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SUMMARY 

This study was conducted to determine the serological profile of Rice 

yellow mottle virus isolates collected from different locations in Niger 

State between 2010 and 2015. The Indirect Triple Antibody Sandwich 

Enzyme-Linked Immunosorbent Assay (TAS-ELISA) was used for 

profiling, and results indicated that the virus isolates belonged to 

serogroups 1 and 2 (S1 and S2). The isolates from Edozhigi and Gulu 

about 200 Km apart were characterized as S2; whereas isolates from 

Wuya and Edozhigi (barely 3 Km apart) were found to belong to S1 

and S2 respectively. The RYMV isolate from Wuya was recovered 

from a weed host, Echinochloa colona (L.) Link., which confirmed the 

weed as reservoir host of RYMV in the area. The present study has 

established the presence of two serotypes of RYMV in the same State 

of Niger in the North Central Nigeria.  
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RICE is no longer a luxury food in 

Nigeria; it plays significant role in 

sub-regional trade, and overall cash 

in-flow in the agricultural subsector 

in Nigeria. However, rice culture is 

affected by biotic and abiotic stresses 

among which, virus diseases are of 

great economic importance (51; 31). 

The Rice yellow mottle virus 

(RYMV) is the most economically 

important virus disease affecting rice 

cultivation in Africa (1; 17; 55). It 

belongs to Sobemovirus group, a 

single stranded positive sense RNA 

(16; 22); and like other 

sobemoviruses, characterized for 

being mechanically transmissible and 

having relatively narrow host range 

(21). It was first reported in Nigeria in 

1975 (25), and has spread wide in the 

country, having been reported in rice 

fields at tillering and panicle initiation 

stages in Niger, Kano, Bauchi, 

Gombe, and Benue States in north-
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central zone of Nigeria (5; 42); Lagos, 

Oyo, Ogun, Ekiti and Ondo in the 

southwest (41), and many other parts 

of the country (51; 10; 14; 8; 1). 

RYMV symptoms range from 

intensities of yellowing and mottling 

of leaves of infected plants, often 

mistaken by farmers for iron or 

nitrogen deficiency (38). Infected 

plants are often found first near the 

bunds in the fields, which later spread 

to whole fields (2). Other 

characteristic symptoms may include 

plant death or stunted growth, bunchy 

tiller formation, poor panicle exertion 

and spikelet’s sterility (43). 

Transmission of the virus is 

commonly by some insect vectors 

(32), and through mechanical contact 

(16), but not through seed (30; 6; 11). 

It has also been transmitted in 

irrigated rice crops by grazing cows, 

donkeys and grass rats (49). 

RYMV variability was first observed 

by the detection of several serotypes 

in immunological studies with 

polyclonal and monoclonal 

antibodies (29; 34; 18; 19), by which 

strains followed a geographic 

distribution with a split between East 

and West African strains (54; 9). Five 

serotypes (Ser1 to Ser5) have been 

identified in Africa, with a high 

diversity indicating 3 serotypes (Ser1 

– Ser3) in West African, and 2 (Ser4 

– Ser5) in East Africa (27). These 

serotypes were further subdivided 

into 6 strains, with 3 in West and 

Central Africa (S1, S2, S3), and the 

other 3 (S4, S5, S6) in East Africa 

(27). The existence of different 

RYMV strains in the field that differ 

in their pathogenicity has become a 

matter of considerable practical 

importance in Nigeria, and Africa in 

general (41; 20; 55); particularly in 

view of the risk this may pose to 

durability and stability of some 

traditional and transgenic rice 

cultivars in the region.  The 

occurrence of resistance-breaking 

(RB) isolates of RYMV in the field as 

well as the wide geographical 

distribution and high frequencies of 

these RB isolates represent a high risk 

for the durability of resistance to 

RYMV (18; 20; 55). The implication 

is that if such RB isolates are frequent 

in field conditions, it could 

undermine the stability of resistance 

to RYMV existing in some traditional 

and transgenic rice cultivars in 

Africa.  It is therefore necessary to 

determine the sero-diversity of 

RYMV isolates existing in Nigeria, as 

a key step for the development of 

durable resistance for RYMV in the 

country. 

MATERIALS AND METHODS 

RYMV isolates collection and 

maintenance: Leaves and whole rice 

plants with typical mottling and 

yellowing symptoms of RYMV were 
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collected from farmers’ fields in 

Niger State during a nation-wide 

survey conducted by Abo, (8). 

