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EXTENDED ABSTRACT
Surveys were conducted in 2013 and 2014 to determine geographical variation and phylotypes of
RYMV and the influence of environment and climatic factors on their distribution in Morogoro,
Pwani, Arusha, Kilimanjaro, Shinyanga, Kigoma, Mbeya and Rukwamegio Far mer s 0
practices and perceptions on the disease were also studied. Most of the farmers (91%)
interviewed planted their own saved rice seeds. There were positive correlatiGng.@B)
between weeding methods and source of seeds and occuofdR¥dMV disease. The highest
prevalence and severity of RYMV were observed in Mbeya and Morogoro regions where mean
total rainfall, temperature and RH were 167 and 231 mm, 22.3 and 28°C and 87 and 93%,
respectively. The lowest RYMV prevalence was foun&igoma (9.33%) and Rukwa (11.33%)
regions. Results indicated that S4lv, S4lm and S4ug RYMV phylotypes were identified in
Arusha, Kigoma, Shinyanga and Kilimanjaro regions for the first time. The strain S5 was still
restricted in Kilombero Valley, Morogonmegion. Strain S6 was found in new areas (Kigoma and
Mbeya regions) where it has not been reported before and new phylotypes of S6 (S6¢c and S6w)
are reported for the first time in this study. New primers specific to RYMV strains (S4, S5 and
S6) were also @signed in the current study in order to facilitate direct and quick identification of
the virus and reduce costly sequencing steps. Th® ® amplification products showed that,
forward FS5 primer and reverse R20 primer amplified only S5 strains atp2 i®dying that it
is specific for identification of S5 strain. Primers for S4 amplified all S4 and S5 strains at 281 bp,
implying that it is not specific, while primers for S6 amplified only S6 strains at 584 bp,

implying that it is specific for S6 stra. To avoid the cost of existing methods which require



RNA extraction prior to molecular based detection studies, simple, cheap and rapid RYMV
detection methods were optimized. They included Flinders Associates Technolod) (&Fds,
Whatmai? paper stps (WPS), nitrocellulose membranes (NCM), immunocapture (IC) and
simpledirecttube (SDT) based on application of ffCR. The results indicated that FT,A
WPS, NCM, IC and SDT methods were effective in the preparation, storage and retrieval of viral
ribonwcleic acids (RNA) from RYMvVinfected plant material for direct use in the -RTR
reactions. However, the longevity of RYMV in FTA and WPS was up to one year at room
temperature, while NCM retained longevity of viral proteins for up to 5 days only. Detgionin

of the pathogenic variation of RYMV strains and phylotypes against rice cultivars grown in
Tanzania and assessment of resistdmeakdown of the known resistant rice cultivars Azucena
(rymv11), Gigante fymv12), Togl12387 fymv13), Tog5681 fymvi-3), Tog5438 ymvi4),
Tog5672 fymvl4 + rymv2d and Tog5674rgmv15) with RYMV1gene was also done. The rice
cultivars were inoculated with RYMV strains S4lm (Tz526), S4lv (Tz516), S4ug (Tz508), S5
(Tz429, Tz445) and S6¢ (Tz486) and S6w (Tz539) to etaline effect of the RYMV disease

on growth characteristics. The results revealed multiple resistarpaking strains and
phylotypes on resistant cultivars Gigante, Tog12387, Tog5438 and Tog5681. Reduction in plant
height (2.8%), number of tillers per pla(2.5%), 1 00@rain weight (2.7%), spikelet sterility
(3.5%) and reduction in rice yield (5%) were the lowest in rice cultivar Gigante inoculated with
strain S6¢ (Tz486). This study also identified local rice cultivars Kalundi and Mahuhu as

resistant tdRB RYMYV strains and phylotypes (S4Im, S5 and S6w).
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CHAPTER ONE
1.0 Introduction
Rice Oryza satival.) is one of the major staple foods ranking second after whedtwide
(FAO, 2015). Rice production and processing is reported to be the source of employment and
income for billions of households in Africa and Asia (Mghasal, 2010). In Tanzania, rice is
the second most important staple cereal grain after maizesifiallholder farmers depend on
rice both for food security and cash (Mghaseal, 2010). Despite high demand of rice
worldwide, the productivity of the crop is limited (Kaet al, 2013). Low yield of rice have
been reported in most African countries including Tanzania-(2.2 t h') compared to yield
reported in rice growing countries in Asia such as Vietham {&® t h'), China (5.0 t H),
Thailand (4.9 t #) and Pakisin (4.0 t i) (Kilimo-trust, 2012; FAO, 2015). A number of biotic
and abiotic stresses have been reported to contribute to low yield of rice in Africa étano

2015). In Tanzania, rice productivity is affected by many diseases but the four mosamhpo



pathogens ar®ice yellow mottle virugRYMV), rice blast Pyricularia griseg, bacterial leaf
blight (Xanthomonas oryzagv. oryzag and brown leaf spotBpolaris oryza¢ (Chuwaet al,
2015; Dukuet al, 2016). Among these, RYMV is considered majonstraint in rice production

as it cannot be treated by chemicals.

Rice yellow mottle viruRYMV) which belongs to the gen&obemovirusis a widespread and

most important rice pathogen indigenous to Africa. The disease was first observed in 1966 in
Kenya (Bakker, 1970) and later reported in nearly all-giceving countries of SuBaharan

Africa (Abo et al, 1998; Traoréet al, 2001; Kouassiet al, 2005; Traoréet al, 2009;
Ndikumanaet al, 2011; Huberet al, 2013). In Tanzania mainland, thesf incidence was first
reported in 1993 in Mkindo irrigation project, Morogoro region (Kanyekal, 1996). Disease
incidence conveys information about the risk of contracting the disease, whereas prevalence
indicates how widespread the disease isgrticular period of time (Wubneh and Bayu, 2016).
Among the biotic factors, RYMV is a major rice production constraint (FAOSTAT, 2008; Lamo
et al, 2015; Huberet al, 2016). Yield losses due to RYMV ranging from 20% to 100% have
been reported, dependion the date and time of infection and type of rice variety (Taflat,

1990; Awoderu, 1991; Abet al, 1998; Kouasset al, 2005; LuzKihupi et al, 2009). The

virus is characterized by icosahedral particle of 30 nm in diameter that contaimgleessiand
positive sense genomic RNA (Tamm and Truve, 200Bjough extensive sequencing of various
isolates (Yasset al, 1994; Fargettet al, 2004), the genome organization of RYMV was found

to be 4,452 nucleotides (nt) long with the following cadsequences fronttp ANORF1, ORFX,

ORF2a, ORF2b and ORF3 (Fig. 1.1)(Liegal,, 2013).
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Figure 1.1: Map of genomic organization ofRice yellow mottle virugSource: Ling et al,

2013)
The Open reading frame 1 (ORF1) codes are for a protein movement (P1) (17.8 kDa) and
suppressor of gene silencing. The ORFx has unknown function but is needed to establish
infection where ORF2b is translated via frameshifting and ORF3 via subgenomic RI¢A. T
ORF2 is suldivided in ORF2a and ORF2b, encode for a polyprotein (protease, VPg; RNA
dependent, RNA polymerase) and putative proteins P10 and P8 in the C terminal of P2a. The

ORF3 encodes for a coat protein (CP) of 239 aa (26 kDa) @tiaf, 2013).

The disease is characterized by mottling and yellowing symptoms on leaves, stunted growth,
reduction of tiller formation and grain sterility (Kouasgial, 2005). In severe cases, infected
plants may die. Symptoms of RYMV in the field vary consideraldpethding on the rice
genotypes, viral strain, age of the infected plants, stage of infection and the environment (Taylor
et al, 1990; Ndjiondjopet al, 1999).Rice yellow mottle virus transmitted mechanically by sap

of infected leaves that come intontact with the cells of healthy leavasd insect vectors
(family Chrysomelidag (Bakker, 1970; Sarrat al, 2004; Traoréet al, 2008a).Rice yellow

mottle virusis also transmitted by wind mediated leaf contact (Satrral., 2004) and through
guttatin fluid (Abo et al, 1998) and irrigation water (Abet al, 2000; Ukeet al, 2014),
contaminated hands of field workers, cortimahsmission by cows, donkey and rats (Sarra and

Peters, 2003) or transplanting seedlings in soil contaminated by riceesinbbtporated into



fields previously infected (Sarra, 2005; Traetél, 2008a). Several insect species with chewing
mouthparts, particularly Chrysomelid beetles and grasshoppers have been reported to transmit
RYMV from wild hosts and weeds to rice ptan(Kanyekaet al, 2007). The virus can be
detected in seed but it is not seed transmitit@shatéet al, 2001). These means of transmission
ensure short distance transmission within and between fields (Teal£2009). Insect vectors

and water bodis provide transmission at long distances (Fargsdti@., 2006; Ocholeet al,

2015).

The natural and narrow host range of RYMV is restricted to grasses oChlwideae
EragrostidaeandOryzeaetribes (Aboet al, 1998; Allarangayet al, 2007). Primary sources of

virus inoculum could possibly be from indigenous rice suctDaga longistiminata Oryza
glaberrimaand alternative host weeds sucHraperata spandPanicum maximurfAllarangaye

et al, 2007). Reports have indicated tha #pidemics of RYMV are influenced by rice growing
environments (Traorét al, 2008a). Hull and Fargette (2005) and Traetrél (2008a) reported

that most RYMV epidemics occur in areas where irrigated rice is grown and also to a lesser
extent when wateis available for several months during the rainy season where lowland rice is
grown. Such environment provides favourable conditions for establishment and persistence of
insect vectors and alternative host plants. However, changes from direct seechngptanting

and consecutive changes of the cultivated rice varieties have been reported to increase the
incidence of RYMV (Konatéet al, 2001). Plant viruses with RNA genomes like RYMV, has
been reported to have a high potential for spatial and temyaniation through mutation and

drift (GarciaArenalet al, 2001) and their population were associated with vector transmission,



colonization of new geographical areas and agricultural practices (Gasmal et al, 2003;

Marco and Aranda, 2005).

Tempeature, relative humidity, rainfall and wind speed have been considered to be the most
important factors in the development and spread of pests and diseases €@Ratju2008). The
environment can influence host plant growth and susceptibility, path@geh vector
reproduction, dispersal, survival and activity as well as-pagiogen interaction. Harrington
(2002) also reported the effect of weather conditions on the veat@mitted pathogens for

viral diseases. It was therefore hypothesized thatenk@onmental factors may also play a key
role on RYMV disease and the vector epidemics. However, the influence of environment on

RYMV epidemics in rice was not well known, neither its impact on distribution of strains and

phylotypes.

Evolutionary studds conducted on RYMV indicated that the high rates of mutation and
recombination of RYMV have contributed to the highly diverse nature of the pathogen (Hébrard
et al, 2006). The RYMV diversity has been characterized serologically using monoclonal
antibode s ( N 6 @tale 2080pamd molecular studies by coat protein (CP) sequencing (Pinel

et al, 2000). These studies revealed that, RYMV encompasses six strains each of them having a
specific and restricted geographical range. Strains S1, S2 and S3dmaveeported to exist in

West Africa, while S4, S5 and S6 are found in East Africa (Fargeté, 2002b). A strain is a
genetic variant of a virus that is recognizable because of its unique phenotypic characteristics
that remain stable under natural ddions (Kuhnet al, 2013). Phylotype is a subset of studied

strains with close phylogenetic relationships and common trait values (Chetexet2013).



Phylogenetic studies showed that the centre of origin of RYMV was in East Africa (Ketiassi
al., 2005). Earlier studies in Tanzania Byubakaret al. (2003); Banwo (2004); Kanyelet al.

(2007) and Mpunamet al. (2012) have revealed highly diversity R¥MV with strains S4, S5

and S6 distributed along the Eastern Arc Mountains, Mbeya, Morogoro and Kilimanjaro regions.
However, these studies on the distribution of RYMV strains in Tanzania have focused on the
main rice producing regions. Therefore, theigsva need to explore the diversity and variations

of RYMV in new rice growing areas not previously reported considering the extensive area
which was under rice cultivation in Tanzania. Rice is grown in all regions in Tanzania but at very

varying levels oproduction and RYMYV is the main production constraint.

Farmers in developing countries have been using their own knowledge in managing plant

di seases (Bentley and Thiele, 1 9h@wledge &hd we v er
perceptions of RYMV disease in Tanzania is limited because symptoms can be misinterpreted
and farmersdé di sease management is often inef
documentation for RYMV management and improvement pugydSellaboration of farmers

with the formal research sector may offer researchers a mechanism to ensure that their work is
relevant to farmersd needs and conditions (J
breeding has been shown to be an effeatiag to select locally adapted rice genotypes and to

i mprove farmersé6é access to ustel, 1993; doshognd genet
Witcombe, 1996; Witcombet al, 1996) example breeding of rice cultivar Bekarosaka against

RYMV in Madagascar (far et al. 2007) . Therefore, there was
field practices, knowledge and perceptions on RYMV and to examine the RYMV disease

challenges faced by rice farmers in order to ascertain the proper disease management options.


http://jgv.sgmjournals.org/search?author1=Zakia+Abubakar&sortspec=date&submit=Submit

The icentification of RYMV rely on serological and nucleic atidsed techniques, as well as
determination of the physical anetal,c2008;Rined a | pr
et al, 2000). Serological techniques such as enzimked immunosorbet assay (ELISA)
(Clark and Adams, 1977), double immunodiffusion gel assay (DIGA) (&€e¢, 2005) and
tissue blot immunosorbent assay (TBIA) (Leh al, 1990) have been used to detect RYMV.
These techniques are based on an an@geibody binding rection between epitopes on the
surface of virus particles and the binding sites of specific antivirus. Usually, RYMV isolates are
first specifically detected by direct antibody sandwich (DAS) enzimked immunosorbent
assay (ELISA) using polyclonal antibes (Pinekt al, 2000) while its diversity is then analyzed

by indirect triple antibody sandwich (TAS) ELISA with a set of monoclonal antibodies that
allows the distinction of serotypes (Konatal |, 1997 ; et A0C Riseletral,
2000).The sequencing of the coat protein (CP) gene is more used to distinguish RYMV strains

(Fargetteet al,, 2002b).

The sensitivity of the antigeantibody reaction can be greatly increased with the addition of a
labeled probe to premise for the ELISA (Clakd Adams, 1977). The TBIA was first used in

the detection of several plant viruses in plant tissue byetad. (1990), and has since become a
widely used, sensitive and reliable method for plant virus detection. Virus particles have been
immobilized oo a nitrocellulose membrane by blotting infected plant tissue onto the membrane

surface and serological detection with polyclonal antibodies (Chang, 2009).

Nucleic acidbased approaches have been used extensively for identification of plant viruses,

patticularly since the advent of the polymerase chain reaction (PCR) ¢ aki 1988). Reverse



transcription (RT) of plant viral RNA genomes to a complementary DNA (cDNA) template and
amplification by cloning has been done since the early 1980s. Polymenas reaction has
been reported to be applied in different ways (Setildl, 1988; Fargettet al, 2004; Kisset al,
2008). These include disease diagnosis, detection of plant pathogens efSalki 1988),
molecular characterization (Fargeté¢ d., 2004), nucleotide comparisons between related

pathogen species (Kigs$ al, 2008) and evolutionary studies (Fargettal, 2004).

However, papebased technology has been developed and used successfully for sampling,
storage of nucleic acids andofecular characterization studies Mhize streak virusnd other
plant pathogens (Lampet al, 2000; Singtet al, 2004; Moscoset al, 2005; Ndunguret al,
2005; Grundet al, 2010; Mbegaet al, 2013). Flinders Technology Associates (FTAards
technology has been reported to be used either directly or indirectly in PCR (Roy and Nassuth,
2005). Several variations of RFCR have been developed, including nestéilic and
Yardimci, 2012), one stegUga and Tsuda, 2005), multiple§Grieco and Gaillelli, 1999), real
time (Osmaret al, 2007), immunocupturéWetzelet al, 1992) and simplelirecttube RFPCR

(Suehiroet al, 2005).

The use of resistant rice cultivars is an important RYMV control strategy, but it often fails
because resistance breaking (RB) pathogen causes the released resistant genotypes become
susceptible within a short period of time. Resistance breakdown is diene phenomenon of

a resistant cultivar becoming susceptible due to changes in the pathogen race virulence (Poland
et al, 2009). However, insect vector control and prophylactic measures such as high surveillance

of seedbeds, fields and weed reservaire used for management of RYMV despite time



consuming and variable efficiency (Traoe¢ al, 2008b; Pine(zalzi et al, 2016). Better
understanding of the factors that favor the emergence of pathogen virulence is essential for
planning strategies for éeding and the use of resistance that will result in durable protection.
Virulence is defined as the genetic ability of a pathogen to overcome genetically determined
resistance and to cause a compatible interaction leading to disease development drptaethos
(Shaneret al, 1992; PinelGalzi et al, 2007). Highly resistant varieties to RYMV which are
genetically monogenic have been identified by several workers (&t 1998; Ndjiondjopet

al., 1999; Jaw, 2010; Thiemédt al., 2010).

Partial genetic resistance (Quantitative trait locus (QTLS)) which is polygenic has been reported
to be widespread i@ryza sativasubspjaponicacultivars such as Azucena (Albar al,, 1998).

