leki Tatu Unknown Y - nt.
Tz-10-49 Mahande Kihogo Y.M + nt.
Tz-10-50 Mahande Unknown Y, M, St. + nt.
Tz-12-7 Lower Moshi 1IR64 Symptomless - nt.
Tz-12-8 Lower Moshi IR64 Symptomless - nt.
Tz-12-9 Lower Moshi IR64 Y, M, St. + nt.
Tz-12-10 Mombo Unknown Y - nt.
Tz-12-11 Ndungu Unknown Y - nt.
Tz-12-12 Ndungu IR54 Y, M, St. + nt.
Tz-12-13 Ndungu 1IR54 Y,M + nt.
Tz-12-15 Ndungu Unknown Y,M + nt.
Tz-12-16 Leki Tatu Unknown Y - nt.
Tz-12-17 Leki Tatu Unknown Y - nt.
Tz-12-18 Leki Tatu Unknown Y - nt.
Tz-12-19 Mahande TXD306 M + nt.
Tz-12-20 Mahande Kihogo Y, M, St. + +
Tz-12-21 Mahande Unknown Y, M + nt.
Tz-12-22 Musa Mwijanga TR64 Y, M, St. + +

aTz-10 and Tz-12 represent samples collected in 2010 and 2012, respectively. °Y: yellowing, M: mottling, St.:

stunting, ¢+: positive, -: negative, ‘nt.: not tested.

irrigation schemes, compared to the situation in the first
survey in 2010. On the other hand, Mombo appeared to
have recovered from serious RYMD because no RYMD
symptoms were observed during the second survey,
although this area was found to be infested in the first
survey (Table 1). Moreover the popular varieties in
Lower Moshi, IR64 and TXD306, showed severe RYMD
symptoms (data not shown).

Detection
By ELISA, RYMV was detected in 28 out of 38 tested

samples, confirming the virus incidence in five surveyd
area excluding Leki Tatu. In addition, DNA of selected
samples from Lower Moshi, including Tz-10-15 and Tz-
10-36 from Upper Mabogini and Rau Kati respectively,
was amplified with the expected size of 1,400 bp by RT-
PCR confirming the presence of CP gene and 3UTR of
RYMV genome in the samples. Electron microscopic
observation of infected leaf-sap of a sample (Tz-10-36)
revealed abundant spherical particles with a diameter of

about 28 nm (data not shown).
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Molecular analysis and topology

The PCR products of three isolates, Tz-12-20 from
Mahande, Tz-12-22 from Musa Mwijanga and Tz-10-36
from Lower Moshi, which was collected 2 years earlier
than above mentioned 2 isolates, were cloned and
sequenced. Based on the molecular characterization of
RYMYV following PINEL et al. (2009), these three isolates
were identified as strain S4 (Fig. 1). They appeared to
belong to a monophyletic group of isolates different from

W collected in the Lake Victoria area of

isolates in S4-lv
the Tanzanian side and named as S4-mk because they
are from areas at the foot of Mt. Kilimanjaro. The
isolates of S4-mk were also closely related to those of S4-

mg (Fig. 1). More precisely, three isolates representing
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52 —{ Tz-12-22
—— 96

Tz-10-36

85

Mg5
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Ke3
53
22 iﬁ Ke1
65 L Ke2 -

88 |:
98

S4-mk, Tz-12-20, Tz-12-22 and Tz-10-36, have characteristic
difference from S4-lv and another variant of the strain S4 :
S4-mk with substitutions of I,;;—V, Si;;— N, and T,5—L
(Fig. 2).

Molecular variability was assessed with amino acid se-
quences since they are more conserved and hence highly
informative about gene evolution than nucleotides™.
Accordingly, divergence between the isolates of S4-mk
and other strain S4 groups : S4-lv, S4-mg (Madagascar)
and S4-lm (Lake Malawi) were computed. The nucleotide
sequences of the three isolates in S4-mk from Tanzania
in this study showed high homology (99.1%~99.5%) (data
not shown). Also, homology between the three isolates
from Tanzania in this study and 37 isolates in strain S4