Additional fresh isolates were 

collected between 2014 and 2015 in 

research and farmers’ fields in the 

State. Back inoculation test (BIT) was 

carried out using a susceptible FKR 

28 in 2016 to recover the virus, and 

confirm the presence of the virus. 

Wuya isolate was recovered from a 

weed host (Echinochloa colona (L.), 

which was found with typical yellow-

mottle symptoms in a rice field at 

Wuya village (Plate 1). The 

coordinates (Latitudes and 

Longitudes) of field locations where 

isolates were collected were recorded 

using the Global Positioning System 

(GPS). 

Preparation of virus extracts and back 

inoculation procedure: Leaves of 

RYMV infected plants in the screen 

house were cut with sterilized razor 

blade and ground in an electric 

blender (6 g leaf-tissue/100 ml of 

distilled water i.e. 6% w/v). An 

abrasive, carborundum powder (600 

mesh) was added to the inoculums at 

the rate of 5 mg ml-1(29) to aid virus 

penetration into leaf tissues. Virus 

extracts were finger-rubbed on upper 

and lower leaves of the susceptible 

test plant (FKR 28) at three weeks 

after planting (3 WAP), and in order 

to avoid possible escapes from 

infection, all plants were re-

inoculated twice at 2-day intervals as 

described by Thottappilly and Rossel 

(53). RYMV symptom expression 

was scored based on Standard 

Evaluation Scale (SES) developed by 

IRRI (23), at 3 weeks after 

inoculation (i.e. 42 WAP). 

Isolates characterization: The 

serological profiles of the virus 

isolates were determined using 

monoclonal antibodies (MAbs A, G 

and D) in the Triple-Antibody 

Sandwich-Enzyme Linked 

Immunosorbent Assay (TAS-ELISA) 

as described by Koenig and Paul (28). 

The indirect Antigen Coated Plate 

Enzyme Linked Immunosorbent 

Assay (ACP-ELISA) was also used 

for virus detection and quantification. 

Virus concentrations in infected plant 

leaves were indexed with reference to 

a standard optical density (OD, 

405nm) reading of the positive 

control. The characterization of 

serotypes diversity and ELISA test 

were done at the Plant Pathology 

Laboratory of Africa Rice Center 

(AfricaRice), Cotonou, Benin 

Republic. 

RESULTS 

The results of Table 1 show the 

serological analysis using TAS-

ELISA and the characterization of 

RYMV isolates collected from 

different locations in Niger State. The 

results indicated that two isolates 
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from Edozhigi and Gulu belonged to 

Ser2, whereas the isolate from Wuya 

belonged to Ser1 (Table 1). Wuya 

isolate originated from a weed host – 

E. colona L. found with characteristic 

yellow mottle symptoms of RYMV in 

a rice field at Wuya village. Table 2 

shows the description of original 

virus isolates collected from rice 

fields, ELISA and BIT results.  The 

result indicated that Wuya isolate 

(Ser1) and Edozhigi II isolate (Ser2) 

are located in one Local Government 

Area of Niger State, which is barely 3 

Km apart. The isolates collected 

earlier in 2010 could not reproduce 

typical symptoms of the RYMV 

during back inoculation (Table 2). 

ELISA test also detected the virus 

only on leaf extracts of isolates from 

Wuya, Edozhigi II and Gulu 

respectively. 

Table 1: Serological analysis and characterization of RYMV isolates collected 

from different locations in Niger State. 

 

 

RYMV Isolate 

OD Readings at 405nm and monoclonal antibodies (MAbs) used 

MAb A MAb G MAb D Serological 

group 

Gulu 0.374- 3.169+ 0.474- S2 

Wuya 0.744+ 3.196+ 0.475- S1 

Edozhigi 0.566- 3.213+ 0.469- S2 

 OD ≤ 0.31 ≤ 0.6 = 1 (negative); OD ≤0.61≤1.2 = 2 (positive); OD ≤ 1.21 ≤ 

1.8 = 3 (positive); OD ≤ 1.81 = 4 (positive). 

 If, MAb A (positive) and MAb D (negative) = S1, MAb A (positive) and 

MAb G (positive) = S1, MAb A (negative) and MAb D (positive) = S2, MAb 

A (negative) and MAb G (positive) = S2. 
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Table 2: Results of back-inoculation and Enzyme-Linked Immunosorbent Assays 

of original virus isolates from rice fields in Niger State, Nigeria. 