The resistance conferred by recessive ge¥&V1(Ndjiondjopet al, 1999) has been reported

to be located on chromosome 4 (Altaral., 2003) and encodes the isoform of the eukaryotic
translation initiation factor 4G (elF (iso) 4G1) (Albair al., 2006) but RYMYV is able to evolve

fast. Generally, most of resistansources to RYMV come fro@ryza glaberrimaRYMV2and
RYMV3have been identified o®ryza glaberrimalTog7291 and Tog5307, respectively (Pinel
Galzi et al, 2016; Pidoret al, 2017). The emergence of RYMV phylotypes able to overcome
the resistance of aessions withrymv12 and rymv13 alleles andRYMV2gene has been
observed in experimental conditions (Fargettel, 2002a; Traor@t al, 2006; PinelGalzi et

al., 2016).



1.1 Justification

The distribution of RYMV strains in Tanzania have focusedhenrhain rice producing regions
(Abubakaret al, 2003; Banwoet al, 2004; Kanyekeet al, 2007; Mpunamiet al, 2012),
indicating the existence of three strains (S4, S5 and S6). Previous studies by Ammibalkar
(2003) and Kanyekat al (2007) reportedhat the three strains are made up by two widely
unrelated serotypes (Ser4 and Ser5). Based on molecular typing, Ser5 was made up of two
strains S5 and S6 while Ser4 consists of one strain S4 which has two lineages and other
phylotypes. However, the knoadge on RYMV genetic diversity relies on a limited number of
coat protein sequences. Previous studies revealed the presence of the phylotype S4lv, S4Im and
strain S5 in Mwanza, Mbeya and Morogoro regions, respectively, and strain S6 in Kilimanjaro
region aad Pemba Island (Abubakat al, 2003). In 2005, the strains S4 and S6 were first
detected in Morogoro and Kilimanjaro regions, respectively, whereas the strain S5 was restricted
to Kilombero Valley, Morogoro region (Kanyela al, 2007). Since this publication, very few

data on RYMV in Tanzania have been available. Therefore, this study explored the diversity and
variations of RYMV in new rice growing areas considering the extensive area which is under
rice cultivation in Tanzami. The study also explored the effect of environment on the

distribution of RYMV strains and phylotypes in surveyed rice growing areas.

Several serological and molecular diagnostic techniques for identifying RYMV have been
devel oped efaN @B Rinelstaln2000). However, serological techniques are less
specific for serotype Ser5 which is composed of strains S5 and S6 (Fatgatt2002b). Also
strainspecific molecular tools for distinguishing the two lineages of the strain S4 and other

several phylotypes were lacking (Banefmal, 2004; Kanyekat al, 2007), it was necessary that



new primers specific to Tanzanian RYMV strains (S4, S5 and S6) were designed in the current
study. This reduced the cost of sequencing and distinction of\R3tk&ins and variants in terms

of reagents and time. Furthermore, serological tools for the detection of RYMV cannot be used
on a large scale because of the high cost of kits, reagents and the need for molecular skills and
equipment. This called for optiration of simple, cheap and rapid alternative methods fer RT
PCR molecular based technology which are used successfully for sampling, recovery and

molecular characterization of RYMV.

Despite the use of resistant varieties being a solution for RYMV ,ectgwb still remain because

of the highly variable nature of the virus (Mpunami and Kibanda, 2008; Thiéhélg 2010).
Several differential rice genotypes pocessing RYMYV resistant genes have been releasest (Albar
al., 1998; Ndjiondjopet al, 1999;Jawv et al, 2010; Thiéméleet al, 2010; PinelGalzi et al,

2016; Pidonet al, 2017) but most of their resistance have not been tested with Tanzanian
RYMV strains and phylotypes. The emergence of RYMV variants able to overcome the
resistance of rice cultars withrymvlalleles has been reported (Fargettal, 2002a; Traorét

al., 2006). However, lack of information on the distribution of virulent strains and their effect on
prevailing rice genotypes slows the process of breeding for RYMV resistantangania.
However, the development of resistant varieties requires clear understanding of the interactions
between genetic variability of host and pathogen. Cultivars with durable resistance genes are
likely to be selected for cultivar improvement. Thestamce of highly genetic diverse groups of
RYMV in Tanzania (Abubakaet al, 2003; Kanyekeet al, 2007) may be associated with
emergence of resistance breaking strains. Identification of residbaeaking strains and

phylotypes in rice cultivars witRYMV1resistant genes in Tanzania will enable identification of



suitable resistant genotypes to improve local rice cultivars. These were; therefore, urgently call
for deliberate efforts to study the composition of each Tanzanian RYMV strains and phylotypes
and their reaction against rice cultivars and assess residigeaeng ability on rice cultivars
with known resistant genes. Such studies provide information required for breeding for durable
resistance of the rice crop to RYMV disease as managemetdgstita minimize yield losses

caused by the virus in Tanzania.

1.2  Objectives

1.2.1 Overall objective

The main objective of this study was to improve rice productivity in Tanzania through proper

identification and management Rice yellow mottle virus

1.2.2 Specific objectives
The specific objectives of this study were:
1 To determine geographical variation and phylotypes of RYMV in selected rice growing
areas.
1 To develop and optimize diagnostic tools for rapid identification and characterization of
RYMYV isolates.
1 To determine the virulence of well characterized Tanzanian RYMV strains against rice

varieties with known resistant genes.



1.3  Organization of the Thesis

The thesis is organized in publishable manuscripts format consisting of eight chapters. Chapter

one is general introduction of the thesis, chapter two, three, four, five, six and seven consist of

publishable manuscripts. Chapter eight is genenatlogion and recommendations.
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CHAPTER TWO



2.0 Geographical variation, distribution and diversity of Rice yellow mottle virus

phylotypes in Tanzania

2.1  Abstract

Rice yellow mottle virugRYMV) is the most important viral disease of rice in Africa. The
disease was first observed in 1966 in Kenya but has now spread in-gitowigg countries of
SubSaharan Africa. In Tanzania, the distribution of RYMV strains have been restricted to the
major ricegrowing regions. However, the knowledge on RYMV genetic diversity relies on a
limited number of coat protein sequences. Previous studies revealed the presence of the
phylotype S4lv, S4Im and strain S5 in Mwanza, Mbeya and Morogoro regionsctigsfy, and

strain S6 in Kilimanjaro region and Pemba Island. In this study, new surveys were conducted
during the cropping seasons 2013/14 in eight-gicaving regions of Tanzania to determine
geographical variations and phylotypes of RYMV and thauerite of environment factors on its
distribution and diversity. A total of 185 rice fields were surveyed and diseased samples were
collected. Results indicate that prevalence, severity and phylotypes of RYMV varied
significantly with rainfall intensity, teperature and relative humidity 0.01). The highest
prevalence was found in Morogoro (82%), Mbeya (80%) and Arusha (67.33%) regions whereas
Kigoma (9.33%), Rukwa (11.33%) and Shinyanga (18.67%) had the lowest RYMV prevalence.
In each region, RYMV prevance was higher in 2014 than in 2013. The highest prevalence and
severity of RYMV were significantly influenced by mean total rainfall, temperature and RH of
167 and 231 mm, 22.3 and 28°C and 87 and 93%, respectively. The phylotypes S4Im and new
determiné phylotypes (S6¢c and S6w) were highly adapted to low temperature (13.3°C) and

rainfall (13.7 mm) areas. The RYMV was widely distributed in the altitudes ranging from 25 to



1326 m.a.s.l. Two RYMV serological profiles were identified using monoclonal aivo
(MAbs M and E). For the first time, strains from the phylotype S4ug were found outside Uganda,
in Kilimanjaro region. Strain S4lv (phylotype Lake Victoria) was found for fire time in
Arusha region. The strain S4lm was found in Mbeya, Morogoro Ruidva regions. Strains

S4lm and S4lv were also found in Shinyanga and Kigoma regions, respectively. The strain S5
was still restricted to Kilombero district (IfakaNazaret area) but extended to new locations
such as Ulanga district as per this studgifigs. Strain S6 was found in several new areas and
new RYMV phylotypes of S6 (S6¢c and S6w) are reported in this study.

Keywords: Rice yellow mottle viryPrevalence, Severity, Environmental factors, Tanzania

2.2  Introduction

Rice Oryza sativaL.) ist he st aple food of more than half
2002). In Africa where consumption has grown faster than production, yield increase is one of
the major issue. Indeed, rice cultivation is facing several biotic and abiotic constRio#s.
yellow mottle virusRYMV) provokes the most important viral disease in most-giaving
countries of Africa (Kouasst al, 2005; Matsumurat al, 2009). The typical symptoms of the
disease are mottle and yellowing of the leaves, stunting of théspladuced tillering, poor
panicle exertion and sterility. Yield losses ranging from 200% on susceptible rice cultivars

due to variation levels of RYMV disease incidence and severity has been reported (l€buassi
al., 2005; LuziKihupi et al, 2009).In Tanzania, the second rice producer in Eastern Africa, rice

is the second most important staple crop. However, yield remains low, in the range2df 1.0
tons/ha, due to several constrains such as RYMV {Kilmipi et al, 2009; Mghaset al,, 2010).

The first incidence of RYMV was reported in 1993 in Mkindo irrigation project, Morogoro



region (Kanyekaet al, 1996).Rice yellow mottle viruzas detected two years later in the major
rice producing regions of Tanzania (Abubakaial, 2003). The virus was found in 100%, 50%
and 8% of the fields in Morogoro, Mbeya, Mwanza and Shinyanga regions, respectively. The
host range of RYMV is restricted to cultivated rice and few wild grass speciese(Ahp1998).
RYMV is transmitted mechacally mainly by sap contact and insect vectors (family
Chrysomelidag (Bakker, 1970). However, the virus is not seed transmitted but can be detected

in rice seed (Konatét al,, 2001).

The virus belongs to the genG®bemovirusand is characterized bgdsahedral particle of 30

nm in diameter that contain one single strand positive sense genomic RNA (Tamm and Truve,
2000). RYMV has a high level of genetic diversity, spatially structured and which gradually
decrease from West to East (Fargettal, 20®). Several serotypes and strains of RYMV have
been identified in various geographical locations (&bal, 1998; Mpunamet al, 2012). Six

major strains have been described (Fargettal, 2002; Abubakaet al, 2003), three (S4, S5

and S6) are founth East Africa. Tanzania has been reported as one of the biodiversity hotspot
of RYMV (Mpunamiet al, 2012). RYMV was first observed in 1966 in Kenya (Bakker, 1970)

and later reported in nearly all riggowing countries of SuBaharan Africa (Abet al, 1998).

Field studies in Pemba Island from the Zanzibar archipelago showed RYMV symptomatic
plants. Two different serotypes were detected using ELISA assays in various geographical areas:
one in Morogoro region and Pemba Island and one in Mbeya, Mwadz&hamyanga regions,

and later named as Ser5 and Ser4, respectively. Genetic analyses of the coat protein (CP) gene
confirmed the molecular basis of the two serotypes (Abubetkak, 2003; Banwcet al, 2004)

which also allowed the distinction of two pbtypes in the serotype Ser4: phylotypes S4lv and



S4lm (Abubakaret al, 2003). Coat protein sequences from Mwanza region (close to Lake
Victoria) clustered together in the phylotype S4lv while the phylotype S4Im gathered sequences
from Kyela Basin in Mbeg region (Northern shores of Lake Malawi). In addition, two different
strains were defined from the serotype Ser5: strains S5 and S6 with CP sequences from
Morogoro region and Pemba Island, respectively (Abubekat, 2003). In 2005, the strains S4
andS6 were first detected in Morogoro and Kilimanjaro regions, respectively, whereas the strain
S5 was restricted to Kilombero Valley in Morogoro region (Kanyekal, 2007). Since this

publication, very few data on RYMV in Tanzania have been available.

Rice yellow mottle viruss widely distributed in all rice growing conditions in Africa but the
information on the role of environmental factors on the virus distribution and diversity is limited.
However, the environment and the climate change can infudmst plant growth and
susceptibility, pathogen and vector reproduction, dispersal, survival and activity as well-as host
pathogen interaction (Jones, 2016). Few data suggested an influence of the environmental factors
such as temperature and rainfall RMMV epidemics. More epidemics occur in irrigated areas

and, also to a lesser extent, in lowland rice during the rainy season (&€rabr&008b). RYMV

was reported in every region in Madagascar except in the central highlands (Rakotetrallala

2008. In addition, the genetic diversity is spatially structured including strains from West and
East Africa which are different, even at a ¢

|l ocated in savanna and f oetde 80D0).areas are diffe

Therefore, today while rice intensification is a priority, the geographic diversity and

epidemiological surveys of the virus is needed in Tanzania (i) to detect RYMV presence in more



rice-growing regions, (ii) to precisely quantify the viralepalence and severity in each agro
ecological zones and (iii) to determine the geographical variation and spatial distribution of the
RYMV strains and phylotypes in the Tanzanian biodiversity hotspot. Finally, the relationship

between RYMV distribution, gnetic diversity and environmental variability were investigated.

2.3  Materials and Methods

2.3.1 Description of the study area

Field surveys were carried out in farmerso ri
Zone (Shinyanga region), thé/estern Zone (Kigoma region), the Southern Highland Zone
(Rukwa and Mbeya regions), the Eastern Zone (Morogoro and Pwani regions) and in the
Northern Zone (Kilimanjaro and Arusha regions) in Tanzania. The study was carried out in two
cropping seasons, Mar to May 2013 and April to May 2014 to determine the prevalence and
severity of RYMV strains on rice. The mean annual rainfall in the study areas ranged from 500

to 1400 mm/year with minimum and maximum temperatures of 13 to 23°C and 25 to 32°C,
respectiely. The rice fields were located in various altitudes ranging from 25 to 1326 m above

sea level.

2.3.2 Field Surveys

2.3.2.1 Distribution, prevalence and severity dRice yellow mottle virus

The surveyed areas were selected based on their histoigegfroduction, diverse ecological
backgrounds and reported frequent occurrence of RYMV. The surveys covered a total of 185
rice fields. Samples were collected using theMalk sampling method as described by Ardales

et al. (1996) to better understand thelationships between strains and environmental factors



within geographical areas. Geographical position system (GPS) coordinates, altitude and weather
data (rainfall, temperature, RH and wind speed) obtained from Tanzania Meteorological Agency,
for the peiod from 2013 to 2014 were recorded and collected, respectively. Tanzanian
administrative boundaries overlaid with collected GPS data using ArcGIS Software Package to
display location of the RYMV disease surveyed areas (Fig. 2.1). The GPS points were then
interpolated to create a geographical distribution maRioé yellow mottle viruglisease (Fig.
2.6).Altitudes of all locations visited [Mtava Mbu, Kiwowo, Maweni (Arusha), Kyela, Igurusi,
Chunya (Mbeya), Woria, Ndungu, Lower Moshi (Kilimanjaro), Madaganya, Dakawa, Vigoi
(Morogoro), Mkuti, Kibondo, Kasulu (Kigoma), Shinyanga, Kahama (Shinyanga), Kibaha,
Bagamoyo (Pwani), Mpanda, Sumbawanga kifa)] were recorded. Three hundred and
fourteen isolates of RYMV were obtained from diseased plants showing characteristic leaf
mottling symptoms. The diseased rice leaf samples were collected in nylon and paper bags
labeled and transported to the Afric&eed Health Center laboratory, Sokoine University of
Agriculture (SUA), Tanzania. These samples were kept into the freez8°& until when used

for further analysis.

The percentage of rice plants with RYMV disease symptoms over the total plant areaol

m was determined. In each locality, three counts were taken diagonally per field and 5 to 7 fields
per location were assessed at an interval of 10 to 15 km per location following the procedures of
Bekekoet al. (2012). Within each quadrat, RYMV @ralence was calculated using the formula
described by Nwilenet al (2009) as follows: RYMV prevalence = Number of rice plants with

disease/ Total number of rice plants (health and diseased) x 100.



Scores for disease severity were recorded usingitesdale of standard evaluation system for

rice (IRRI, 2002): where: 1 = no symptoms, 3 = sparse dots or streaks, 5 = general mottling of
the leaves, 7 = yellowing and stunting and 9 = necrosis and sometimes plant death. Disease
severity (S) was calculatetcording to the procedures described by Finninsa (2003) as:

S = ((n*1)+ (ng*3)+(Ns*5)+(n*7)+ (ng*9) )*100/( m+ns+ns+ ny+ ng)*9) where 1. N3, Ns Ny Ng

represent the number of leaves scored 1, 3, 5, 7 and 9, respectively.
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Figure 2.1: A geographic map showing locations (colored in green and red circles) of
Rice yellow mottle virudield surveyed areas (2013 and 2014 rice growing
seasons).

The RYMV disease prevalence and severity data were analysed as One Way Randomized Block
with three replications using GenStat Software Package. The data were subjected to arcsine
transformation to normalize the data before analysis (Wilknal, 1990).A constant value

(0.5) was added to each observation, before taking arcsine transformation (McDonald, 2014).
The mean separation test based on the different locations and years tested for disease prevalence

and severity were donRangaEestat®0.05he Tukeyds Mult

2.3.3 Laboratory studies

2.3.3.1 Rice yellow mottle virusletection and serotyping

A sample was prepared by grinding 0.1 g leaf in 1 ml of PBST x 1 buffer in a 2 ml tube at the
ratio of 1:10 (w/v) using TissueLyser II. Direcantibody sandwich enzymraked
immunosorbent assay (DABSLISA) using polyclonal antibodies raised against a strain from
Madagascar were used to detect RYMV in the rice leaf samples collected during the survey
(Fargetteet al, 2002). Two polystyrene microlate wells were used to score the optical density
(OD) values at 405 nm using ELISA spectrometer plate reader and the mean values were used
for analysis. Positive leaf samples for RYMV were selected and stor@®°&@ for molecular
analyses. Triplantbody-sandwich (TASELISA was used to assess the immunologicayjeo

of the RYMV isolates as described by Pieehl (2000). Two monoclonal antibodies (MAbs) (E

and M) were used to distinguish serotypes Ser4 and Ser5 which are wide spread in East Africa



Antibody M was non discriminative to each RYMV strain and was used as a reference to

quantify the overall virus titer independently of the serological properties of the isolates.