S4-lv

Tz1077

7] S4-Strain

S4-mk

S4-mg

S4-Im

—
0.01

Fig. 1 Neighbor-joining (NJ]) tree depicting the relationships of RYMYV isolates collected from
Tanzania with 33 isolates reported in Africa constructed from the amino acid sequences
of coat protein gene. S4-lv : S4 Lake Victoria, S4-mk : S4 Mount Kilimanjaro, S4-mg : S4
Madagascar, and S4-lm : S4 Lake Malawi. An isolate Tz18 of strain S5 was used as an
out group. The tree shows S4-mk (in this study) the fourth sub-clade of S4 strain.
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100 _ 110 120 130
T2-12-20 WSLARCYSLW KPTRWDYWYL PEVSAATAGS IEMCYLYDYA
Tz-12-22 WSLARCYSLW KPTRWDYWYL PEVSAATAGS IEMCYLYDYA
Tz-10-36 WSLARCYSLW KPTRWD\/XYL PEVSAATAGS IEMCYLYDYA
Bul7 WSLARCYSLW KPTRWDVIY¥L PEVSAATAGS IEMCYLYDYA
Tz1 WSLARCYSLW KPTRWDVIX¥L PEVSAATAGS IEMCYLYDYA
Tz15 WSLARCYSLW KPTRWDVIX¥L PEVSAATAGS IEMCYLYDYA
T21077 WSLARCYSLW KPTRWDVIY¥L PEVSAATAGS IEMCYLYDYA
Kel WSFGXCYSLW KPTRWDVIYL PEVSAATAGS IEMCYLYDYA
Ke2 WSFARCYSLW KPTRWDVIY¥L PEVSAATAGS IEMCYLYDYA
Rwl WSLARCYSLW KPTRWDVIX¥L PEVSAATAGS IEMCYLYDYA
Rwi11l WSLARCYSLW KPTRWDVIY¥L PEVSAATAGS IEMCYLYDYA
Ugl WSLARCYSLW KPTRWDVIY¥L PEVSAATAGS IEMCYLYDYA
Ug2 WSLARCYSLW KPTRWDVIX¥L PEVSAATAGS IEMCYLYDYA
T28 WSLARCYSMW KPTQWDVIY¥L PEVSAATAGS IEMCYLYDYA
T2206 WSLARCYSMW KPTQWDVI¥L PEVSAATAGS IEMCYLYDYA
T2207 WNLARCYSMW KPTRWDVWVX¥L PEVSAATAGS IEMCYLYDYA
Tz232 WNLARCYSMW KPTRWDVYVY¥L PEVSAATAGS IEMCYLYDYA
Mgl WSLARCYSLW KPTRWDVVYL PEVSAATAGS IEMCYLYDYA
Mg3 WSLARCYSLW KPTRWDVVY¥L PEVSAATAGS IEMCYLYDYA
Mg12 WSLARCYSLW KPTRWDYVXL PEVSAATAGS IEMCYLYDYA

el

140 150 160 170
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL INGdTARNAV
DAIPSDTGKM SRTAGEVTSS VWYGAEGCHL INGAUARNAV |s4-mk
DAIPSDTGKM SRTAGEVTSS VWYGAEGCHL IfNGQLJARNAV |
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL BLSHEGTARNAV]
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL LSGETARNAV
DATPSDTGKM SRTAGFVTSS VWYGAEGCHL ESGGTARNAV
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL LSEEGTARNAV
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL LSBGTARNAV
DATPSDTGKM SRTAGFVTSS VWYGAEGCHL GSBEGTARNAV Sa-lv
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL LSGGTARNAV
DATPSDTGKM SRTAGFVTSS VWYGAEGCHL ESBGSARNAV
DAIPSDTGKM SRTAGEVSSS VWYGAEGCHL LSGGTARNAV
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL LSGETARNAV
DATPSDTGKM SRTAGFVTSS VWYGAEGCHL BLSBGTARNAV]
DAVPSDTGKM SRTAGFVTSS VWYGAEGCHL LSBGTARNAV [g, -
DAVPSDTGKM SRTAGFVTSS VWYGAEGCHL LSGGAARNAV
DAVPSDTGKM SRTAGFVTSS VWYGAEGCHL LSEGAARNAV J
DAIPSDTGKM SRTAGEVTSS VWYGAEGCHL ENGGSARNAV
DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL ENBGSARNAV |S4-mg
DAIPSDTGKM SRTAGEVTSS VWYGAEGCHL INGGSARNAV |

Fig. 2 Comparison of the amino acid sequences of S4 groups between S4-mk, plane

box, and S4-lv, S4-Im, and S4 mg,

dotted box. Numbers reflect the amino acid position in the coat protein.

groups (Table 2) from GenBank was analyzed and it was
found that Tz-10-36, Tz-12-20 and Tz-12-22 showed over
96% identity to the isolates of RYMV from other strain
S4 groups at the amino acid (aa) level (Table 3). Further-
more, the divergences among all S4-lv isolates were small
(1.7% to 3.8%).

Serotype

The comparison of amino acid sequences indicated
that isolates Tz-10-36, Tz-12-20 and Tz-12-22 from Lower
Moshi, Mhande and Musa Mwijanga respectively,
belonged to serotype 4 (Ser 4) isolates described by
FARGETTE et al. (2002) (Fig. 3).
serotyping of isolates from the north-eastern region of

However, this is the first

Tanzania not by monoclonal antibodies but by amino
acid sequences.