Location 

/Isolate 

LGA Year 

collected 

Description  Coordinates *BIT 

 

**OD values 

at 405nm 

Chanchaga Lavun 2010 Farmers’ 

field  

 09 

o07.369'N/06o10.256'E 

- 

 

- 

Badeggi Lavun 2012 Research 

field 

 09o045'N/06o07'E - 

 

- 

Wuya Gbako 2014 From weed 

sample   

 09o08.456'N/05o85.723'E + 

 

1.758(+++++) 

Edozhigi I Gbako 2013 Farmer’s 

field  

 09o05.586'N/05o50.957'E - 

 

- 

Edozhigi 

II 

Gbako 2015 Research   09o05.596'N/05o50.910'E + 

 

1.289 (++++) 

Kanko Wushishi 2010 Farmer’s 

field 

 09o66.456'N/06o10.621'E - 

 

- 

River 

Basin site 

Wushishi 2010 Research 

farm 

 09o66.484'N/06o10.112'E - 

 

- 

Gulu Lapai 2015 Farmer’s 

field 

 08o19.112'N/06o40.962'E + 1.366 (++++) 

*BIT = Back Inoculation Test; - = negative result (RYMV symptoms failed to 

express on susceptible test plant in the screen house); + = positive result 

(Characteristic RYMV symptoms expressed on test plants). 

**Absorbance values indicating reaction strength of Enzyme-Linked 

Immunosorbent Assay; + = ≥ positive control 405nm, 3hrs) = 0.482, - = ≤ Negative 

control (OD 405nm, 3hrs) = 0.173 

DISCUSSION 

Edozhigi and Wuya isolates, barely 3 

Km apart were shown to belong to 

different sero-groups, Ser2 and Ser1 

respectively (Table 1). There has also 

been report of isolates collected from 

the same country, and sometimes 

only a few kilometers apart belonging 

to different viral strains (44). 

Salaudeen et al., (47) had also 

reported two serotypes within the 

same state of Kaduna in Gangara and 

Tudun Iya, which is less than 2 km 

apart. N’Guessan et al. (35) also 
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discovered two different serotypes of 

the virus co-exiting in the nearby 

fields in Cote d’Ivoire, with S2 

predominating overwhelmingly in 

surveyed locations. In the present 

study, two isolates belonged to Ser2 

(Gulu and Edozhigi), and one 

belonged to Ser1 (Wuya). Moreover, 

RYMV incidences of 50 and 25 % 

have been reported respectively at 

Edozhigi and Wuya in Niger State on 

differential rice cultivars (5). The 

establishment of the presence of two 

serotypes of RYMV in the same state 

of Niger in the southern Guinean 

savanna of Nigeria is also an 

indication that the zone might be the 

center for virus strain evolution in 

Nigeria.  

The Wuya isolate in the present study 

was recovered from a weed host – 

Echinochloa colona (L.) Link. at 

Wuya village. RYMV was also 

earlier detected by ELISA test on 

Echinocloa pyramidalis L. and 

Echinochloa crus-pavonis Schultes 

infected in a natural manner in the 

field (4; 5). The epidemics reported in 

eastern Uganda (39) and in The 

Gambia (50) were not caused by 

strains prevalent in nearby cultivated 

rice regions, but were presumably 

caused by the emergence of local 

strains which originated in wild rice 

species or other Poaceae species (45). 

Viruses overwinter in weed hosts, 

which serve as source of fresh 

infection in rice; and cross-species 

transmission has also impacted 

RYMV evolution (45).  The symptom 

expression and detection of RYMV 

on Echinochloa colona L. in the 

present study confirms earlier reports 

of detection of RYMV on 

Echinochloa spp (5; 48) in contrast 

with the recent report by Longue et 

al., (2016) that Echinochloa colona L. 

is not susceptible to RYMV. Non-

expression of symptoms on earlier 

collected leaf samples with 

characteristic yellow mottle symptom 

of RYMV, and the subsequent 

negative values with ELISA and BIT 

tests, is an indication of lost viability 

over long period of storage in dry 

form. 

CONCLUSION 

The present study has established the 

existence of two pathotypes of 

RYMV on Niger State. Wuya was 

classified as Ser1, whereas isolates 

from Edozhigi and Gulu belonged to 

Ser2. The development of RYMV 

resistant cultivars adaptable in the 

zone should take into account the 

presence of these serotypes in the 

area. 
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