2.3.3.2 Viral coat protein gene sequencing

Total RNA of RYMV was extra@d from frozen infected rice leaves using the Rneasy Plant

Mini Kit (Qiagen) method as described by Pieehkl (2000). Viral suspension were collected in

2 ml eppendorf tube with sterile steel beads, frozen in liquid nitrogen and ground with high
speed TssueLyser Il mechanical shaker for 1 min at 30 rpm. The RTL lysis buffer was added,
mixed by vortexing then incubated in water bath at 56°C for 2 minutes and centrifuged at 7 000
rpm for 7 minutes. Tissues wer e bysprmingatleéd by
000 rpm for 1 min, and then the supernatants were transferred into 2 ml Eppendorf tubes.
Proteins of RYMV were removed by adding 700 ¢
and separately, centrifuged as above then the supernatasidt Wwgs discarded and transferred

into sterile 2 ml tubes. Ribonucleic acid was
rpm for two minutes. Nucleic acids were el ut e
column membrane and placed imfean sterile 1.5 ml tubes then centrifuged at 10 000 rpm for 1

minat 25°C. The obtained RNAs were stored in the freez&08C for RFPCR amplification.

A reaction of RTPCR to transcribe and amplify the coat protein gene consisted of a total volume
of 50 ¢l of a miwagdane as dgseribed byrPieehls(2000p The primer set
consisted of 5-CAAAGATGGCCAGGAA-3' (forward primer) and 5-
CTCCCCCACCCATCCCGAGAATT3 (reverse primer) were used to amplify the coat protein

(CP) gene of RYMV The amplification process involved initial denaturation at 94°C for 5



minutes followed by 30 cycles (denaturation at 94°C for 3 minutes, annealing at 55°C for 30
seconds, elongation at 72°C for 1 minute), then final extension and stop at 72°C for & minu
The products were confirmed using 1% agarose gel [in 0.5x -atdaste
Ethylenediaminetetraacetic acid (TAE) buffer] electrophoresis and sequenced by Biomed

Company.

2.3.3.3 Phylogenetic analysis for identification ofRice yellow mottle virustrains and

phylotypes
The 48 sequences of the coat protein gene were aligned with 7 reference strains retrieved from
the Genbank using CLUSTAL X with default parameters (Thomgtaal, 1994). Neighbour
joining tree was calculated from the pairwise amino aemuence distances between the aligned
coat protein genes of 53 RYMYV strains from Tanzania and 2 RYMV strains from Uganda. The
phylogenetic tree was constructed using the maximum likelihood method with default

parameters in SeaView software (Gatyal, 2010; Guindoret al, 2010).

2.4  Results

2.4.1 Variation in Rice yellow mottle viruprevalence and severity in Tanzania

The surveys covered two cropping seasons, March to May 2013 and April to May 2014, for a
total of 185 fields distributed in 8 rieggrowing regions of Tanzania. Morogoro region was
selected to be more intensively surveyed, as a major rice production atea RYMV

biodiversity hotspot.

Rice yellow mottle viruszvas found in all surveyed regions including Arusha in Northern Zone,

Kigoma in Western Zone, Pwani in Eastern Zone and Rukwa in Southern Highland Zone of



Tanzania. The analysis of variance for disease prevalence for the two rice growing seasons
showed stistically highly significant differences (P < 0.001) across locations (Table 2.1). The
mean disease prevalence of RYMV across regions varied from 9.33% in Kigoma region
(Western Lake Zone) to 82% in Morogoro region (Eastern Zone), respectively, ovwanthee

growing seasons (Table 2.1). The highest prevalence of RYMV was found in Mbeya, Morogoro
and Arusha regions whereas Shinyanga, Kigoma and Rukwa showed the lowest prevalence. The
RYMV prevalence in Pwani and Kilimanjaro regions was intermediateath region, RYMV
prevalence was higher in 2014 than in 2013. The annual variability of the RYMV prevalence in
each region explained 90% of the variability (Fig. 2.2). The lowest RYMV variability was found

in Shinyanga region whereas Pwani and Morogor@mnsgshowed the highest variability.

Disease severity was assessed using the standard evaluation system (SES) for RYMV symptoms
(IRRI, 2002). The maximum value of RYMV severity was observed at 55% in Morogoro region

in 2014.Rice yellow mottle viruseveriy varied from 15 to 55% depending on the region and the
year (Table 2.1). The trends of RYMV severity in Pwani and Kilimanjaro regions were the same
and intermediary as for RYMV prevalence. Although RYMV severity was generally higher in
2014 than in 2013 xceptions were observed for Arusha and to a lesser extent Shinyanga region.
However, the annual variability of the RYMV severity in each region explained 45% of the
variability (Fig. 2.2). The lowest RYMV variability was again found in Shinyanga region

whereas Morogoro region showed the highest variability.

Table 2.1: Disease prevalence and severity &ice yellow mottle virugor surveyed regions

2013 and 2014 cropping seasons

Location 2013 2014

Prevalence (%) Severity (%) Prevalence (%) Severity (%)
Arusha 50.33a 42.33a 67.33b 30.00c
Kigoma 9.33d 15.33d 30.33de 28.33cd




Kilimanjaro 23.33c 36.33b 45.00c 44.33b
Mbeya 60.33a 50.33a 80.00a 53.00a
Morogoro 54.33a 37.33ab 82.00a 55.00a
Pwani 30.33b 32.00bc 60.00bc 40.33b
Rukwa 11.33d 18.33d 35.00d 30.67c
Shinyanga 18.67c 26.33c 25.00e 25.00d
Mean 32.25 32.29 53.12 38.33
LSDo.05 3.582 3.575 2.053 2.963
F test *k%k *kk *kk *k%
CV (%) 3.2 16.5 2.2 0.5

Values are means of three replicates in two separate seasons (2013 and 2014). Values were
Arcsine transformed before analysis. Numbers followed by the same letters in a column are not
significantly different at P < 0.05, wusing Tu
*** = highly significantly different (P < 0.001)

Figure 2.2: Rice yellow mottle virugprevalence and severity in Tanzania for 2013 and 2014
cropping seasons. Linear regressions were calculated and determination
coefficients were indicated when pralue <0. 05
Weather parameters (temperature, wind speed, rainfall and RH) were relatedaie noe
severity and distribution of RYMV phylotypes within the fields and locations (Fig. 2.3). In 2013,
the highest RYMV disease prevalence and severity were recorded in Mbeya region (Southern
Highland Zone), receiving a total rainfall of 167 mm and gerature ranging from 16.8 to
27.7°C (Fig. 2.3(a)). The RH value of 70.4%, wind speed of 4 km/h and temperature range of 20
to 31°C were associated with high RYMV prevalence and severity in Morogoro region (Eastern
Zone). A similar trend was observed in120rice cropping season (Fig. 2.3(b)). The S4lm
phylotype and S6 strain of RYMV were highly associated to low temperature (13.3°C) and
rainfall (13.7 mm), respectively. The highest RYMV disease prevalence and severity were
observed only in areas with stigpnvind conditions such as mean wind speed of 9.3 and 18.5

km/h recorded in Pwani and Arusha, respectively (Fig. 2.3(b)).The high prevalence and severity



in Mbeya, Morogoro and Pwani regions as shown in Fig. 2.3, were associated with high rainfall,

but in Arusha region were probably associated by wind speed and temperature.

Figure 2.3: Relationship between weather andRice yellow mottle viruslisease parameters
in studied regions in Tanzania (2.3a) 2013 cropping season (2.3b) 2014
cropping season. TheRYMV strains and phylotypes detected in each region
were indicated at the center.

2.4.2 The effect of altitude on the prevalence and severity &®ice yellow mottle virus

strains and phylotypes
The rice fields in this study were located in variougwadiés ranging from 25 m to 1326 m above
sea level. The results have shown that the prevalence and severity of RYMV varied with
altitudes (PO 0.05) (Fig. 2.4). The results also showed that, RYMV prevalence and severities
were slightly influenced by altitwed This is because they were high in Arusha and Mbeya
regions where altitudes are high and also in Morogoro and Pwani regions where the altitude is
low (Fig. 2.4). The highest disease prevalence (81.3, 88.9, 90.3 and 95%) were recorded in
Chunya (MbeyeHighland), Madaganya and Vigoi (Moroge@oast belt) and Kyela (Mbeya
Highlands) located at altitudes of 524 m, 505 m, 480 m and 529 m above sea level, respectively
(Fig. 2.4). The highest RYMV disease severity was also recorded in the same regions. However,
rice fields in Kasulu, Kigoma (Western Zone), located at 1319 m, had the lowest RYMV

prevalence (15%) and severity (13%) of RYMV.



Figure 2.4: The effect of altitude on the prevalence and severity &ice yellow mottle
virus disease in the studied regions in Tanzania.

2.4.3 Laboratory study

2.4.3.1 Serological characterization dRice yellow mottle virussolates

A total of 193 samples collected from surveyed areas in Tanzania were positive for RYMV in
Double Antibody Sandigh EnzymelLinked immunosorbent Assay (DAS ELISA). RYMV
isolates were serotyped using two monoclonal antibodies (MAbs M and E) in TAS ELISA
(Table 2.2). The isolates belonged to two serotypes, Ser4 and Ser5 which have already been
described in Tanzania. €hserotype Ser4 was detected in all regions except in Pwani (Coast).
Ser4 of RYMV was detected for the first time in this study in Arusha, Kilimanjaro, Kigoma and
Rukwa regions. The second serotype (Ser5) was also found in each surveyed region except in
Rukwa (Plateau). These isolates showed negative reactions with all MAbs (M and E) and were
designated as Ser5. Several variants of the two serological profiles (Ser4 and Ser5) were
distinguished by their unusual reactions with both MAbs. Serotype Ser5 wv@sled for the

first time for one isolate from Kigoma (Western Zone) and two isolates from Mbeya (Southern

Highlands) where S6c and S6w phylotypes were found.

Table 2.2: Serotypes oRice yellow mottle virussolates from the study locations

Location Ser4 MAbs Ser5 MAbs Total
E M E M

Shinyanga 5 4 4 2 0 0 7

Kigoma 5 4 4 1 0 0 6

Rukwa 5 4 4 0 0 0 5

Mbeya 6 4 4 2 0 0 8

Morogoro 16 4 4 121 0 0 137




Pwani 0 4 4 14 0 0 14
Kilimanjaro 4 4 4 5 0 0 9
Arusha 4 4 4 8 0 0 12
Total number of 45 153 198
isolates

Absorbance values i n EL.SAMBWeED QC6otdo0eRH las f ol |
12 1 @1B.68 001.816 4 6

2.4.3.2 lIdentification ofRice yellow mottle virustrains and phylotypes

To characterize the RYMV diversity, the coat protein genes of 48 strains, 21 from the serotype
Ser4 and 27 strains of the serotype Ser5, were sequenced and analyzed by the maximum
likelihood method (Fig. 2.52.6 and Table 2.3). Sequences of the strao® the serotype Ser4d
clustered in the strain S4 which is divided into three phylotypes (S4ug, S4lv and S4lm). For the
first time, strains from the phylotype S4ug were found outside Uganda, in Kilimanjaro region
(Northern Zone of Tanzania). Strain S4lv yfatype Lake Victoria) was found for the first time

in Arusha region. The strain S4Im (first reported in Kyela Basin in Northern shores of Lake
Malawi) was found in Mbeya, Morogoro and Rukwa regions. Surprisingly, the strains S4lm and
S4lv were detected iBhinyanga and Kigoma regions, respectively. The strain S5 is still
restricted to Kilombero district in Morogoro but extended to new locations such as Ulanga
district, where it had not been reported previoustyce yellow mottle virustrains which
belonged to S6 were found in new areas, in Woria dividfaimanjaro, Kigoma and Mbeya
regions where they have not been reported previously. They were also found in Pwani, Morogoro
and Arusha regions. Furthermore, group S6 was made up of twenty two sequestam®f

from Ser5 clustered in the strain S6 group which divided into two new phylotypeswiséw
distributed and S6coast area). The environmental factors such as temperature, rainfall and RH
may play role and trigger the geographic distribution ofigtlype variation within the genetic

structure of the RYMV populations.



Phylotypes of RYMV were S4Im (strain Tz408), S6w (strain Tz303) and S6¢ (Tz305) in Mbeya
region (Southern Highlands), while S4Im (strains Tz441, Tz483, Tz526, Tz554), S5 (Tz416,
Tz429,Tz445, Tz449, Tz450, Tz454, Tz460, Tz461), S6¢ (strains Tz452, Tz523, Tz510, Tz539,
Tz608, Tz619, Tz651, Tz801), S6w (strains Tz463, Tz486) were identified in Morogoro region
(Eastern Zone). Phylotype S4lv (strains Tz421, Tz507, Tz516, Tz520) and 3fts(3z504,
Tz512, Tz515) were identified in Arusha region (Northern Zone) (Fig. RiSg yellow mottle

virus phylotypes varied across geographical areas in Morogoro region (Eastern Zone) compared

to other regions and these similar trends prevailed tin §masons (Fig. 2.5).

Furthermore, results from this study have indicated that the coat protein gene of the 28 strains
sequenced had the same length of 720 bp, except 6 strains (Tz429, Tz460, Tz461, Tz416, Tz445,
and Tz446), which had a long sequenc&28 bp and one isolate Tz554 had a short sequence of
718 bp. The long sequence was due to extra nucleotides (AGA for Tz554, Tz460, Tz461 and
AGG for Tz416, Tz445 and AAG for Tz446) which coded for an extra amino acid arginine at

position 56.
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Figure 2.5 Phylogeny of Rice yellow mottle virusin Tanzania. Phylogenetic tree

reconstructed by the maximum likelihood method from the ORF4 sequences

of the 54 strains including seven reference strains. The strains are indicated

by vertical bars.
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Figure 2.6: Location of Rice yellow mottle virustrains in Tanzania indicating surveyed

regions and detected strains

Table 2.3: Origin of Rice yellow mottle virussolates used as reference for ptogenetic

analysis of the collected isolates in this study

Isolate  Country Date Strain Accession Reference

Ugl Uganda 2000 Sdlv AM114523  Pinel and Fargette, 2006
Ug230 Uganda 2010 S4ug KM487713  Ocholaet al, 2015

Tz5 Tanzania 1997 S4lv AJ608216 Fargetteet al, 2004

Tz8 Tanzania 1996 S4im AJ511797 Abubakaret al, 2003
Tz3 Tanzania 1997 S5 AJ279940 Pinelet al, 2000

Tz16 Tanzania 2002 S6 AJ885157 Rakotomalalaet al., 2013
Tz11 Tanzania 2001 S5 AJ608215 Fargetteet al, 2004
Tz615  Kilimanjaro 2014 S4ug this study

Tz601  Kilimanjaro 2014 S4ug this study

Tz508  Kilimanjaro 2014 S4ug this study

Tz612  Kilimanjaro 2014 S4ug this study

Tz403  Kigoma 2014 S4lv this study




Tz507  Arusha 2014 S4lv this study

Tz520  Arusha 2014 S4lv this study
Tz516  Arusha 2014 S4lv this study
Tz421  Arusha 2014 S4lv this study
Tz702  Shinyanga 2014 S4lm this study
Tz701  Shinyanga 2014 S4lm this study
Tz407  Shinyanga 2014 S4lm this study
Tz543  Shinyanga 2014 S4lm this study
Tz408  Mbeya 2014 S4lm this study
Tz401  Rukwa 2014 S4lm this study
Tz402  Rukwa 2014 S4lm this study
Tz405  Rukwa 2014 S4lm this study
Tz554  Morogoro 2014 S4lm this study
Tz441  Morogoro 2014 S4lm this study
Tz483  Morogoro 2014 S4lm this study
Tz526  Morogoro 2013 S4lm this study
Tz454  Morogoro 2013 S5 this study
Tz460  Morogoro 2013 S5 this study
Tz461  Morogoro 2013 S5 this study
Tz429  Morogoro 2013 S5 this study
Tz450  Morogoro 2014 S5 this study
Tz449  Morogoro 2014 S5 this study
Tz445  Morogoro 2014 S5 this study
Tz416  Morogoro 2014 S5 this study
Tz463  Morogoro 2013 S6¢ this study
Tz452  Morogoro 2013 S6¢ this study
Tz303  Mbeya 2014 S6¢ this study
Tz486  Morogoro 2014 S6¢ this study
Tz607  Kilimanjaro 2014 S6c this study
Tz515  Arusha 2014 S6c this study
Tz504  Arusha 2014 S6c this study
Tz512  Arusha 2014 S6c this study
Tz503  Kilimanjaro 2014 S6¢ this study
Tz525  Pwani 2014 S6c this study
Tz533  Pwani 2014 S6c this study
Tz539  Morogoro 2013 S6w this study
Tz523  Morogoro 2014 S6w this study
Tz510  Morogoro 2014 S6w this study
Tz608 Morogoro 2013 Séw this study

Tz305 Mbeya 2014 Séw this study

Tz406 Kigoma 2014 Séw this study

Tz801 Morogoro 2013 Séw this study

Tz651  Morogoro 2013 S6w this study
Tz619  Morogoro 2014 S6w this study

S4lv = Strain 4Lake Victoria, S4ug = Strainrdganda, S4Im = Strainldake Malawi, S6¢ = Strain-6oast area,
S6w = Strain 8vide, Tz = Tanzania



2.5 Discussion

In 2013 and 2014, rice in Tanzania was seriously affected by RYMV with 40% mean prevalence,
although spatigemporal variations were observed. The RYMV prevalence data found in this
study confirmed the previous report that defined Morogoro and Mbeya seg#ohotspot areas

of the disease compared to Shinyanga regidwubakaret al, 2003). Nevertheless, in Mbeya
region the number of infected fields has been found to be lower than in Morogoro region (50%
vs 100% in 2005). The RYMV prevalence was measured as percentage of symptomatic plants
onto total number of plants in the studiegiadrats while severity was assessed on the
symptomatic plants using a standard scale. In Shinyanga, the number of symptomatic plants was
low, may be due to unfavorable conditions for RYMV in this region. Symptoms variability in the
field would be associatd with several factors such as changing of rice cultivars, poor
agricultural practices, phenological and physiological status at the survey period, inoculum doses
and transmission frequency caused by vector population. These factors may also conthieute to
annual variability of RYMV disease in each surveyed region that statistically indicated only 45%

of the total variability.