Discussion

The present study has revealed the disease by RYMV
as a serious threat to rice production in Lower Moshi,
the most advanced and productive lowland in Tanzania.
This rice-disease, which has emerged as recently as 2008
by observation of farmers (O1zumi, unpublished data), is
now seriously devastating in this area. Preliminary re-
sults by one of the co-authors indicated that the disease
is mechanically and contact transmissible to rice varieties
of IR64 and TXD306, the widely cultivated varieties in
In this study,
the pathogen was confirmed as RYMV by a few different
and reliable measures such as ELISA, RT-PCR and elec-
tron microscopy firstly in this area.

Lower Moshi (O1zumi, unpublished data).

So far, ELISA is the most reliable serological method
for identification of plant viruses, and viral protein can
be credibly detected through the assay using specific
antibodies. With RYMV-antisera from NEOGEN, this
test detected RYMV in almost all the Lower Moshi and
north-eastern area samples tested. Likewise, PCR is now
the most powerful molecular diagnostic method and RT-
PCR tests amplified the DNA products of some RYMV
isolates from Lower Moshi and north-eastern area to the
expected 1,400 bp indicating that RYMV-genome was
As the conclusion, RYMV was
present in Lower Moshi, Ndungu, Mombo, Mahande, and

present in rice plants.

Musa Mwijanga, except Leki Tatu. This strongly sug-
gests that RYMV control should be conducted in these
promising rice production areas to combat further infec-
tion. The abundance of rice-ratoons in Upper Mabogini,
Mandaka and Kaloleni, especially during off seasons, may
play a significant role in RYMV-epidemics in Lower
Moshi.
wet during off seasons, mainly because of poor manage-

In these areas, paddy fields remain extremely
ment of irrigation water. Such watery soil condition
supports the growth of ratoons and ratoons may serve
as a potential reservoir for RYMV and primary source of
infections for the next crop.

SARRA (2005) and TRAORE et al. (2006) demonstrated that
transplanting RYMV-infected seedlings can considerably
amplify the virus infections in the paddy fields. However,
it has been a common practice in some parts of Lower
Moshi to set up rice seedbed beside the paddy fields.
This practice greatly exposes the seedlings to RYMV

infections. This may be one of the reasons for serious
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Table 2 List of RYMV sequences used in phylogenetic tree, Fig. 1 and Fig. 2.

Isolate Strain Country of origin Reference Accession no.
Bu 17 S4-lv Burundi Ndikumana ef al., 2012 HE654717
Ke 1 S4-lv Kenya Abubakar et al., 2003 AJ511805
Ke 2 S4-lv Kenya Traoré et al., 2005 AJ885128
Ke 3 S4-lv Kenya Fargette et al., 2008 AM931178
Mg 1 S4-mg Madagascar Fargette ef al., 2004 AJ608210
Mg 3 S4-mg Madagascar Pinel et al., 2000 AJ279923
Mg 5 S4-mg Madagascar Pinel et al., 2000 AJ279925
Mg 12 S4-mg Madagascar Fargette et al., 2008 AM931192
Mg 21 S4-mg Madagascar Fargette et al., 2008 AM931200
Mg 26 S4-mg Madagascar Fargette et al., 2008 AM931205
Mg 28 S4-mg Madagascar Fargette ef al., 2008 AM931207
Mg 29 S4-mg Madagascar Fargette et al., 2008 AM931208
Mg 30 S4-mg Madagascar Fargette et al., 2008 AM931209
Mg 34 S4-mg Madagascar Fargette ef al., 2008 AM931213
Mg 35 S4-mg Madagascar Fargette et al., 2008 AM931214
Rw 1 S4-lv Rwanda Unpublished GQ470541
Rw 30 S4-lv Rwanda Ndikumana et al., 2011 HE654709
Rw 110 S4-lv Rwanda Ndikumana et al., 2011 HE654711
Rw 111 S4-lv Rwanda Ndikumana et al., 2011 HE654710
Rw 205 S4-lv Rwanda Ndikumana et al., 2012 HEG654722
Rw 206 S4-lv Rwanda Ndikumana et al., 2012 HE654723
Tz 1 S4-lv Tanzania Pinel et al., 2000 AJ279938
Tz4 S4-lv Tanzania Abubakar et al., 2003 AJ511793
Tz5 S4-lv Tanzania Fargette et al., 2004 AJ608217
Tz6 S4-lv Tanzania Abubakar et al., 2003 AJ511795
Tz7 S4-lv Tanzania Abubakar et al., 2003 AJ511796
Tz 8 S4-lm Tanzania Fargette ef al., 2004 AJ608218
Tz 13 S4-lv Tanzania Abubakar et al., 2003 AJ511802
Tz 14 S4-lv Tanzania Abubakar ef al., 2003 AJ511803
Tz 15 S4-lv Tanzania Traoré et al., 2005 AJ885156
Tz 18 S5 Tanzania Hébrard et al., 2005 AJ877020
Tz206 S4-Im Tanzania Fargette et al., 2008 AM931225
Tz 207 S4-Im Tanzania Fargette et al., 2008 AM931226
Tz232 S4-Im Tanzania Fargette et al., 2008 FNF432879
Tz 1075 S4-1v Tanzania Pinel et al., 2009 FN432882
Tz 1077 S4-1v Tanzania Pinel et al., 2009 FN432892
Ugl S4-lv Uganda Pinel and Fargette, 2006 AM114523
Ug?2 S4-lv Uganda Pinel and Fargette, 2006 AM114524

and sudden outbreaks of RYMV in Upper Mabogini,
Mandaka, and Kaloleni because farmers have individual
nurseries in their plots despite the high incidence of
RYMV.

Phylogenetic analysis clarified the identity and prob-
able source of RYMV that has emerged in north-eastern
Tanzania. Trees constructed from 33 isolates of RYMV
reported in Africa grouped Tz-10-36 from Lower Moshi,

Tz-12-20 from Mahande and Tz-12-22 from Musa Mwijanga
as S4 with the rest of isolates in strain S4.

More importantly, the isolate of Lower Moshi,
Mahande and Musa Mwijanga formed a distinct clade
that was clearly separated from a monophyletic group of
strain S4-lv. This suggests that the clade may be repre-
senting a new distinguishable group of strain S4, which
we named S4-mk (S4-Mt. Kilimanjaro). By phylogenetic
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Table 3 Coat protein sequence identities (in percent) between RYMV
isolates collected from Tanzania (this study) and reported
from African regions (Tanzania, Burundi, Rwanda, Uganda,

Kenya, and Madagascar)

Sample code
Country nt/aa
Tz-12-20 Tz-12-22 Tz10-36
Tanzania nt 95.8-96.2 95.6-96.1 95.5-95.9
aa 96.2-97.9 96.2-97.9 96.2-97.9
Burundi nt 96.2 96.1 95.9
aa 97.0 97.0 97.0
Rwanda nt 95.6-95.9 95.5-95.8 95.6-95.9
aa 97.4-97.9 97.4-97.9 97.4-97.9
Uganda nt 95.2-95.5 95.1-95.4 95.0-95.2
aa 96.6-97.0 96.6-97.0 96.6-97.0
Kenya nt 95.2-96.1 95.1-95.9 95.0-95.8
aa 96.2-98.3 96.2-98.3 96.2-98.3
Madagascar nt 94.8-95-6 94.3-95-1 94.8-95.6
aa 96.6-97.9 96.6-97.9 96.6-97-9

Accession numbers of references isolates are S4 strains in Table 2. Samples are from Tanzania, Burundi, Rwanda,

Uganda, Kenya, and Madagascar. Kenya isolates are S4-lv and S4-lm, Madagascar isolate is S4-mg.

tree (Fig. 1) and the year of first RYMV reports, Kenya
in 1966°Y and Tanzania in 1982, suggest that strain S4-
lv has dispersed from south-eastern Kenya to the Lake
Victoria region in north-eastern Tanzania, leading to the
current epidemics in some irrigated lowlands, including
Lower Moshi. At the same time, the strain might have
mutated to S4-mk because of changing ecology and this
could have happened very recently as RYMV evolves
rapidly according to FARGETTE et al. (2008).

Kenya is the probable source of S4-mk since Kenyan
isolates (Kel, Ke2, and Ke3) were genetically closest to
that of S4-mk, among all 33 isolates analyzed, including
many from Tanzania (Table 3). In fact, Kel, Ke2, and Ke3

originate from the southern part of the country® ',

The epidemics of RYMD are long known in this area® »
and the area is very close to north-eastern Tanzania
where we observed the outbreak of RYMV recently.
Apparently, there is no large physical barrier in between,
except the rift valley which is about 50-100 Km wide.
Strain S4-lv, therefore, could easily move from one side
to another by vectors or other ways. Contrary to the
above hypothesis, strain S4 might have existed in north-
eastern Tanzania for quite a long time. This is because

all the natural means of RYMV transmission, especially

insect vectors, cannot move over a long distance®. More-
over, the virus is not seed borne in either cultivated” or
wild rice species%). RYMYV, therefore, is likely to have
been existing even in Lower Moshi for many years, be-
fore the recent epidemics, but with extremely low inci-
dence. The epidemics have been possibly triggered by
the continuous cultivation of susceptible varieties (cvs.
IR64 and TXD306) without dry spell gaps or rotation
with non RYMV-host.

mon practice in some parts of Lower Moshi.
29, 30)