However, the rice fields surveyed in the current study were surrounded by mountains and forest
with thick grass vegetationsahmay have been the source of RYMV insect vectors and created
conditions favorable for spread of RYMV. This observation is consistent with earlier and recent
reports that natural sources of RYMV infection and spread of RYMV to rice crops were present
in afew waterdependent wild grasses, sucheahinochloa colon@andPanicum repengAbo et

al., 2000; Nwileneet al, 2009). The spread of RYMV and its diversity in Tanzania may be

associated with an agerxological change, extension of rice cultivation tewnareas and


http://jgv.sgmjournals.org/search?author1=Zakia+Abubakar&sortspec=date&submit=Submit

modification of landscape ecology (Traoeé al, 2009). Phylogeographic structure has been
reported to be highly dependent on landscape ecology (Fargetst, 2006). However,
geographical adaptation of RYMV strains found in this study may be caused by climatic

factors including temperature and RH. The RYMV prevalence and severity variability were

also observed between the surveyed years. However, the highest RYMV prevalence and severity
of RYMV were recorded in Morogoro region. In Arushangared to other regions, RYMV

severity was higher in 2013 than in 2014.

Variation of RYMV disease prevalence and severity could be attributed to changes in
epidemiological factors (environmental conditions), rice plant resistance and strain
aggressivenass However, rainfall and temperature variations might have influenced RYMV
insect vector population for the virus distribution in Tanzania. The RYMV disease incidence has
been reported to vary between rain and dry seasons (Tetat¢ 2008b). Traor@t al. (2008a)
reported that the epidemics of RYMV were influenced by rice growing environments. However,
RYMV is vectortransmitted disease and weather conditions may affect dynamics and population
of vectors transmitting the disease (Harrington, 2002). 8akk974) reported several beetles
with potential of transmitting RYMV. Emerging of new strains and variants has been reported to

increase RYMV disease incidence and severity (Oabiodd, 2015).

Serological characterization of RYMV strains confirmed the presence of two serotypes in
Tanzania. The serotype Serd4 showed the widest distribution and serotype Ser5 was mainly
detected in regions where the serotype Ser4 was present showing spatial dedriegen the

two serotypes. Molecular typing of RYMV strains suggested other overlaps between the



phylotypes S4Im and S4lv due to the emergence of these phylotypes into neRmegellow

mottle virusstrains and phylotypes invaded to Western and Nantffanzania from the Lake

Zone as well as to the Lake Zone from Southern highland in Tanzania. These results are
consistent with those of Traoed al (2001) i n Cote dolvoire whe
strain S1 and S2 had occurred. Fitness differeimea/e been reported to create changes in the
RYMV epidemiological dynamics (Traoré@t al, 2001). The first report in Tanzania
(Kilimanjaro region) of strain S4ug, a new invading strain in Uganda is an evidence of such
spatial evolution. The transmissi@i RYMV phylotypes from their geographical origin may
probably be influenced by both geographical and seasonal variations. However, new surveys are
needed in the neighboring regions to follow the overlaps with the strain S4lv and to determine
the circulathg strains in Kenya. Morogoro region had a large RYMV diversity with three
different strains, followed by Arusha, Kilimanjaro, Pwani and Shinyanga, both with two different
strains. Several distinct RYMV strains assessed using the sequences of their GRoyest:
variability in their geographical origins (Pinet al, 2000). Serological differences have been
reported between the RYMV strains from Ivory Coast and Kenya (Trabral, 2001).
Furthermore, Kanyeket al (2007) reported long sequence lengtisolates from Tanzania with

extra nucleotides (CGC) which code for an extra amino acid arginine at position 60. A shorter
sequence of an isolate Tz554 in this study was due to missing nucleotides for an amino acid
arginine at different positions 397, 40%2, 428, 442 and 468. This feature has been reported to

be typical of S5 strain (Fargette al, 2002).

Strain S5 isolates collected from Morogoro region showed variation according to the area of its

origin. Strain S5 was restricted only in the Kilbemo Valley and widely spread in Kilombero



and Ulanga districts. The strain S5 was reported by Kangekd (2007) to be restricted in a

small area (Ifakara ward) of Kilombero district in Kilombero Valley but it has now spread to new
areas. Abubakaet d. (2003) reported S5 strain to be found in areas with high disease incidence
(hotspot areas). The presence of three -B&stan strains in Kilombero Valley, Morogoro
region, a high diversity hotspot area of RYMV in Tanzania, offered the possibilitydy gte

micro geographical variation of RYMV in order to better understand the relationship between
strains and compare to what is found in other areas. Targeting a hot spot area may allow to
clearly know the structure of the RYMV population in terms o&iss and resistastireaking

(RB) strains and the relationship between the strains and pathological variants.

Previous studies reported the predominantly occurrence of phylotype S4lv in regions around
Lake Victoria (Kanyekeet al, 2007), but in this stly, S4lv was found in Northern zone of
Tanzania, Arusha regioRice yellow mottle virustrain S6 was found in several new areas and
new phylotypes of S6 (S6¢c and S6w) were determined in this study. The emergence of RYMV
phylotypes in the surveyed geoghépregions of Tanzania may increase and spread to other rice
growing areas. This may also support suspicious populations of RYMV insect vectors within the

country.

The surveyed environmental conditions favour existence of RYMV and support a large number
of vectors and RYMV reservoirs, thus resulting in high prevalence of the RYRRé yellow
mottle virus was introduced into Madagascar by long distance spread (>400 km) with
confirmation of a strong bottleneck effect (Traetéal, 2009). The insect vemts may provide

long distance transmission of RYMV (Fargettal, 2006) through existence of continuous



natural vegetation regionalise. Phylotype S4lm has been reported to spread from Lake Malawi
regions into eastern Tanzania, despite the mountaim ckbich separates the two regions
(Kanyekaet al, 2007). However, temperature, relative humidity, rainfall and wind speed are
considered as the most important factors that favors development and spread of plant diseases
(Jones, 2016) and completion ofcter life cycles (Traorét al, 2009).Rice yellow mottle virus

is transmitted by wind mediated leaf contact (Setral, 2004) and through guttation fluid (Abo

et al, 1998) and irrigation water (Abet al, 2000; Ukeet al, 2014) that could explain high
prevalence observed in high wind speed areas. These new results obtained in this study, call for
further studies that should take into account #négional variability of rice agrecosystems,

other factors from host (dutar, physiology, reservoirs), vector (insect population, transmission
level) and environment (as direct or indirect factor). The spatigporal model recently built by
Trovao et al (2015) may be applied to determine the relationship between the RYId&fhy

variable epidemics and environmental factors.
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3.1 Abstract

Surveys were conducted in eight rice growing regions of Tanzania, namely; Morogoro, Pwani,
Ar us ha, Kilimanjar o, Shinyanga, Ki goma, Mb ey
practices, knowled®y and perceptions oRice yellow mottle virugRYMV). The study also
examined challenges faced by rice farmers due to RYMV in order to ascertain the proper disease
management approadRice yellow mottle virudisease was assessed in the fields using gtsadr

of 1 m x 1 m Symptoms of RYMV and Direct Antibody SandwichEnzymelinked
Immunosorbent Assay (DAELISA) were used for disease diagnosis. A total of 126 samples
tested positive for RYMV with polyclonal antiserum. Rice farmers were allowed to narrate
problems, setbacks and achievements encountered in rice production in relation with RYMV.
The lowest RYMV disease incidence (25%) and severity (25%) of the disease were recorded in
Shinyanga region, while the highest incidence (82%) and severity (55%) neeorded in
Morogoro region. Most of the farmers interviewed (91%) cultivated their own saved rice seeds
while very few farmers (5%) were purchasing improved seed and only 4% received seeds from
district council via agriculture extension officers. Fofitye percent (45%) of farmers used the
broadcasting method to plant rice seeds, while 55% established nurseries and transplanted rice
seedlings 14 21 days after sowing. There were positive correlationgD(@.05) between
weeding method and source of selate spacing and occurrence (but not prevalence) of RYMV
disease. The majority of farmers interviewed weeded once per crop season and about 80% used a
hand hoe, while 20% used herbicides. All farmers indicated that RYMV disease occurred each
season at fferent incidences depending on varieties grown. Thirty two percent of farmers
indicated that the existence of RYMV disease over the past five years was due to local rice

cultivars they used. The findings indicate that RYMV disease remains a major priables



production in Tanzania. There is thus, a need for capacity building of rice farmers on
management of RYMV in the country.

Keywords:Far mer s 6 Riace gellow endttte @iruprevalence, Management

3.2  Introduction

Rice yellow mottle virugRYMV), belongs to the genuSobemovirusThe virus is a variable,
widespread and highly infectious ric®rfyza satival..) pathogen in Africa (Abeet al, 2005;
Kouassiet al, 2005). It was first observed in 1966 in Kenya (Bakker, 1970) and later réporte
nearly all ricegrowing countries of SuBaharan Africa (Aboet al, 1998). In Tanzania
mainland, the first incidence of the virus was reported in 1993 in Mkindo, Morogoro region
(Kanyekaet al, 1996). Since then, the disease has been reported atnadksthe rice growing

areas of Tanzania (Yamamo&t al, 1996).Rice yellow mottle viruss a variable and very
serious disease in Tanzania. The disease has different local names (Fagia, Kimyanga,
Kimbwengu, Kinasa, Mbekesemeans a rice plant killedepending on locality. It is now known

to occur in almost all irrigated and réied (flooded) lowland rice producing agezologies in

Africa (Hull and Fargette, 2005). The virus is readily transmitted when the sap of infected leaves
come in contact witlmealthy leaves either through mechanical injuries or through insect vectors.
Wind, mammals such as cows, donkeys and rats are also agents of dispersal of RYMVefTraoré
al., 2008a). The disease is characterized by mottling and yellowing symptoms, shavithl
reduction of tiller formation and grain sterility. In severe cases, infected plants may die.
However, symptoms are not always enough to identify the disease. The ELISA techniques using

antibodies is recommended in order to ascertain the presétiee wrus in infected rice plants.



Most rice cultivars, especially those of tBeyza sativaindica subspecies are susceptible to

RYMV.

Farmers in developing countries have been using their own knowledge in managing plant
diseases (Bentley and Thiel&,9 9 9 ) . However, the information
perceptions of RYMV disease in Tanzania is |i
ineffective. Such knowledge requires proper document for improvement purposes. Selener
(1997) documentechée advantages of involving farmers in research, extension and development
efforts. Collaboration of farmers with the formal research sector may offer researchers a
mechanism to ensure that their work is releyv
Witcombe, 1996). Rhoades and Booth (1982) reported that, the involvement of farmers in the
research process has increased the chance of success in the generation of appropriate agricultural
technology. Participatory plant breeding has been shown to bigeative way to select locally
adapted rice genotypes and to i mprove farmers
et al, 1993; Joshi and Witcombe, 1996; Witconabel, 1996). The approach may also enhance

far mer sé6 adopt idoiceteohhology. new i mpr ove

Rice farmers continue to count losses due to RYMV disease. The disease is a major problem in
rice production in Tanzania. The purpose of t
knowledge and perceptions on RYMV and tamine the RYMV disease challenges faced by

rice farmers in order to ascertain the proper disease management options.



3.3  Materials and Methods

3.3.1 Rice yellow mottlevirugsli sease survey in farmersoé rice
The study was c oaedeldsin ApdltoiMay, 20E8 and 2014 ©he majority of

the respondents were small scale farmers, growing raioveldnd rice. A total of 56 (7
fields/region) farmerso rice fields in select
Kilimanjaro, Sinyanga, Kigoma, Mbeya and Rukwa regions were selected randomly and
assessed for RYMV using quadrats of 1 m x 1 m. Three quadrats were established diagonally in
each field. At each quadrat the total number of plants and number of infected plants were
courted and disease severity scored according to standard evaluation system for rice (IRRI,
2002). Disease prevalence was calculated using the formula described by Nividen@005).

The number of infected plants within the three quadrants was summed pvated by the

number of quadrants to obtain an average for each field. The average obtained was used to
determine the disease incidence by taking the number of infected plants in each field as a
percentage of the total number of plants sampled in thlak fThe diseased rice leaf samples
collected were placed in paper bags, labeled and brought to the African Seed Health Center
Laboratory, Sokoine University of Agriculture (SUA) for further studies. The longitudes and

latitudes were recorded for each gdan locations using the GPS handset (GARMIRS 60).

3.3.2 Sampling methodology

Questionnaires for collecting information from farmers were constructed and included various
issues addressed during research. Rice farmers were allowed to narrate predtbatks and
achievements encountered in rice production in relation with RYMV. The collected

guestionnaire data included field characteristics (average size of the rice field, rice variety



cultivated, rice ecology and source of rice seeds used), fadmeesgr i cul t ur al prac
method used, line spacing and number of seedlings per hill), rice field management (weeding
method, type of fertilizer used and its dosage, time €dorging or transplanting in the same
field) and f ar Rieeysllow npotle \aregmawledga af RXAWV, years since

RYMV was first observed over the past five years, yield estimates after occurrence of the

di sease, resource use and the control measur
interviews, personabbservations and secondary data from different sources in the wards,
divisions, districts and regions. A farmer was a sampling unit and in each of the eight regions,
seven farmers were selected for the study, making a total of 56 farmers. Informatimedbta

from field surveys was documented for further use.

3.3.3 Immunological analysis ofRice yellow mottle virus

Direct antibody sandwich enzyntieked immunosorbent assay (DAS.ISA) was used to test

for the presence of RYMV in 126 leaf samples collected following procedures described by
Clark and Adams (1977) and Piretlal (2000). The polyclonal antiserum proédcagainst a
Madagascan RYMV strain was used as a primary antibody in this study. Samples considered
positive, were those with optical density values greater than twice the value for the healthy

control samples.

3.4 Data Analysis
The collected questionma data were analyzed using Statistical Package for Social Sciences
(SPSS) Version 9.1. Descriptive statistics, analysis of means and frequencies was used to

summari ze the farmersd agricultural practices



Rice yellow mottle virus Relationship between each parameter was analyzed using the
Spearman's rho Correlation tool of the SPSS, which was conducted at 1% and 5% probability

levels.

The RYMV disease incidence and severity data were analysed as one waynikaddBlock

using GenStat Software Package. The data were subjected to Arcsine transformation to
normalize the data before analysis (Willianal, 1990). A constant value (0.5) was added to
each observation, before taking Arcsine transformation (McDog28lti4). The mean separation

test based on the different locations and rice cultivars tested for disease incidence and severity

were done using the Turkeyds Multiple Range T

Table3.1: Rel ati onshi p bet ween f aanditbeirpeicepdogsonc ul t ur

Rice yellow mottle viruslisease

Farmer Type of practices Percentage of Reasons
agriculture Respondents
practices (%)
Source of rice Farmerds save 91 Strong aromatic, good cooking
seeds qualities, good milling, drought
resistance, medium and high yie
Seed company 5 Very good agronomic
performance
District council 4 No option
Line spacing 15cm 7 Many plants for high yield
20 cm 39 Normal spacing
25cm 2 Advised by AEO
Random 52 Easy and fast transplanting
Weeding method Hand hoe 80 Affordable
Herbicides 20 Expensive
Rice plant One week before sowing 14 No need of raveeding
weeding stage Seedling 7 Planting on weedy fields
Tillering 43 Good for better booting
Booting 36 Opportunity of weeding once
Planting method Broad casting 45 Easy for more than 1 ha, need
enough seeds
Transplanting 55 Economize seeds, heavy

vegetative, to follow good
agriculture practices ie spacing
RYMV disease  None 43 Lack of knowledge
control Fertilizer application 23 Suspected nutrient deficiency
Uprooting infected rice plants 12 Reduce transmission of disease




healthy plants

Burying infected rice residual: 11 Eradicate RYMV
Fallowing 7 Disease may disappear
Burning rice residuals 4 To destroy RYMV and their

insect vectors

3.5 Results

3.5.1 Rice yellow mottle viruslisease surveys

Surveys were conducted in eight rice growing regions of Tanzania, nhamely; Morogoro, Pwani,

Ar us ha, Kilimanjar o, Shinyanga, Ki goma, Mb ey
practices, knowledge and perceptions Rigce yellow mottle virugRYMV). Results of the

RYMV disease surveys in farmerso rice fields
results showed th&ice yellow mottleviruwas a wi despread di sease in
regions covered in this study. The prerale and severity of the disease ranged between 25 and

82% and 25 and 55%, respectively. The lowest RYMV prevalence (25%) and severity (25%)
were recorded in Shinyanga region, while the highest incidence (82%) and severity (55%) were
recorded in Morogoroegion (Fig. 3.3). Based on the prevalence and severity of RYMV, the
regions were divided into two groups: Shinyanga, Kigoma, Rukwa and Kilimanjaro, where
prevalence and severity were low and Morogoro, Mbeya, Arusha and Pwani where RYMV

prevalence was highéhan severity.