This has now become the com-
Many
experts, including Ochola and Tusiime , warn that
typical rice cultivation practices can activate devastating
epidemics of RYMD. At the same time, field-studies
need to be conducted to explore how the virus disperses
over a long distance in Tanzania. Molecular epidemio-
logical data, including that presented in this study, can
be useful in such researches, leading to the successful
management of RYMYV, include the making of a resistant
variety in the country.
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cla MARKGKKTNS NQGQQGKRKG RRPRGRSAEP QLQRAPVAQA SRISGTVPGP LSSNTWPLH- SVEFLADFKR SADATTY

s Mal0  MARKGKKTNS NQGQQGKKKS RRPRGRSAEP QLORAPMAQA SRISGTVPGP LSSNTWPLH- SVEFLADFKR SADATTY
er1 Ni1 MARKGKKTNS NQGQQOGKKKS RRPRGRSAEP QLORAPVAQA SRISGMVPGP LSSNTWPLH- SVEFLADFKR SADATTY
Ni2 MARKGKKTNS NOGOQOGKKKS RRPRGRSAEP QLORAPVAQA SRISGMVPGP LSSNTWPLH- SVEFLADFKR SADATTY

cl63 MARKGKKINS NQGQQGKKKS RRPRGRSAEP QLORAPVAQA SRISGTVPGP LSSNTWPLH- SVEFLADFKR SATSADATTY

Ser2 _c8 MARKGKKINS NOGOQOGKKKS RRPRGRSAEP QLORAPVAQA SRISGTVEGP LSSNTWPLH- SVEFLADFKR SATSADATTY
Cla MARKGKKINS NQGOQOGKKKS RRPRGRSAEP QPQRAPVAQA SRISGTVPGP LSYKIWPLH- SVEFLADFKR SATSADATTY

Ser3 sLa MARKGKKINS NOGOQGKKKS RRPRGRSAEP OLORAPVAQA SRISGTVPGP LSYKIWPLH- SVEFLADFKR SATSADATTY
Tz5 MARKGKKISS NQGQQGKKKS RRPRGRSAEP QLQRAPVAQA SRISGTVPGP LSSSSWPVH- SVEFLMDFKR SATSAEATTE

Ser 4 Mgl MARKGKKINS NQSQOGKKKS RRPRGRSAEP QLQRAPVAQA SRISGTVPGP LSSNTWPVH- SVEFLMDFKR SATSADAVAF
er Mg2 MARKGKKINS NQGQQOGKKKS RRPRGRSAEP QLQRAPVAQA SRVSGTVPGP LSSNTWPVH- SVEFLMDFKR SATSADAVTF
T8 MARKGKKTNS NOGOQGKKKS RRPRGRSAEP RLORAPVAQA SRISGTVPGP LSSNTWPVH- SVEFLMDFKR SATSADATTE

Sers Tz3 MARKGKKTNS NQGQQGKKKS RRPRGRSAEP QLORAPMAQA SRISGMVPGP LSSNTWPIHH AVEFLMDFKR SATSADAVTI
Tz18  MARKGKKTNS NONOOGK-KS RRPRGRSAEP RLORAPVAQA SRISGTVPGP LSSNVWPINH SVEFLMDFKR SATSTEATIL

Tz-12-20 MARKGKKTNS NQGQOGKKKS RRPRGRSAEP QLQORAPVAQA SRISGTVPGP LSSNSWPVH- SVEFLMDFKR SATSAEATTE

In this study Tz-12-22 MARKGKKTNS NQOGQOGKKKS RRPRGRSAEP QLORAPVAQA SRISGTVPGP LSSNSWPVH- SVEFLMDFKR SATSAEATTE
Tz-10-36 MARKGKKTNS NQGQOGKKKS RRPRGRSAEP QLQRAPVAQA SRISGTVPGP LSSNSWPVH- SVEFLMDFKR SATSAEATTF
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cia DCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSHTWAGS IEMCFLYDYA DTIPSDTGKM SRTAGFVTSS VWYGAEGCHL

Ma10  DCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSHTVSGS IEMCFLYDYA DTIPSDTGKM SRTAGFVTSS VWYGAEGCHL

Ser1l Nil NCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSATWAGS IEMCFLYDYA DTIPSDTGKM SRTAGFVTSS VWYGAEGCHL
Ni2 NCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSATWAGS IEMCFLYDYA DTIPSDTGKM SRTAGEFVTSS VWYGAEGCHL

cl63 DCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSAAAAGS IEMCFLYDYA DTIPSDTGKM SRTAGFVTSS VWYGAEGCHL

Ser 2 a8 DCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSAAAAGS IEMCFLYDYA DTIPSDTGKM SRTAGFVTSS VWYGAEGCHL
o NCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSAATAGS IEMCYLYDYA DTIPSDTGKM SRTAGEFVTSS VWYGAEGCHL

Ser3 _sla NCVPFNLPRV WSLARCYSMW KPTRWDVVYL PEVSAATAGS IEMCYLYDYA DTIPSDTGKM SRTAGEFVTSS VWYGAEGCHL
T25 NCVPFNLPRV WSLARCYSLW KPTRWDVIYI, PEVSAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL

Mgl NCVPEFNLPRV WSLARCYSLW KPTRWDVVYL PEVSAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL

Ser 4 Mg2 NCVPFNLPRV WSLARCYSLW KPTRWDAVYL PEASAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL
T8 NCVPFNLPRV WSLARCYSMW KPTQWDVIYI PEVSAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGEFVTSS VWYGAEGCHL

T23 NCVPFNLPRV WNLARCYSLW KPTKWDVVYL PEVGAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGFVTSS VWYGAEGCHL

Ser 5 T218 NCVPFNLPRV WSLARCYSLW KPTRWDVVYL PEISAAAAGS IEMCYLYDYA DTVPSDTGKM SRTAGFVTSS VWYGAEGCHL
Tz-12-20 NCVPFNLPRV WSLARCYSLW KPTRWDVVYL PEVSAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGEVTSS VWYGAEGCHL

In this study Tz-12-22 NCVPFNLPRV WSLARCYSLW KPTRWDVVYL PEVSAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGEVTSS VWYGAEGCHL
Tz-10-36 NCVPFNLPRV WSLARCYSLW KPTRWDVVYL PEVSAATAGS IEMCYLYDYA DAIPSDTGKM SRTAGEVTSS VWYGAEGCHL
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ca LSGGSARNAV VASMDCSRVG WKRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVSDTPG KLYVIASMVI RDPVDPTLNT

Ma1o  LSGGSARNAV VASMDCSRVG WKRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVSDTPG KLYVIASMVL RDPVDPTLNT

Ser1 Nil LSGGLARNAV VASMDCSRVG WKRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYAIVSMVI RDPVDPTLNT
Ni2 LSGGSARNAV VASMDCSRVG WKRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPAVGDTPG KLYAIVSMVL RDPVDPTLNT

cl63 LSGGSARNAV VASMDCSRVG WKRVTSSIPS PNVVNTI LPARLAVRSS IKPTVDDTPG KLYAIVSMVL RDPVDPTLNT

Ser2 s LSGGSARNAV VASMDCSRVG WKRVTSSIPS PNVVNTI LPARLAVRSS IKPTVDDTPG KLYAIVSMVL RDPVDPTLNT
"ol LSGGSARNAV VASMDCSRVG WTRVTSSIPS KADPNVVNM| LPARLAVRSS [VKPTVDDTPG KLYAIVSMVL RDPVDPTLNT

Ser3 sLa LSGGSARNAV VASMDCSRVG WIRVTSSIPS KADPNVVNTM| LPARLAVRSS [VKPTVDDMPG KLYAIVSMVL RDPVDPTLNT
- LSGGTARNAV VASMDCSRVG WRRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYAIVSMVL RDPVDPTLNT

ser 4 Mgl LNGGSARNAV VASMDCSRVG WRRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYAIVSMVL RDPVDPTLNT
Mg2 LNGGSARNAV VASMDCSRVG WRRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYAIVSMVL RDPVDPTLNT

T8 LSGGTARNAV VASMDCSRVG WKRVTSSIPD SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYVIVSMVL RDPVDPTLNT

- LSGGTARNAV VASMDCSRYD| WKRVTSSIPS AVDPNVVNTI LPARLAVRSS IKPAVSDTPG KLYAIVSMVL RDPVDPTLNT

Ser 5 Tz18 LTGGSARNAV VASMDCSRYD| WKRVTSSIPS GVDPNVVNTI LPARLAVRSS IKPAVDDTPG KLYAIVSMVL RDPVDPTLNT
Tz-12-20 LNGGLARNAV VASMDCSRVG WRRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYAIVSMVL RDPVDPTLNT

In this study Tz-12-22 LNGGLARNAV VASMDCSRVG WRRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYAIVSMVL RDPVDPTLNT
Tz-10-36 LNGGLARNAV VASMDCSRVG WRRVTSSIPS SVDPNVVNTI LPARLAVRSS IKPTVDDVPG KLYAIVSMVL RDPVDPTLNT

Fig. 3 Alignment of the coat protein gene constructed from the deduced amino acid sequences

of 14 RYMYV isolates. Isolates collected from Tanzania are Tz-10-36, Tz-12-20, and Tz-12-
22. Specific serotypes (Ser 1, Ser 2, Ser3, and Ser 5) are distinguished from the amino
acid position (framed), whereas Ser 4 is indicated in plain letters. Numbers reflect the
amino acid position in the coat protein.
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Table 4 RYMYV sequences used in serotype analysis for Fig. 3.
Isolate Country of origin Serotype Sequence accession no.
Cl4 Cote d'Ivoire Serl AJ608206
Mal0 Mali Serl AJ608208
Ni2 Nigeria Serl AJ608213
Nil Nigeria Serl AJ608212
Cl63 Cote d'Ivoire Ser2 AJ608207
CI8 Cote d'Ivoire Ser2 AJ279909
Cla Cote d'Ivoire Ser3 AJ608219
SL4 Sierra Leone Ser3 AJ608214
Tz5 Tanzania Ser4 AJ608217
Mgl Madagascar Ser4 AJ608210
Mg2 Madagascar Ser4 AJ608211
Tz8 Tanzania Ser4 AJ608218
Tz3 Tanzania SerS AJ608216
Tz18 Tanzania Ser5 CAI59706
References Molecular variability of geographically distinct isolates of
1) Suceromr S, Kuso K, Tsukapa, K (2011) The World Food Rice yellow mottle virus in Africa. Arch. Virol. 14 : 1621~

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Crisis and the Strategies of Asian Rice Exporters. Insti-
tute of Development Economies, Spot Survey No. 32.