3.5.2 Relationship between rice cultivars andRice yellow mottle viruprevalence and

severity
There was a positive correlation (®.05) between rice cultivars and the prevalence of RYMV
disease. However, rice cultivars and fertilizer application were also correlated (Table 3.2). The

prevalence of RYMV was highly variable depending on the rice variety (Table 3.3). Except the



rice varety Supa that showed a moderate level of prevalence (51%), the farmer preferred
varieties SARG6 70%, Zambia 90%, Kilombero 77%, Karimata 60% and Kihogo Red 85% that
were mostly highly infected by RYMV. Due to the high incidence of RYMV on rice cultivars
Zambia (90.33%), Kihogoed (85.00%), Kilombero (77.00%), Tondogoso (78.00%) and SARO

5 (70.00%) (Table 3.3), farmers were advised to replace these cultivars with R&Swvant
varieties. However, it was found that where the RYMV incidence was highusiceibility of

the rice varieties to RYMV was low or moderate. The severity of RYMV was also highly
variable in the rice cultivars and ranged from the cultivar Zambia (27%) to SAEB0%). The
incidence of RYMV was found to be correlated with the riegieties. The highest incidence
(90.33%) and lowest severity (27.00%) of RYMV were recorded on rice cultivar Zambia.
Twenty one percent of the rice farmers preferred the variety SBR@hich had moderate
RYMV incidence (70.00%) with high severity (50.67%d)able 3.3). Based on questionnares,
many farmers were complaining about RYMV and the adoption of released varieties resistant to
RYMV disease is still a challenge, because most of such rice varieties do not have qualities
preferred by farmers. This algushes rice breeders to develop chériver new improved rice

varieties with resistance to key diseases such as RYMV.

Table 3.2: Correlation coefficient between rice cultivars, seed source, rice ecosystem, line
spacing, weeding method, UREA fertilizemapplication and occurrence,

prevalence and control ofRice yellow mottle viruslisease in Tanzania (N = 56)

Rice Seed Rice Planting Line Weeding UREA Disease
cultivar  source ecosystem method spacing method fertilizer occurrence

Rice cultivar 1.000

Seed source -.243 1.000

Rice ecosystem -.136 -.195 1.000

Planting method -.250 .148 -.267* 1.000

Line spacing -.122 127 .265* -.406** 1.000

Weeding method .230 .315* .016 -.098 .297* 1.000

Di:
Cco



UREA fertilizer -.299* -.128 .355** .059 101 -.202 1.000

Disease occurrence .196 -.037 .220 -.186 .184 .331* -.387** 1.000
Disease control -.006 .193 .015 .262 .033 .034 -.302* .130 1.
Prevalence (%) .292* .163 -.341* -.082 -.016 .049 -.328** =177 .

** Correlation is significant at the 0.01 level-{ailed).
* Correlation is significant at the 0.05 leveli@led).

Table 3.3: The incidence and severity oRice yellow mottle viruslisease on commonly

grown rice cultivars in Tanzania

Rice cultivar Far mersoé pre Rice yellow mottle viruglisease
Incidence (%) Severity (%)
Japan 2 58.00d 20.33fg
Karimata 9 60.00d 31.00cd
Kihogo Red 7 85.00a 44.67a
Kilombero 9 77.00b 40.00b
Matela 4 58.33d 24.00ef
Msonga 2 40.00f 18.00g
Rangimbili 5 64.67cd 34.33c
SAROS5 (TXD 306) 21 70.00c 50.67a
Sena 2 55.33de 18.67¢g
Shingo ya mwali 4 45.00e 46.00a
Sukarisukari 2 18.00g 38.67b
Supa 13 51.33de 34.33c
Tondogoso 2 78.00b 30.33fg
Usiniguse 4 45.33e 20.67fg
Wahiwabhi 5 68.00c 42.00ab
Zambia 11 90.33a 27.00de
Mean 60.27 32.54
LSDo 05 1.281 2.236
F test *%k% *k%k
CV (%) 0.9 1.1

Values are means of three replicates. Numbers followed by the same letters in a column are not
significantly diff ersdutiple Rahge Pest<** §higllpsignificastiyng T u
different (P < 0.001)

35,3 Farmersd agronomic practices
Most of the farmers interviewed (91%) used their own saved rice seeds, while very few farmers

(5%) purchased improved seed from seed companiesrand% received improved seed from



district council via agricultural extension officers, because they were not able to buy seeds

(Table 3.1 and Fig. 3.1a).

There were negative correlations@®.05) and (FD0.01) between rice planting method and rice
ecology and line spacing, respectively (Table 3.2). Forty five percent of farmers used
broadcasting as a planting method while 55% established nurseries and practiced transplanting of
rice seedlings 1421 days after sowing (Table 3.1 and Fig. 3.1b)elspacing used by farmers
during transplanting was mainly random, 52% did not consider line spacing during sowing or
transplanting or 20 cm spacing (39%) (Fig. 3.1c). There were positive correlati@hg.(B)
between weeding method and source of seled,dpacing and occurrence (but not incidence) of
RYMYV disease (Table 3.2). The majority of farmers weeded once per crop season and about

80% used a hand hoe, while 20% used herbicides (Table 3.1 and Fig. 3.1d).

Figure 3.1: F a r maice sigronomical practices in the study area in Tanzania (a) source
of seed (b) planting method (c) line spacing and (d) weeding method

3.5.4 Rice cultivars preferred by farmers

Rice farmers in Tanzania preferred six rice cultivars which were growm isttidly area. These

were SARQG5, Supa, Zambia, Kilombero, Karimata and Kihogo Red (Fig. 3.2). Ten other
varieties (Japan, Matela, Msonga, Rangimbili, Sena, Shingo ya mwali, Sukarisukari, Tandogoso,

Usiniguse and Wahiwahi) were occasionally planted.



Therewas a positive correlation (©0.05) between the prevalence of RYMV and rice cultivars
(Table 3.2). Twenty one percent of the farmers interviewed preferred a rice variety-5ARO
(Table 3.3 and Fig. 3.2). However, the variety was the most severely dffgcRRYMV disease
(50.67%) (Table 3.3). The varierty SARDwas promoted for use by the Tanzania Agricultural
Partnership (TAP) Project and agriculture research institutes, but it was susceptible to many
diseases including RYMV (Mpunami and Kibanda, 20a8)wever, cultivar Rangimbili was
mostly grown (100%) by farmers in Morogoro region (Fig. 3.2). Rice variety SBR&&as

mostly cultivated (87%) by farmers in Kilimanjaro and Morogoro regions while Supa and
Zambia were also preferred mostly (87%) in Monmmgeegion. Rice cultivar, Kihogo Red was
grown in Mbeya (62%) (Fig. 3.2). Two other varieties grown in Morogoro and Kigoma but to a

lesser extent than the other varieties were Matela and Usiniguse, respectively (Fig. 3.2).

Figure 3.2: Far me r s 0 cepfrcenfmenlyeuitivated rice cultivars in main rice
growing areas in Tanzania

1= Japan, 2 = Karimata, 3 = Kihogo Red, 4 = Kilombero, 5 = Matela, 6 = Msonga, 7 =
Rangimbili, 8 = SARGb, 9 = Sena, 10 = Shingo ya mwali, 11 = Sukarisukari, 12 = Supa, 13 =
Tondogoso, 14 = Usiniguse, 15 = Wahiwahi, 16 = Zambia

Rice cultivars Supa, Zambia, Karamata, Kilombero and Kihogo Red were preferred by 13%,
11%, 9%, 9% and 7% of farmers interviewed, respectively (Table 3.3 and Fig. 3.2). A rice
cultivar, Japan that was cultivated by 2% of farmers in Ndungu Irrigation ScReoject,

Kilimanjaro region was provided by Japan International Cooperation Agency (JICA). All the

rice cultivars grown by the farmers in the areas surveyed were susceptible to RYMV (Table 3.3).



355 Ri ce ecosystems of suranayed farmerso field
The rice ecosystems recorded in this study werefeaifowland, upland and irrigated ecology
(Fig. 3). The results showed that most of the rice fields in all visited regions were unefedrain

lowland.

Figure 3.3: Relationship between rice ecosystems and incidence and severityRide

yellow mottle viruddisease in selected rice growing areas in Tanzania

In Mbeya region, 87% of rice fields were cultivated under rauidadand where RYMV
prevalence (80%) and sewugr{53%) were very high compared to other regions (Fig. 3.3). The
rice ecology was positively correlated with RYMV disease prevalence (Table 3.2). By contrast,
the results showed that 93% of rice fields in Shinyanga were cultivated on rainfed lowland, 5%
upland while 2% under irrigated ecology (Fig. 3.3). Farmers in Shinyanga region relied mainly
on rainfall for rice cultivation. However, disease prevalence and severity were low, 25% and

25%, respectively, compared to other regions.

3.5.6 Occurrence ofRice yellow mottlevirusl i sease over past five yea
fields

There were positive and negative correlation©@05) and (FO0.01) between RYMV disease

occurrence and weeding method and UREA fertilizer application in rice fields, resbecti

(Table 3.2). Occurrence ®®YMV disease is wide spread in the rice growing regions in the

country. The results in Fig. 3.4 showed that 100% of the farmers interviewed in Arusha, Mbeya



and Pwani rice fields indicated that RYMV disease occurred eashrsea different incidences
depending on the varieties grown. Such findings were also reported by 98, 92 and 60% of the
farmers interviewed in Rukwa, Morogoro and Kilimanjaro, respectively. Sixty seven percent and
40% of the farmers interviewed in KigomadKilimanjaro, respectively, indicated that, RYMV
occurred in their rice fields in 2014 following a period of five years without the disease (Fig.
3.4). The RYMV disease symptoms were reported in the rice fields in some parts of Shinyanga

in 2012 and 2014nd 2013 and 2014, as indicated by 33% of farmers interviewed.

Figure 3.4: Farmers response orRice yellow mottle viruslisease occurrence in rice fields

in the surveyed regions in Tanzania

3.5.7 Factors influencing occurrence ofRice yellow mottle virus

Thirty two percent of farmers interviewed responded that the existence of RYMV disease over
the past five years was due to local rice cultivars they used (Fig. 3.5a). Twenty percent (20%) of
farmers interviewed suspected that itswhue to poor rice field management while 17% of them
suspected the rice residuals and weed grasses as sources of the virus (Fig. 3.5b). This study
found that rice residues were sometimes used for demarcating fields to differentiate between
f ar mer %6 (Fig.i3d@®. Inpother locations visited, farmers interviewed (15%) indicated
that heavy rainfall and floods during rice cultivation influenced RYMV occurrence (Fig. 3.5a)
while 7% of the farmers suspected presence of trees and heavy grass vegadadigncd them

linked RYMV occurrence with disposal of weeds in water canals.

Such rice fields surrounded by heavy trees and grass vegetation may be the source of insect

vectors of RYMV. Water in streams and irrigation canals may introduce initial RYd¥ade



inocula in the straws to other areas, thus increasing the incidence of RYMV. Rice field hygiene
is not considered an important rice management factor for the farmers of Tanzania, due to labour
constraints for weeding. Most of them therefore, leavected rice residues in the fields after
harvesting and sow or transplant seeds within a short time in the same field. Two percent of
farmers indicated cows, burying of infected rice residuals and drought may influence the spread

of RYMV (Fig. 3.5a).



Figure 3.5: The diverse ecological background of rice management and possible
influence on dissemination ofRice yellow mottle virusn Tanzania based on
the visits to farmersod rice fields

3.5.8 Control strategies used by farmers againsRice yellow mottle viruslisease

There was a negative correlation@®.05) between RYMV disease control and UREA fertilizer
application (Table 3.2). The results also showed that most of farmers interviewed (43%
abandoned the RYM\hfected portions of their rice fields and did not destroy infected rice
plants (Fig. 3.6). Twenty three percent of farmers interviewed applied UREA fertilizers in their
farms after disease symptom appearance as a management stratbgydfsease. Some farmers

did not consider and use the recommended UREA dosage during fertilizer application. Seven
percent of farmers interviewed fallowed their rice fields as RYMV disease control measure in

areas where land availability was not limgi

However, the majority of the rice farmers (67%) who did not apply any control measure against

RYMV disease in their fields reported that they were expected to harvest 2.26 tons/ha



(Fig. 3.6). This was followed by 63% and 37% of farmers interete who expected to obtain
0.42 - 0.7 tons/ha and 0.72 1.25 tons/ha, respectively, without any RYMV disease control
measure (Fig. 3.6). Forty percent of farmers interviewed were not satisfied by their yie@8 (0
tons/ha) after the application of URHertilizer as a management measure of RYMV disease.
However, 33 and 21% of farmers interviewed and who applied UREA expected to get rice yield
of 1.26- 2.26 tons/ha and 0.420.7 tons/ha, respectively. UREA fertilizer was used because

some farmers tha@ht that the disease occurred due to soil fertility deficiency problems.

Other farmers interviewed mentioned that the poor rice yieldsO(8 tons/ha) were caused by
uprooting infected rice plants (13%), burying of infected rice residuals of previassrs€7%),
fallowing (13%) and burning previous harvested rice residuals (7%) as disease control measures

(Fig. 3.6).

Figure 3.6: Rice yellow mottle viruslisease control measures taken by rice farmers after

the disease occurrence and yield in their ce fields

359 Far mer s & p eRia gefloww mottre siruglisease

The results in Fig. 3.7 indicate that among 56 respondents interviewed in eight regions, 29%
perceived that RYMV disease was a major problem in rice production while 21% repatted th
resistant varieties to RYMV were deemed to solve the problem. Eighteen per cent of the
interviewed farmers reported that grass weeds, forest and heavy vegetation influenced RYMV
disease development, while 11% showed need for training on identificatlomanagement of
RYMV disease. Weather conditions such as high rainfall, wind and clouds were perceived by

11% of the respondents to influence the RYMV disease problem.



A

Figure3.7:. Far mer s 0 rRice yelow sidtle araslisease (N = 56), in rice

growing areas covered by the current study in Tanzania

3.6  Discussion

The present study revealed that the lowest RYMV disease incidence and severity were recorded
in Shinyanga region, whereas the highest incidence and sewasigy recorded in Morogoro
region.Rice yellow mottle virusmfection was mostly detected where local rice cultivars Zambia,
Kihogo Red, Kilombero, Tondogoso and SARQvere grown on a large scale under all rice
ecosystems. The result also confirmed theesjatead occurrence and severity of the RYMV
disease in all the riegrowing areas covered in this study. Most of the farmers interviewed in
Arusha, Mbeya and Pwani rice fields indicated that RYMV disease occurred each season at
different incidences depemdj on the rice cultivars grown. However, the highest RYMV disease

prevalence and severity was observed in the irrigated and lowland rice growing areas.

Farmers also confirmed the existence of RYMV disease over the past five years was due to the
local rice cultivars they usedRice yellow mottle virus e mai ns a maj or constra
fields in Tanzania. The farmers indicated that in some seasons, they harvested nothing due to
RYMV disease. It was observed through questionnaires that, farmerach&dowledge of

managing their rice plants in the field after infection by RYMV. S&ral (2008) reported that

the identity of RYMV host species and vector population in relation to the availability of
susceptible hosts were key determinants of theadis prevalence in the host community. It is

therefore, possible that the cropping practices and the presence of mobile insect vectors in the



surveyed regions have contributed to the prevalence RYMV in those areas. Several insect
species with chewing moparts, particularly Chrysomelid beetles and grasshoppers have been
reported to transmit RYMV from wild hosts and weeds to rice plants (Kangeka, 2007).
However, rice fields that were weeded late after the occurrence of RYMV disease had high

diseasencidence.

Most of farmers interviewed used their own saved rice seeds. Varieties produced and released by
seed companies and breeders, respectively, have not yet been adopted by farmers. This is
because farmers prefer to use their local cultivars dsen®e reasons including strong aroma,

good cooking qualities, good milling, medium and high yielding and sometimes drought
tolerance during periods of low rainfall. However, some local varieties are high yielding but not
aromatic and these were cultivatedif t he mar ket to increase farm
rice widely grown by farmers in Tanzania are aromatic whereas all the typical upland local

cultivars are noraromatic but highly adapted to drought stress in marginal rice land.