FAO (2004) International Year of Rice 2004 Fact Sheet No
3. Rome, Italy.

Association for International Cooperation of Agriculture
and Forestry (AICAF), Japan (2001) : Rice Diseases and
Insect Pests in the tropics. AICAF, pp. 36.

HurL R, FArRGeTTE D (2005) Sobemovirus. In Virus Taxonomy :
Eighth Report of the International Committee on Taxonomy
of Viruses Edited by Fauquet C, Mayo M A, Maniloff J,
Desselberger U, Ball L A, CA. Elsevier Academic Press,
San Diego pp. 885-890.

UKE A, TBANYENDELA N, IkeEpA R, Fuyne A, Natsuakt KT
(2014) Modes of transmission and stability of Rice yellow
mottle virus. J. Plant Protec. Res. 54 : 363-366.

Kouasst NK, N'Guessan P, ALBar L, Favquer CM, Brucimou
C (2005) Distribution and characterization of Rice yellow
mottle virus : A threat to African farmers. The American
Phytopathol. Society. 89 : 124-133.

RosseL HW, Avotape K A, TuortariLLy G, AbpeoTi A A,
Arrurt K, Aram MS, Zan K (1982) A new record of Rice
yellow mottle virus disease in Badeggi, Nigeria. Int. Rice
Comm. Newsl. 31 : 23-24.

ABUBAKAR Z, ALt F, PINeL A, Traort O, N'GUESSAN P,
NotTeGHEM J L, Kimmins F, KoNATE G, FARGETTE D (2003)
Phylogeography of Rice yellow moltle virus in Africa. J.
Gen. Virol. 84 : 733-743.

Kanyeka ZL, SancU E, FARGETTE D, PINEL-GALzI A, HERBRARD
E (2007) Distribution and diversity of local strains of Rice
yellow mottle virus in Tanzania. Afr. Crop Sc. J. 15 : 201~
209.

Mconja EM, Goro A, Sexiva N, Fujue A. Natsuakt KT
(2010) Occurrence and possible vectors of Rice yellow
moltle virus in Tanzania and Uganda. /pn. Soc. Trop. Agr.
Res. Trop. Agr. 3 : 37-38.

SARRA S (2005) Novel insights in the transmission of Rice
yellow mottle virus in irrigated rice. PhD thesis, University
of Wageningen.

PiNEL A, N'Guessan P, BousaLEm M, FARGETTE D (2000)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

1638.

FarcerTE D, PINeL A, Havmvr H, Brucipou C, FauqQuer C,
Van M (2002) Comparison of molecular and immunological
typing of isolates of Rice yellow mottle virus. Arch. Virol.
147 : 583-596.

PiNeL A, MpunaMmr A, Sancu E, RakoromaraLa M, TRAORE
0O, SkreME D, Sorno F, Skrg Y, Kanveka Z, KoNATE G,
FArGeTTE D (2009) Recombination, selection and clock-like
evolution of Rice yellow mottle virus. Virol. 394 : 164-172.
Ner M, Kumar S (2000) Molecular evolution and phyloge-
netics. Oxford : Oxford University Press, U.S. A.

TraorE O, TraorE M, FARGETTE D, KonaTE G (2006) Rice
seedbed as a source of primary infection by Rice yvellow
mottle virus. Eur. J. Plant Pathol. 115 : 181-186.
NbpIKkUMANA I, PINEL-GALZI A, NEGUSSIE Z, N'cumvsr M S, Njau
P, Kinen RK, Cuor I R, BiGIRIMANA ], FARGETTE D, HEBRARD
E (2012) First report of Rice yellow mottle virus on rice in
Burundi. Plant Dis. 96 : 1230.

Traorg O, SorHo F, PINEL A, ABUBAKAR Z, BANWO O, MALEY
J, HiBrARD E, WINTER S, SERE Y, KONATE G, FARGETTE D
(2005) Processes of diversification and dispersion of Rice
yellow mottle virus inferred from large-scale and high-
resolution phylogeographic studies. Mol. Ecol. 14 : 2097-
2110.

FArGeTTE D, PINEL A, Rakoromarara M, Sancu E, TRAORE
O, SErEME D, Sorno F, Issaka S, HEBrARD E, SERE Y,
Kanvera Z, Konaté G (2008) Rice yellow mottle virus, an
RNA plant virus, evolves as rapidly as most RNA animal
viruses. J. Virol. 82 : 3584-3589.

FaArRGeTTE D, PINEL A (2004) Inferring the evolutionary his-
tory of Rice yellow mottle virus from genomic, phyloge-
netic, and phylogeographic studies. /. Virol. 78 : 3252-3261.
NbpIKUMANA I, GASORE R, Issaka I, PINEL-GALzI A, ONASANYA
A, HassANI-MEHRABAN A, FARGETTE D, PeTERS D, SERE Y
(2011) Rice yellow mottle virus in rice in Rwanda : first re-
port and evidence of strain circulation. New Dis. Rep. 23 :
18.

HeBrARD E, PINEL A, CaTHERINOT V, LABESSE G, BruGiDOU C,
FarcerTe D (2005) International point mutations of the



Characterization of Rice vellow mottle virus in north-eastern Tanzania 125

23)

24)

25)

26)

capsid modify the serotype of Rice yellow mottle virus. J.
Virol. 79 : 4407-4414.

PNeL A, FarceTTE D (2006) First report of Rice yellow
mottle virus in Uganda. Plant Dis. 90 : 683.

Bakker W (1970) Rice yellow mottle, a mechanically trans-
missible virus disease of rice in Kenya. Neth. J. Plant
Pathol. 76 : 53-63.

Bakker W (1974) Characterization and ecological aspects
of Rice yellow mottle virus in Kenya. Agr. Res. Rep. 829 :
1-152.

Traore O, PINEL A, SorHo F, SARrRA S, RAKOTOMALALA M,
Sancu E, KanyekA Z, SERE Y, KoNATE G, FARGETTE D (2009)
A reassessment of the epidemiology of Rice yellow mottle
virus following recent advances in field and molecular
studies. Virus Res. 14 : 258-267.

27)

28)

29)

30)

KoNATE G, SARRA S, TrAORE O (2001) Rice yellow mottle is
seed borne but not seed transmitted in rice seeds. Eur. J.
Plant Pathol. 107 : 361-364.

ALLARANGAYE M, TraorE O, TraorE E, MiLLoGo R, KONATE
G (2006) Evidence of non-transmission of Rice vellow
mottle virus through seeds of wild host species. J. Plant
Pathol. 88 : 309-315.

Ocnora D, Tusnme G (2011a) Pathogenicity of Rice yellow
mottle virus and the potential sources of resistance
against the disease in Eastern Uganda. Asian J. Plant
Pathol. 5 : 1-15.

Ocuora D, Tusnme G (2011b) Survey on incidences and
severity of Rice yellow mottle virus disease in Eastern
Uganda. Int. J. Plant Pathol. 2 : 15-25.



126

UKE, TIBANYENDELA, NATSUAKI, SEKIYA and O1zumi

A 2 Z AR ERE Rice yellow mottle virus DEER

FER R - Naswiru TIBANYENDELA™ « EFKIET-* - BIAME N - KAl v
CPI% 27 42 2 A 19 H22AF/ Pk 27 42 7 A 24 H A2 FL)

BH 7 I7VACBTEELRBYOOEDTH S A % (Oryza sativa L.) &, Rice yellow mottle virus \Z
FBZEREWEEZZITTBY, ¥ F2TIZBEN>TWD, KiHEEORDEA IO —D>THLH O~
7 —E VX 2 E LR T, T4V AHRFEORD SN L HEMAKHIZBE W THREDOREZ T 5 72,
FRAE L 723N, BHEMEEE 7oy 4 V2R 0@, DASELISA i, PCREICL M EITo7z L
25, RYMV OGRS NTIz0 3 DD 5Bk T2-12-20, Tz12-22, Tz10-36 ® PCR EWIZDOWTid, i
BTN AT VSR & MER O 2 AT > 720 ZTORER, SAR (PNeL ef al, 2009) 5#EvETH 5 Z L AUR
s, F7, BN S, €7 M) TMEBSEETH S S4lv R S4-lm, S4mg L IZRLELHE D7 T
AT =% L, HLWIV—T (S4mk) THLEEZEZ LNz, SHICRHMB2 S, S4mk 7r#EkiEr =
7 OVERE I S & =T OFERICB W TEN > TV B 5HIRTH 5 2 L 2R L7z, RFBHIBWTH
—D7 FTAY =R LIz—TF, SAmk 5HERR & Ao S4 B EEvE (S4-lv, S4-1lm, S4mg) BT I /7 FREL
1T, 96% DL EDOE WM Z R Lze 72, 7 3 7 BRES 2 S MiER ORI B 250 48 (FARGETTE et al,
2002) THAHZEeNn, ¥ UyHFZTHERYMV TZOTEEZHWTMERZMET L2 25, BHIWREZ 5
FEFOMEMND S 5, Serd 25 Iz,

- =K A4, RN, MER, ¥ VW=7, Rice vellow mottle virus (RYMV)
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