The use of SARE, Supa, Zambia and Rangi mbili rice cultivars correlated positively with high
RYMV disease incidence, indicating that they were highly susceptible to the disease. This is
because farmers maintained their local rice seeds that may be grown to the saimlelsicedr

a long time. Farmers value their local rice varieties because of their strong aroma, good cooking
gualities, good milling, drought resistance, medium and high yield. The variety SARES
promoted for use by the Tanzania Agricultural PartnprgfiiAP) Project and agriculture
research institutes, but it was susceptible to many diseases including RYMV (Mpunami and

Kibanda, 2008). Rice variety SAR® (TXD 306) was developed at Dakawa Research Center



from 1983 to 2002. The variety was bred when RYMMs not a disease of economic
importance in rice cropping systems of Tanzania (Msoetbal, 2002). Farmers in Mwea
region, Kenya indicated that a local cultivar, BW196 was very heavy and provided a lot of
energy compared to Basmati cultivar due to lataroma and poor cooking qualities (Kihaeb

al., 2013). Other studies confirmed the absence of genetic resistance to RYMV disease in all the
locally available rice cultivars in Madagascar (Rakotomadalal., 2008; Thiemelet al, 2010).

In Tanzania,some local upland rice cultivars such as Lunkuki and Mwangulu in Kilombero
Valley and Kyela Basin, respectively, are highly resistant to RYMV. It has been reported by
several authors that host genetic resistance is the most effective strategy in m&\ydgwvig

(Ndjiondjopet al, 1999; Thiemelet al, 2010).

Farmers in Tanzania grew rice during the rain season and under irrigation during the dry season
between August and December. Farmers in Mbeya region relied mainly on rainfall for rice
cultivation. Ths situation caused some farmers, particularly those that planted rice late after the
onsets of rains, to lose their rice crop due to droughte yellow mottle virusvas found in
abundance in the drought stricken fields. Furthermore, cattle were gnazlke stumps, ratoons

and volunteer rice plants after rice harvesting. While the cows were feeding they dropped dung
in the fields. Cow dung has been implicated in the transmission of RYMV in Madagascar
(Reckhaus and Andriamasintseheno, 1997) and thudd @so be involved in transmitting

RYMV in the areas covered by the current study.

Occurrence ofRYMV disease is wide spread in the rice growing regions in the country.

However, RYMV virus symptoms in the field vary considerably depending on the rice



gerotypes, strain, stage of infection and the environment (Dinant and Lot, 1992). This may
confuse farmers to differentiate between nutrient deficiencies or physiological disorders and
RYMV symptoms.Rice yellow mottle virusfected seedlings from the nurg= have been

reported as potential source of inoculum introduced into the field through transplanting

(Reckhaus and Andriamasintseheno, 1997).

Rice fields surveyed in this study were surrounded by heavy trees and grass vegetation may be
the source of irect vectors of RYMV. Water in streams and irrigation canals may introduce
initial RYMV disease inocula in the straws to other areas, thus increasing the incidence of
RYMV. These results are consistent with those of Sarra (2005) who reported that iedrrigat
rice, RYMV can be distributed randomly across the same region and across the same field. This
is because farmers dispose weeds which may be infected by RYMV in the water canals after
weeding their rice fields and such weeds are takeaviay by waterThis may be the source of
spreading RYMV disease from one field to another. However, rice field hygiene is not
considered an important rice management factor for the farmers of Tanzania, due to labour
constraints for weeding. Most of them therefore, leavected rice residues in the fields after

harvesting and sow or transplant seeds within a short time in the same field.

The results also showed that most of farmers interviewed abandoned the -R¥édiéd
portions of their rice fields and did not alwagestroy infected rice plants. These practices
contribute to additional sources of RYMV inoculum in the field. The results showed that farmers
applied UREA fertilizers in their farms after disease symptom appearance as a management

strategy for the diseasBome farmers did not consider and use the recommended UREA dosage



during fertilizer application. However, UREA fertilizer was used because some farmers thought
that the disease occurred due to soil fertility deficiency probl&mse. yellow mottle virusannot

be managed using chemicals, thus, the use of resistant varieties is very important. Thottappilly
and Rossel (1993) and Thiemed¢ al (2010) identified a few resistant accessionsOn

glaberrimaand its wild ancestd@ryza barthii

Farmers interiewed mentioned that the poor rice yields -(®.3 tons/ha) were caused by
uprooting infected rice plants, burying of infected rice residuals of previous season and fallowing
as disease control measures. The uprooting diseased plants can transmit RY Mis&ased

plant to health plants that may lead to low rice yield. Although farmers have tried to burn and
burry the previous rice residuals, their rice fields were surrounded by grassy vegetation that may
be harboring the RYMV insect vectors. Several arglave reported yield losses of 25 to 100%

due to RYMV infection, depending on the date and time of infection and rice genotypes (Albar

et al, 2003; Calveret al, 2003; Abocet al, 2005; Kouasset al., 2005).

This study has also demonstrated the need for breeding for resistance to RYMV, of rice cultivars
being grown by farmers in Tanzania. In undertaking such breeding work, consideration should

be given to consumer preferences and local rice cultivars as tedliday the farmers
interviewed. Zambia, the rice cultivar preferred by most of the farmers, is an indigenous cultivar,

with good adaptation to the local environment. We are of the view that it should serve as the
candidate for genetic improvement to addras susceptibility to RYMV and introduce
resistance toRice yellow mottle virus Adopti on of far mer sé kKno:

management, training on field practices for management of RYMV disease and development of



rice varieties resistant to RYMV dissawith preferable characteristics required by farmers and

consumers is recommended.
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CHAPTER FOUR

4.0 RT-PCR- Paper-Print method for detection and differentiation of Rice yellow mottle

virus strains S4, S5 and S6 in Tanzania

4.1  Abstract

A specific Reverse TranscriptaB®lymerase Chain Reaction (HPICR) - paper print based
method targeting the coat protein (CP) gene of the East Affiiaa yellow mottle virus
(RYMV) was used for rapid, accurate identification and differentiation of RYd#dlins S4, S5

and S6 collected in different rice ageoological regions in Tanzania. Flinders Technology
Associates (FTR) cards, Whatmahpaper strips (WPS) and Nitrocellulose miganes (NCM)

were analyzed for sampling, storage and recovery of RNA genome of RYMV for use in RT
PCR. Recovered genomic RNA attached to the paper matrix was tested using forward FS4
primer and reverse R20 primer that were developed. Forward FS4 prignexvanse R20 primer

each amplified all S4 and S5 strains at 281 bp. Forward FS5 primer and reverse R20 primer were
used and amplified only S5 strains at 278 bp and not S4 and S6 strains, implying that these RT
PCR tools can be used for detection and dhfiéiation of RYMV strains S4, S5 and S6. Primers

for S6 amplified all S6 strains at 584 bp implying that it is specific for S6. Flinders Technology
Associates (FTR) cards, Whatmahpaper strips (WPS) and Nitrocellulose membranes (NCM)

have shown that tlyecan successfully be used in the preparation, storage and retrieval of viral



ribonucleic acids (RNA) from RYMMnfected plant for direct use in the HACR reactions.

Flinders Associates Technology and WPS provided long storability for up to one year,
mairtaining live viral proteins at room temperature, while NCM retained live viral proteins for

up to 5 days. Results have shown that RT P@&perprint techniques can be used for quick
screening of RYMV in infected (Thedeehniguesshaves c o |
shown to be effective in sampling, storage and retrieval of RNA for use in the RT PCR. Future
studies should focus on the development of stspecific RFPCR primers for RYMV strain S4,

which was also addressed during this study.

Keywords: Detection, Sampling, RNA&xtraction protocoRT-PCR, RYMYV strains

4.2  Introduction

Rice yellow mottle virugRYMYV) is a wide spread and highly infectious disease of g/ £a
sativaL.) in Africa (Kouassiet al, 2005). The disease induces thog, yellowing, stunted
growth, reduction of tiller formation and grain sterility. Proper diagnosis of RYMV is important
for effective planning of disease control measures considering the high variability of the
pathogen. The use of symptoms for diagadasinot reliable as symptoms vary depending on the
virus strain, unfavorable weather conditions, nutritional imbalances, cultivar and plant growth
stage. Virudike symptoms can also be caused by biotic or abiotic injury on rice leaves (Lievens
et al, 2005; Uehardchiki et al, 2013). However, virus immundetection methods are currently
losing attention by many plant pathologists due to difficulties in getting antibody for the target
virus, cost of producing appropriate antibody and requirement gé laolume of samples

(Boonhamet al, 2014; Jeongt al, 2014).



The detection of RYMV strains are specifically done by direct antibody sandwich (DAS)
enzymelinked immunosorbent assay (ELISA) using polyclonal antibodies (feinal, 2000),

while its dversity is then analyzed by indirect triple antibody (TAS) ELISA with a set of
monoclonal antibodies that allows the distinction of serotypes (Kahaté , 1997; etNOGues
al., 2000). The sequencing of the coat protein (CP) gene is able to didtiiRiMV strains

(Fargetteet al, 2002). Detection of RYMV based on viral nucleic acids is more sensitive and
specific than serological methods since in using the nucleiebasied techniques, any region of

a viral genome can be targeted (Fargetteal, 2002; Uehardchiki et al, 2013). Several

methods based on RHCR for detection of RNA viruses including the RYMV have been
developed, most of which target the generic (coat protein) of the viruses €Piakl 2000;

Fargettest al, 2002; Leeet al, 2004; Leeet al, 2011).

In Tanzania, three RYMV strains (S4, S5 and S6) have been reported (Abebakar2003;

Banwo et al, 2004; Kanyekeet al, 2007). These virus strains have been grouped into two
unrelated serotypes namely Ser4 (which includes strain S4 which, has two lineages and other
variants) and Ser5 (which includes strain S5 and S6) (Abuletkal, 2003; Kanyekaet al,

2007). The molecular and immunological typing methods have been reported to be less specific
for Ser5 which is composed of strains S5 and S6 (Fargétet, 2002). Also, there are no
molecular tools which can differentiate the two lineages of thens®4 which occurs in many
locations including the Lake Victoria (lineage -84 and Lake Nyasa (lineage $#) of
Tanzania (Kanyekat al, 2007). Furthermore, stragpecific molecular tools for distinguishing

the two lineages of the strain S4 and o®reral variants are also lacking (Fargettal, 2002;

Banwoet al, 2004; Kanyekat al, 2007). Conserved primers have been developed and used to



amplify the coat protein (CP) gene of RYMV (Fargetteal, 2002). However, there are no
developed primes as identification is based on sequencing the strains in questions compared
with those available in the moleculbased databases. The sequencing step is sensitive and
reliable although it is expensive, especially reagents involved, time and phylogski#sic
required. Therefore, there was an urgent need to develop primers for specific detection and
differentiation of the East African RYMV strains (S4, S5 and S6) along with a -paipér
methodology which will be simple but accurate and sensitive entugle used in areas with

limited analytical resources.

Nucleic acid extraction from infected plant tissues is very expensive in terms of kits, need for
molecular skills and equipment and thoensuming step in the detection of a virus. As the RT
PCR is dfective in detecting several plant viruses (Pieelal, 2000; Fargetteet al, 2002;
Rowhaniet al, 2004), an effort was made to optimize simple, cheap and rapid alternative
methods such as tissue blots on nitrocellulose membranes (Reinforced cellitlase
membrane 0.2 pM, Optitran B& 83), FTA plant cards (Cat No. WB120065) and
Chromatography paper 3 MM Chr (Cat No. 3030614) (Whatman International Ltd, Maidstone,
England) or Whatm&hpaper strip (WPS) were analyzed to see whether they can besised
alternatives to RNA extraction step of RYMV during molecddased detection and
differentiation of the strains with developed #RTR. With these new protocols, large scale
spatiectemporal studies would be managed. Flinders Technology Associates ararda
commercial product developed by Whatman Corporation (Fisher Scientific Limited,
Loughborough, UK) designed to transport and store a variety of biological materials including

viral and bacteriological samples and blood. Infectious material applietheocards is



inactivated on contact as the cells are lysed but the genome is preserved for molecular

recognition (Whatman, 2009).

On the other hand, NCM has been reported by Mpunami and Kibanda (2008) to be suitable for
detection of RYMV serologically usg polyclonal antibodies. This study focused on using the
NCM, not only in the detection of the RYMV with polyclonal antibodies, but also to find out
whether NCM can be used for storage source of viral RNA for molecular studies. These paper
prints techniges also allow easy transportation of RYMV samples to different countries for
molecular analysis without any special storage conditions, while reducing the possibility of
introducing viruses into new locations. Therefore, the objectives of this studyiyerelevelop
specific RFPCRbased tools for detection of East African RYMV strains and (ii) to optimize
applicability of the developed primers using simple and rapid techniques to differentiate the

RYMV strains without purifying RNA from infected ricdamts.

4.3  Materials and Methods

4.3.1 Primers development

Coat protein (CP) gene sequence from the most conserved region of the RYMV virus was used
to design primer specific for detection of strains S4, S5 and S6 (Table 4.1). The sequences were
obtaired from French National Research Institute for Sustainable Development (IRD). The
primers were designed using Primer Select tool. Polymorphic regions were determined visually.
The primers were created using visual inspection of the template sequencdlighting the

desired primer sequence where the sequence was visible, copied the top and bottom strands of

the template sequence and pasted them into the sequence field. The desired name of the primer



was saved to the Primer Catalog. A wdmnch was usetb modify the active and mutated

primers.

Primers were tested using a DNA star software package by Primer Belsiico using
polymorphic regions as PCR templates. The conditions and primer characteristics such as
template ranges, initial settings famplification, primer lengths and thermo dynamic
characteristics, specific locations to search within the template, and metrics for evaluating primer
and/or template mismatches for false priming was specified by setting the parameters for each
template sguence. The conservation of intra and iileeages sequences was analyzed in order

to design pairs of specific primers used to produce specific bands for easier recognition of strains
and lineages.

Primers (Table 4.1) were ordered from the Eurogentemp@aoy and tested by RFCR with
reference strains (positive and negative controls) to validate them. HRCRTwas performed

to each designed primer using characterized strains: Tz8, Tz526 and Tz608 (S4), Tz429 and

Tz454 (S5) and Tz539 and Tz486 (S6) (Elet al., 2017) as positive controls.

4.3.2 Testing the efficacy of FTA plant cards, Whatman® paper strips and Nitrocellulose
membrane as RNA extraction technique foRice yellow mottle virus

Flinders Technology Associaféesplant cards(FTA), Chromatography paper or WPS and

Nitrocellulose membrane (NCM) (Fig. 4.1(a), (b) and (c)) samples were used and amplified in

RT-PCR tests with primers based on the conserved coat protein gene targets for RYMV (RYMV

Il and 111) (Pinelet al,, 2000). Half a gram of well characterized infected leaves of RYMV strains

(Tz26, Tz526), (Tz429) and (Tz486, Tz539) of S4, S5 and S6, respectively, were ground using a



mortar and pestle in a sterile distilled water at a ratio of 1:10 w/v. A grid was drawn omethe dr

NCM using a pencil to indicate the region for blotting virus prior to spotting crude sap of a virus.
The total nucleic acid of RYMV was obtained by direct spotting of crude sap derived from
infected leaf tissue onto the matrix of FTA plant cards or WPSCM. Ten microliters of each

sample supernatants was blotted into single spot twice per sample on each paper print tested. The

FTA and WPS were dried at room temperature for two hours while blotted NCM for 1 hour.

Discs from the dried WPS and NCM pmsnwere cut using a 2 mm Harris MieRunch on a
cutting mat and directly placed in the FPCR reaction mixture. The Harris MieRunch was
sterilized between isolate and/or punch by using flame. Discs (2 mm) from the FTA plant card

(Fig. 4.1a) were washedllowing recommendations of the manufacturemfv.whatman.com

prior to placing them in the RPPCR reaction mixture. A single disc of FTA card print was
placed in a 1.5 ml micro centrifuge tube. The discs were wastied with 200 ul of FTA
purification reagent (Cat No. WB120204), centrifuged at 1 000 rpm for five seconds and
incubated for five minutes at room temperature between each wash (Ndehgly2005). The

disc washing process was repeated twice with ROUE buffer and allowed to dry at room
temperature for one hour. The tubes were inverted and drained on a paper towedlfgingir

for one hour and transferred to a PCR tube fofFCR analysis.


http://www.whatman.com/

.

4 YUCK COVER M
IL/o02/2015

Whatman®

FTA®
Plant Card

R7Tamvb2 P, Y

« @

NITROCELLULOSE MEMBRANE : 02/03l208

Figure 4.1: Spotting plant sap from Rice yellow mottle virusnfected rice leaves using
pipette tip on (a) FTA plant card and (b) Whatman paper strip; (c)
Collection of a 2 mm diameter sample discs from Nitrocellulose embrane

tissue prints with a Harris Micro -Punch for RT-PCR tests.

4.3.3 Molecular typing and gel electrophoresis foRice yellow mottle viruRRNA extracted

by FTA plant card, Whatman paper and Nitrocellulose membrane
In cDNA synthesis step, each 2 mmalisnder test was added to a mixture of 1 ul antisense
primer RYMVII (100 uM) and 1.5 pl Rnasfeee water per one sample. The mixture was
denatured at 7G for 5 minutes. The reverse transcriptase (RADNA synthesis 15 prixture,
8.5 U Rnasefree water, 2 pl dNTPs (5 mM), 2.5 ul 10X RT buffer (sigma) x1 final, 1 ul
MoloneyMurine leukemia virus reverse transcriptaseNMV -RT) (sigma) 200 U/ul and 0.5 pl
RNase inhibitor 40 U/ul (sigma) were added to each denatured sample and inatl#¥d for

1 hour.



The designed primer pairs shown in Table 4.1 were tested with their respective characterized
RYMV strains. The reaction mixtures contained
3 ¢l of 10 €M of eaehdiptimeed &3t Br gl 205 st
Dynazyme. The PCR amplification was performed in an Eppendorf mastercycler gradient PCR
machine under PCR conditions with FS4/R20, FS5/R20 and F3000/RS6 primers. The procedure
included an initial denaturingep at 94°C for 3nin; followed by 30 cycles of 94°C for )

59°C for 30 s (56°C for F3000/RS6), 72°C fomin and final extension at 72°C for 10 min.

Ei ght e | of the amplified PCR product Twere s
acetate EDTA(TAE) buffer prest ai ned with 2.5 ¢l of et hidiun
bromide per ml of sterile distilled water) at 100 V tior 30 min, and visualized under UV

light.

For FTA plant cards, WPS and NCM techniques optimization, 2.5 ul of each cDi&Amixed

with 10 ul 5X PCR buffer x1 final, 2 pul dNTP (dATP, dTTp, dGTP, dCTP) 5 mM chacum 2.0

mM final, Lyl minussense primer (306RYMV-séh¥eapr ilm®&r OM5 6
[ll) at 100 uM, 30.5 Rnaséree water and 1 pl dynazyme to make 50 fiateolume. Detection

of RYMV from prints of infected rice leaves was conducted using RYMVII and Ill conserved
Internal Transcribed Spacer (ITS) primendb CCCCCACCCATCCCGAGAATTSBIljand
S5KJAAAGATGGCCAGGAA3Njhat were used as internal control of PCR testanplify the

720 nucleotide CP gene (Fargetteal, 2002). The PCR amplification of the HPICR products

was done under PCR conditions of denaturation at 94°C for 5 minutes followed by 30 cycles of 1

minute at 94°C, 30 seconds at 55°C hybridization, 1 tairat 72°C elongation and final



extension of 10 minutes at 72°C. The mixture was stored at 4°C. The amplified PCR products of
10 ¢l were run omtaih®Bdagandhse. pelelprod (10 m
100 V in 0.5x TAE (TrisacetateEthylenediaminetetraacetic acid) buffer for 30 min and

visualized on a UV transilluminator.

4.4  Results

4.4.1 Development of new primers specific to TanzaniaRice yellow mottle virustrains

The FS4, FS5, F3000 and R20, R20 and RS6 primers, respectivedydesgned based on 123

CP sequences for three East African RYMV strains S4 (64 sequences), S5 (6 sequences) and S6
(53 sequences). The primers were ordered from Eurogentec. The forward FS4, FS5, F3000 and
reverse R20, R20 and RS6 specific primers wasgthed from the conserved sequences that
corresponded to nucleotide positions 36624, 3603 3625, 2987- 3010 and 3878 3859,

3883- 3864 and 3500 3482 of the RYMV genome, respectively (Table 4.1). The primers were
tested using the known charaized RYMYV isolates of each strain, S4 (Tz526), S5 (Tz429) and

S6 (Tz539) (Fig. 4.2). The RPCR amplification product results showed that, forward FS5
primer and reverse R20 primer amplified only S5 strains at 278 bp, implying that it is specific for
idertification of all RYMV strains that belong to S5 (Fig. 4.2). Forward FS4 primer and reverse
R20 primer were able to amplify all S4 and S5 strains at 281 bp, implying that it is not specific

for S4 (Fig. 4.2). Primers for S6 did not amplify any RYMV sti@iiy. 4.2).

Table 4.1: Nucleotide sequences, annealing temperatures and expected amplicon sizes of
primer pairs designed for detection of East AfricanRice yellow mottle virus
strains (S4, S5, S6) and used in PCR assays

PCR Primers  Primer sequene s -39 0 Position in Length Tm  Expected
ASSAY genome (nt) (°C) amplicon
size (bp)




RYMV-  FS4 CTTCTAACACCTGGCCGGT 36013624 24 59 281

S4 R20 CCACT

GCCCGCCGTCCTGCTCATC 38783859 20

T
RYMV-  FS5 CTTCTAACACCTGGCCGAT 36033625 23 59 278
S5 R20 CCAC

GCCCGCCGTCCTGCTCATC 38833864 20

T
RYMV-  F3000 CTGTTTCATGAACTCTGTT 29873010 24 56 514
S6 RS6 TTCCA

TTCTTGCCTTGCTGGTTTT 35003482 19

The PCR amplification of the RPPCR products of selected strains was done using designed
primers (S4, S5 and S6) under PCR conditions of denaturation at 94°C for 3 minutes followed by
30 cycles of 30 seconds at 94°C, 30 seconds at 59°C for S4 and S5 @a®WCator S6
hybridization, 1 minute at 72°C elongation and final extension of 10 minutes at 72°C. The base

pair for developed primers were 281 bp, 278 bp and 514 bp for S4, S5 and S6, respectively.

Primers 54 Primers S5 Primers S6
sy il |

g & 2 5 & 8 g & 2

~ N Y e

281 bp 278 bp

Figure 4.2: ReverseTranscriptase - PCR amplification products of three TanzanianRice
yellow mottle virusstrains (Tz526 = S4, Tz429 = S5 and Tz539 = S6) identified



by sequencing in this study with designed primers specific to S4, S5 and S6. M
= Ladder DNA marker; PCR produ cts were analyzed in 1% agarose gel.

The second newly designed primer specific to S6 and primer S5 were tested using the known
characterized RYMV isolates of each strain S5 (Tz429, Tz333, Tz449, Tz450) and S6 (Tz17,
Tz539, Tz539, Tz554) (Fig. 4.3). For each isolate, two independent PCRomnesagtere
performed with S5 and S6 specific primers at 281 bp and 584 bp, respectively (Fig. 4.3a). The
conserved primers, reverse primer RYMV Il and forward primer RYMV IIl at 100 uM were
used for identification of each isolate of each strain at 1008 lgmsive control PCR (Fig.

4.3b). The RTPCR amplification products results confirmed the previous results in Fig. 4.2 that,
forward FS5 primer and reverse R20 primer amplified only S5 strains at 278 bp implying that it
is specific for identification of ARYMV samples that belong to S5 (Fig. 4.3a). Interestingly,

Primers for S6 amplified all S6 strains at 584 bp implying that it is specific for S6 (Fig. 4.3).

The specificity of the primer pairs FS5 and R20 designed was verified BRI analysis of

RNA from S5 and nottarget S5 strains. A single amplification product of 278 bp was detected
from RNA of RYMV-S5 strains. Developed primers (FS5, R20) specific to S5 strains were then
used to identify ten RYMV isolates with unknown identity collected fronoiibero district,
Morogoro region, Tanzania. These isolates included Tz328, Tz331, Tz333, Tz340, Tz343,
Tz347, Tz353, Tz355, Tz357, Tz358 and Tz429 as a control. The results showed that these

RYMV isolates belonged to S5 (Fig. 4.4).
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+—281bp
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Figure 4.3: Identification of isolates from strains S5 or S6 using specific PCRs. (a) For
each isolate, two independant PCR reactions were performed with S5 and S6
specific primers (product at 281 bp and at 584 bp, respectively), (b) posia

control PCR with Rice yellow mottle viruprimers (11/111)

e — Fe——

Figure 4.4. Reverse Transcriptase- PCR amplification of non-identified isolates with
designedRice yellow mottle viruprimers (FS5, R20) specific to s@in S5. M =
Ladder DNA marker; + C = positive control (Tz429 = S5). PCR products

were analyzed in 1% agarose gel.



4.4.2 Flinders Technology Associates (FTA®), untreated Whatman® paper and

Nitrocellulose membrane techniques
The feasibility of using these techniques for the molecular detection of RYMV strains, S4 (Tz26,
Tz526), S5 (Tz416, Tz429) and S6 (Tz539, Tz486) byFR was investigated and showed
that virus isolation was possible from RYMwoculated FTR cards, WPS ah NCM (Fig.

4.5(a), (b) and (c)). These pagmints techniques resulted in clearer signals.

The RT-PCRbased tests with FTA tissyint technology showed high potential in speeding up
the accurate identification of the RYMV (Fig. 4.5(a)). Detection ¥M¥ from infected plant
paper prints (FTA and WPS) samples stored for more than a year at room temperature (25
30°C) was confirmed in this study. The Nitrocellulose membrane in addition to support PCR
assays it proved to be useful to saving live RYMVIselp to 5 days of storage at room
temperature (25 30°C). However, the sensitivity of WPS and NCM techniques to identify
RYMV was low compared to FTA technique. After one hour, RYMV was inactivated on dried
FTA plant cards, WPS and NCM and was not tratiedy implying that these techniques are

very useful for exchanging virus samples for molecular studies.



FTA® plant card

Nitrocellulosemembrane

Figure 4.5: Polymerase chain reaction (PCR) oRice yellow mottle virugRYMV) DNA
elution from (a) FTA® plant cards and (b) nonelution Whatman® paper (c)

Nitrocellulose membrane

4.5 Discussion
The strainspecific RFPCR method for rapid and accurate identification of RYMV was
developed for distinguishing the virus strains and determining their geographical distribution.

The optimization and application of a FAICR method basenh fixation and storage of RYMV



nucleic acids from infected fresh rice plant tissues directly printed onto Nitrocellulos& aftlA

WPS membranes was also demonstrated in the present study to avoid conventional RNA
extraction gep. These RIPCR tools can be used for detection and differentiation of RYMV
strains S4, S5 and S6. However, several serological and molecular methods have been developed
for detection and/ or i dent etfal, 2080t Rinelt al,2000; pl ant
Websteret al, 2004; Makkouk and Kumari, 2006; Lopet al, 2008; AboulAta et al, 2011)

although some of these methods were not specific to some virus strains including RYMV.
Furthermore, serological techniques such as enditked immunosorbent assay ELISA (Clark

and Adams, 1977; Konaet al, 1997; Pinekt al, 2000), double immundiffusion gel assay

(DIGA) (Seéréet al, 2005) and tissue blot immunosorbent assay (TBIA) @tial, 1990) are
currently losing attention by many plap#athologists due to difficulties in getting antibody for

the target virus, cost of producing appropriate antibody and requirement of large volume of
samples (Boonharet al, 2014; Jeongt al, 2014). With these simple but cheap, accurate and
sensitive n& RT-PCR developed techniques in the current study, large scale-sgaporal

studies would be managed.

However, detection based on rice viral nucleic acids has been reported to be more sensitive and
specific than serological methods (except Rice tungro baciliform viru3, because it could

target any region of a viral genome (Uehbtaiki et al, 2013). Previous workers have also
designed primers for RYMV (Pinet al, 2000; Fargettet al, 2002; Choet al, 2013), but they

were not specific for RMV strains S4, S5 and S6. Therefore, the current RYMV sipétific

RT-PCR method aimed for rapid, accurate identification and differentiation of virus strains S5

and S6 associated with the RYMV disease in rice growing areas. The current study stawed th



the specifieprimers for S5 and S6 designed, reduced the cost of sequencing and distinction of
RYMV strains and variants. However, future studies should focus on development of strain
specific RFPCR primers for RYMV strain S4 which was not targettedthis study. The
reported universal primers include RYMVF1, RYMVR1, RYMVF2, RYMVR2, RYMVF3,
RYMVR3 (Choi et al, 2013), RYMVII, RYMVIIl (Fargetteet al, 2002), RYM\F and
RYMV-R (Brugidouet al, 1995) for amplification of RYMV. It has been however, répdithat

RYMV primers were designed based on conserved sequences within the regions or coat protein
gene sequences of three strains of RYMV and amplified 720 bp fragment of genomic RNA
(Pinelet al , 2000) . A pair of primense phemeens5é p
designed to transcribe and amplify the coat protein gene (&iaé¢] 2000). The forward primer

30M was us e@R to transcriveeandRamplify genome fragment containing the coat

protein gene (nt 3447 to 4166) (Pire¢lal, 2000).

The cDNA product was made from FTA, WPS and NCM pageéts with RYMV crude sap as

a template for the detection of a virus by-RTR eliminating the need for RNA extraction and
handling. Detection of RYMV from paper prints of infected rice lsawas conducted using
conserved Internal Transcribed Spacer (ITS) prim@TECCCCACCCATCCCGAGAATTSj

and F3JAAAGATGGCCAGGAA3Njhat were used as internal control of PCR tests to amplify
the 720 nucleotide CP gene (Fargettal, 2002). These techniquesmeonsidered as effective
tools for sampling, storage and retrieval of RYMV RNA with the purpose of supporting
screening rice plants affected by RYMV. The sampling procedure may also prove to be useful
when working with unknown or with plant quarantineuges such aBeet black scorch virus

(BBSV), Beet necrotic yellow vein virt8BNYVV), Eggplant mottled dwarf viru$EMDV),



Pelargonium zonate spot vir{®ZSV) as only virus RNA is saved in the membranes. These
RNA print methods may however, be used fotraduction of foreign plant viruses in the
reported changed climate countries (Park and Kim, 2004etek 2011) which are suitable for
foreign viruses to replicate and spread in new host plants. These would also allow for the easy
and safe transpodf samples to different countries for molecular analysis without any special
storage conditions. However, these technigquay be useful for farmers and extension officers

for detection of RYMV in the developing countries where laboratory facilities ariged for

plant disease diagnosis are lacking.

This papetbased technology has been developed and used successfully for sampling, recovery
and molecular characterization studies of maize streak virus and other plant patheggre

et al, 2000; Singlet al, 2004; Moscoset al, 2005; Ndunguret al, 2005; Gruncet al., 2010;
Mbegaet al, 2013). The sampling procedures have the advantage of the loss of infectivity of the
adsorbed material, which makes transport of samples suitable for nuclelasedl detection,

easy and safe (Moscoset al, 2005). Nitrocellulose membranes have been reported to be
effective for retrieval of template RNA dfobacco etch virysSoybean mosaic virugurnip
mosaic virusandCucumber mosaic virusndPeanut stunt virs(Changet al, 2011). It has been

also reported to retain immunological detectable virus particles and intact template RNA of
Turnip mosaic virusfor more than a year at room temperature (Chahgal, 2011).
Nitrocellulose membrane has also been regoote Mpunami and Kibanda (2008) to be suitable
for detection of RYMV serologically using polyclonal antibodies. The DNA from
Xanthomonads has been reported to be detected from th@ pi@At card samples stored at

room temperature for a period of three nge@Mbegaet al, 2013). In the current study, the



detection of RYMV from infected plant paper prints (FTA and WPS) samples stored for more
than a year at room temperature (280°C) was observed, while on the NCM, RYMV cell
storage of up to 5 days wasnéomed. Rice yellow mottle virusvas inactivated on dried FTA

plant cards and Whatman paper after one hour, and was not transmitted, implying that they may
be very useful for exchanging virus samples for molecular studies. These techniques have a
potentid for use by farmers, extension officers or seed control agencies which can collect and

store samples for future RACR tests or for long distances shipment to a detection laboratory.

4.6  Conclusion

The RT-PCR amplification products results showed tlatyward FS5 primer and reverse R20
primer amplified only S5 strains at 278 bp implying that it is specific for identification of all
RYMV samples that belong to S5. Forward FS4 primer and reverse R20 primer were able to
amplify all S4 and S5 strains at 2®p, implying that it is not specific for S4. Primers for S6
amplified all S6 isolates at 584 bp implying that it is specific for S6. The study showed that the
specificprimers for S5 and S6 designed, reduced the cost of sequencing and distinction of
RYMV strains and variants. This strapecific RFPCR method provides a rapid alternative to
conventional methods in the detection and identification of RYMV. However, future studies
should focus on development of straipecific RFPCR primers for RYMV strai S4 which was

not targeted in this study.

The results for papdrased RNAextraction techniques showed the successfully application for
the RT-PCRbased detection of RYMV compared with the viral RNA extraction using Rneasy

Mini Kit. Flinders Technology Associates (FFPAcards and WPS retained RYM\émplate



RNA for more than a year stored at room temperature. The Nitrocellulose membrane, in addition
to supporting RTIPCR assays, also maintained longevity of RYMV cells for up to 5 days of
storage at room temperature (280°C). These RNA print methednay be useful for sampling

and preservation of RYMV RNA for molecular characterization. These would also allow for the
easy and safe transport of samples to different countries for molecular analysis without any
special storage conditions. However, thesghniquegnay be useful for farmers and extension
officers for detection of RYMV in the developing countries where laboratory facilities are

limited for plant disease diagnosis.

The results also indicated that the spotted RYMV on FTA plant cards, \Whabayper and
Nitrocellulose membrane was inactivated after being dried for one hour, thus, was not
transmitted. Therefore, these techniques are very useful for exchanging virus samples for

molecular studies without the possibility of introducing virusés imlew locations.
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CHAPTER FIVE

5.0 Immunocapture and Simpledirect-tube -Reverse Transcriptase Polymerase Chain

Reaction (RT-PCR) for detection ofRice yellow mottle virus

5.1 Abstract

The study aimed at optimizing the Immunocapture (IC) and Skiaipdettube (SDT)-Reverse
Transcriptas Polymerase Chain Reaction (RCR) techniques for detection &fice yellow
mottle virus (RYMV) in order to avoid the extraction of high quality RNA required for
molecular methods and avoid costs involvBite yellow mottle virustrains and phylotypes
were obtained from infected rice leaf samples collected from Morogoro, Arusha and Kilimanjaro

regions. The efficacy and sensitivity of IC and SDT methods was demonstrated using the


http://www.whatman.com.cn/upload/starjj_200941413246.pdf

aliquots from infected plant sap obtained by grinding rice leaves and bindP&€R tube using
coating buffer and in phosphate buffer saline with 0.5% Twa8e(PBST 1X), respectively, and
assayed by RFPCR with RYMVIIF/RYMVIIR primers. Analysis of the PCR product was
performed by electrophoresis on 1% agarose gelstaieedwi h 2. 5 ¢l of et hi di U
pHg of ethidium bromide per ml of 0.5x T+&cetateEthylenediaminetetraacetic acid (TAE)
buffer) at 100 V crif for 30 min and visualized under UV light. The results indicate that-SDT
RT-PCR and ICRT-PCR detected RYMYV inlhtested infected leaf samples at the expected
band size of 720 bp and had the same sensitivity as virus extractiorRRENZCR technique,
implying that the methods can be useful for detection of wide range of RYMV strains. The
negative control did not yig any amplicons. The results also showed that these techniques are
rapid methods for characterization of RYMV strains and may be recommended for use soon after
periodical surveys to quickly identify new strains for breeding purposes at low cost. However,
SDT protocol was easier and faster than IC and it was alseeffestive in terms of reagents for

the detection of RYMV.

Keywords: Rice yellow mottle virysdetection, ImmunocaptwRT-PCR, simpledirecttube

RT-PCR

5.2  Introduction

Rice yellow mottlevirus (RYMV) is a variable and very damaging rice disease in Africa. A
number of biotic stresses including RYMV have been reported to contribute to low yields of rice
in Africa (Lamo et al, 2015). Yield estimates of 2.5 t h&nave been reported in Africa
compared to 4.4 t Hareported in Asia (Wilson and Lewis, 2015). Rice is an important staple

food crop and is affected by RYMV disease with suspected high yield losses ranging from 25%



to 100% (Kouasset al, 2005; LuzKihupi et al, 2009). The virus disease was firgtorded in

1966 at Otonglo near Lake Victoria, Kenya (Bakker, 1970) and until now the RYMV is present
in most of the ricegrowing countries in Africa and Madagascar (Adial, 1998; Kouasset al,

2005; Séé et al, 2008; Traorét al, 2009). The virus belongs to the ge@aobemovirugTamm

and Truve, 2000; Fauquet al, 2005) and is characterized by icosahedral particles of about 30
nm in diameter (Fauquet al, 2005) and one single strand positivessegenomic ribonucleic
acid (RNA). The virus is associated with virdike satellite RNA ranging from 220 to 390

nucleotides (Tamm and Truve, 2000).

The RYMV is highly diverse in nature due to high rates of its mutation and recombination
(Hébrardet al, 2006). The subgroup diversity of RYMV strains was determined serologically

( N6 Gu e &.,a2000) and molecularly by RNA sequencing using primers that target
sequences encoding coat protein (Pieeélal, 2000). The studies indicated that RYMV
encompases six strains, each having a specific and restricted geographical range. Strains S1, S2
and S3 have been reported to exist in West Africa with latitudes and longitudes between 4°N and
28°N and 15°E and 16°W, respectively. Strains S4, S5 and S6 areetefmdominate in East

Africa which lies between latitudes 23°N and 12°S and longitudes 22°E and 51°E (Fatgette

al., 2002;Abubakaret al, 2003; Banwo, 2004; Kanyele al., 2007).

Tanzania has been reported as one of the biodiversity hotspot of RYMV. The emergence of new
virulent phylotypes of RYMV in rice crop in different geographical areas is increasing and
becoming a common occuriere (N 6 @tuak, 2005 Kanyekat al, 2007; PinelGalzi et

al., 2007; Ocholeet al, 2015), possibly as a consequence of the constantly growing susceptible
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varieties (Hubertet al, 2016). Therefore, such situations constitute a gap for the demand fo
reliable methods of sensitive but also rapid detection of these new RYMV phylotypes for control

of RYMV in order to improve rice productivity.

Variations of enzymdinked immunosorbent assay (ELISA) are currently used for dacgée

routine testing fo viruses. Recently, new ELISA methods for detectiorRafe dwarf virus

(RDV) in rice such as plateapped antigen enzymimked immunosorbent assay (PIEALISA)

and dot enzymdinked immunosorbent assay (eleLISA) have been developed (Wat al,

2014). However, established antigérapping ELISA and virus amplification techniques for
virus diagnosis require the presence of intact live virus, which depends on sample quality. This
situation raised necessity of complementary H&RBed methods such as Immwapture and
simpledirecttube RFPCR (Silvaet al, 2011). One area where PCR has shown great value is
the detection of viral pathogens, particularly those for which culturing is difficult or where
serologically based detection systems are inadequan(ieret al, 1998). Polymerase chain
reaction has been used successfully to detect a range of viruses including both DNA and RNA
viruses (Chandleet al, 1998). However, detection of viral RNA by PCR requires reverse
transcription (RT) of viral RNA par to the reaction (Lopeet al, 2003). Rice viruses, except

Rice tungro bacilliform virugRTBYV), are RNA viruses, and synthesis of cDNA of the viral
genome by reverse transcription (RT) is necessary before the target RNA sequence is amplified

(Ueharalchiki et al., 2013).

Several variations of RPCR have been developed, including nestgdlic and Yardimci,

2012), one step(Uga and Tsuda, 2005), multiplexGrieco and Gallitelli, 1999), redime



(Osmanet al, 2007), immunocupture(Wetzel et al, 1992) and simplalirecttube RFPCR
(Suehiroet al, 2005). ImmunecaptureRT PCR is designed for highly specific detection of
templates present in very low amounts (Wettehl, 1992). This method combines capture of
virus particles by antibodies throughe practical conditions of ELISA with amplification by
RT-PCR. In this assay the virus particles are trapped onto a micro centrifuge tube or ELISA plate
using virusspecific antibodies. The adsorbed virus particles are disrupted and the released viral
nucleic acid is amplified by RIPCR. Immunocapture (IERT-PCR has been used successfully

to detect several plant viruses suchBssana streak virysBeet necrotic yellow vein virus
Cassava common mosaic viruSsucumber mosaic virud.ily symptomless virus, Lily mottle
virus, Pepino mosaic virysPlum pox virusand Sugarcane streak mosaic vir(@/etzelet al,

1992; Harpeet al, 1999; Hemaet al, 2003; Mansilleet al, 2003; Linget al, 2007; Zeiret al,

2008; Silvaet al, 2011;Haet al, 2012; Kili¢ and Yardimci; 2012). Generally, immunocapture
RT-PCR protocol has been established for the virus sensitivity improvement in detection (Silva

et al, 2011; Yanget al,, 2012).

Preparation of plant extracts is a critical aspect off/ IR (Rowhanet al, 2004). Nucleic acid
extraction from plant tissues is the most laborious, costly and-dimsuming step in the
detection of a virus (Rowhast al, 2004). As the RIPCR is effective in detecting several plant
viruses, attempts haveeén made in this study to optimize simple and rapid techniques such as
simpledirecttube (SDT) method for detection of RYMV. Since one hour was required to extract
viral RNAs from infected tissues, an easy and rapid procedure designhated SDT method was

optimized for preparing viral RNA for cDNA synthesis.



The extraction of viral RNAs using SDT method may be completed in approximately 15 min and
does not require the use of antiserum, filtering and centrifugation (Sugthalg 2005). This
protocol involves grinding of plant tissues in phosphate buffer saline with 0.5% T20@een
(PBST 1X)and placing the extract in a mieoentrifuge tube for two minutes and allowing
adsorption of virus particles to the tube wall. Simple ditabe method was successfully used
for detection offTurnip mosaic virusCucumber mosaic virusndCucumber green mottle mosaic
virus in infected plants (Kobowt al, 2005; Suehir@t al, 2005). The purpose of this work was

to optimize and evaluate tleficiency of IG and SDF RT-PCR methods for RYMV detection

in infected plant materials.

5.3  Materials and Methods

5.3.1 Rice yellow mottle virussolates used in this study

Infected leaves of RYMV isolates obtained from different strains used for magapture (I1C)

and Simpledirecttube (SDT)IRT-PCR t echni ques were coll ected
cropping season, April to May 2014 in selected rice growing areas in Tanzania (Eubkrt
2017). Isolation and characterization of RYMV idemwas done at Institut de Recherche pour

le Developpment/ French National Institute of Sustainable Development (IRD), France. For their
characterization, total RNA was extracted with the RNeasy Plant Mini kit (Qiagen, Germany)
(Pinelet al, 2000). The coat protein (CP) and the viral protein gerlortked (VPg) genes of

the RYMV were amplified by RIPCR (Fargetteet al, 2002; Hébrardet al, 2006). The
phylogenetic analysis for identification of RYMV strains and phylotypes was done tcacemp

CP sequences using the maximum likelihood method with default parameters in SeaView

software (Gouyet al, 2010). These include RYMV strains and phylotyfdém (Tz526), S5



(Tz429, Tz450), S6¢c (Tz486) and S6w (Tz539) collected from Kilombero and Uthstgiats
(latitudes 7°S and 9°S and longitudes 35°E and 37°E and at an elevation of about 300 m above
sea level), Morogoro regioRice yellow mottle viruphylotypes S4lv (Tz516) and S4ug (Tz601)
collected from Arusha and Kilimanjaro regions, respebtjvevere also included. The viral
extraction RNA of serological isolate of RYMV phylotype S4lm (Tz554) collected from Ulanga

district, Morogoro region was used as a control.

5.3.2 Immunocapture (IC) technique

Sterile PCR tubes were coated with 100 diplonal antibodies in coating buffer (pH 9.6, 1:500

IgGs dilution) and incubated at 37°C for 4 hours (Sé¢eal, 2011). The tubes were washed

three and two times with phosphate buffer saline with 0.5% T\@8efPBST 1X) and sterile
distilled water (SDVWy, respectively. Two hundred milligrams of each infected leaf sample were
ground separately in 400 upl extraction buffer (79.5 g NaCL, 1.9 gPRH 11.36 ¢
NaHPQ.anhydrous, 1.93 g KCL, 2% polyvinyl pyrrolidii®v/P, 0.05% Twee0 in 1 000 ml

SDW) and cetrifuged at 7 000 rpm for 7 minutes. Then, 100 ul of each sample supernatant was
added accordingly to each PCR tube and incubated at 4°C for 12 h. The tubes were then washed
three times with washing buffer and finally with SDW. The tubes were left torgifod 2

minutes before proceeding to the IRTCR step.

5.3.3 Simple-direct-tube (SDT) technique
Half a gram of infected leaves of RYMV isolates were ground using a mortar and pestle in a
PBST 1X buffer at a ratio of 1:1 w/v (Sueh&bal, 2005). The arde sap (100 pl) was carefully

placed into a sterile PCR tube using micropipette with a truncated tip and incubated at room



temperature (25 30°C) for 15 minutes. The sap was removed from the tube and the tube was
then washed twice with 100 pl PBST to mwe any residual tissue. Then, 30 pl
diethylpyrocarbonatéreated water containing 15 units of RNase inhibitDERC, Sigma,
Germany) was added to the tube and immediately denatured at 94°C for 1 minute. The resulting

solution in the tube was allowed toat@n ice for 1 minute ready for RFCR.

5.3.4 Immunocapture (IC) reverse transcriptase (RT) reaction

The synthesis of complementary deoxyribonucleic acid (cDNA) was prepared in a final volume
of 15 pl. A mixture of 1 pl antisense primer RYMV Il at 10Mpand 9 pl sterile distilled water
(SDW) per one sample was added into the tube containing the virus particlese{Rihe2000;

Silva et al, 2011). The mixture was denatured aiC7€br 5 minutes. The reverse transcriptase
(RT)-cDNA synthesis 15 pinixture of 9 ul SDW, 2 pl dNTPs (5 mM), 2.5 ul buffer RT x10
(Sigma, Munich, Germany) 1X final, 1 pl Molondjurine leukemia virus reverse transcriptase
(M-MLV -RT) (Sigma, Munich, Germany) 200 U/ul and 0.5 ul RNase inhibitor 40 U/ul (Sigma,

Missouri, USA)were added to each denatured sample and incubatedCaio42. hour.

5.3.5 Simple-direct-tube (SDT) reverse transcriptase (RT) reaction

Reverse transcription was performed using cDNA synthesis from RYMV infected leaves
(Temajaet al, 2012). Two scenars were tested to determine the amount of template needed for
optimal amplification results. These were categorized into: one plant sample in which high
amount (7 ul) of final solution containing RNA was used, the other was a plant sample which
has low amant (4 pl) of final solution containing RNA. This was done to determine a range of

template that can be added to obtain optimal amplification. The reaction mixture consisted of



total volume of 15 pl: 7 pl final solution containing viral RNA, 1 pl antisemsemer
SIGTCCCCCACCCATCCCGAGAATTSBit 100 uM, 1 pl of 0.2 M Dithiotreitol (DTT), 1 pl M
MLV - RT (sigma) 200 U/pul, 2.5 pl Buffer RT x10 (sigma) 1X final, 2 ul dNTPs 5 mM chacuum

2.0 mM final, 0.5 pl Rnase inhibitor 40 U/ul was incubated a€4®@r 1 hour.

5.3.6 Extraction of Rice yellow mottle viru®ibonucleic acid

Total RNA of RYMV was extracted from frozen infected rice leaves using the Rneasy Plant
Mini Kit (Qiagen, Germany) (Pineét al, 2000). Viral suspension were collected in 2 ml
eppendorf tbe with sterile steel beads, frozen in liquid nitrogen and ground with high speed
TissueLyser Il mechanical shaker for 1 min at 30 rpm. The RTL lysis buffer was added, mixed

by vortexing then incubated in water bath at 56°C for 2 minutes and centrifug@&®@tpm for

7 minutes. Tissues were separated by 225 ¢l
rpm for 1 min, and then the supernatants were transferred into 2 ml Eppendorf tubes. Proteins of
RYMV were removed by addi ng buffer0respettivelR Wil and
separately, centrifuged as above then the supernatant liquid was discarded and transferred into
sterile 2 ml tubes. Ri bonucleic acid was wash
for two minutes. Nucleic acidswereeled by 30 €l RNase free water
membrane and placed into clean sterile 1.5 ml tubes then centrifuged at 10 000 rpm fat 1 min

25°C. The obtained RNAs were stored in the freeze2@C for RFPCR amplification.

5.3.7 Polymarase chain reaction (PCR) amplification of viral coat protein gene
A reaction of PCR to amplify the coat protei

mixture (Pineket al, 2000). The mixture included 10 pl of 5X PCR buffer, 1X final, 2NTP 5



mM chacum 2.0 mM final, 1pl antisense primer RYMV Il at 100 pM, 3 pl sense primer RYMV
[Il'at 100 uM, and 1 pl dynazyme, 30.5 pl SDW and 2.5 pl RT reaction per sample. The primer
set of HJTCCCCCACCCATCCCGAGAATTHJj (reverse primer) and
SIGAAAGATGGCCAGGAA3Njforward primer) were used as internal control of PCR tests to
amplify the 720 nucleotide CP gene of RYMV (Fargetteal, 2002). The amplification
involved three processes which were denaturation, annealing and elongation. The mixture was
first heated at 94°C for 5 minutes to denature the sides of the detraleded DNA. This was
followed by 30 cycles whereas the mixture was heated again at 94°C for 1 minute to separate the
sides of the doublstranded DNA. In the same cycles, the mixture was tlo@ted at 55°C for

30 seconds to allow primers to find and bind to their complementary sequences on separated
strands and elongated at 72°C for 1 minute for polymerase to extend the primers into new
complementary strands. The repeated heating and coojicigs multiplied the target DNA
exponentially because each new double strand separated to become two templates for further
synthesis. Finally the mixture was extended and stopped at 72°C for 10 minutes. The amplified
PCR products were confirmed using 1%aeose gel (in 0.5X TAE buffer) electrophoresis,-pre

stained with 2.5 pl ethidium bromide (10 mg/ml), and visualized under UV light.

5.4  Results

The IGRT-PCR results indicate that, all tested infected leaves of RYMV strains and phylotypes
S4lv (Tz516),S4Im (Tz526), S4ug (Tz601), S5 (Tz429, Tz450), S6¢ (Tz486) and S6w (Tz539)
yielded amplicon of the expected size at 720 bp (Fig. 5.1). The healthy plant co@yadve

no amplification indicating that the sample did not contain virus and that therprihid not

amplify part of the plantés genome. The | eaf



that RNA was extracted using RNase Mini kit yielded amplicon at expected size of 720 bp (Fig.

5.1 and 5.2).

720 bp

Figure 5.1: Immunocapture-RT-PCR amplification products obtained from Rice yellow
mottle virusisolates of different strains S4ug (Tz601), S4lv (Tz516), S4lm
(Tz526), S5 (Tz429, Tz450), S6¢ (Tz486), S6w (Tz539), virus extraction RNA
S4lm (Tz554) and heahy plant (- C). M = DNA molecular marker (100-bp

ladder). The PCR products were analyzed in 1% agarose gel.

The primers used were 38 RYMV 11 at 100 OM an
the results with the immunocapture results. The resulteeth that the plant samples containing

high amount of final solution (7 pl) yielded amplicon at expected size (720 bp) in electrophoresis
analysis (Fig. 5.2). Amplification was not obtained when low amount of template (4 pl sap) was
used. The results preged in Fig. 2 show that the infected leaves of different RYMV strains

tested yielded amplicon of the expected size (720 bp), however, there was no amplification in the



healthy control samples. Gel electrophoresis result also indicated that the stra8® Tof 5
RYMV was not well amplified in SDIRT-PCR as in the IRT-PCR technique. Rice leaves

infected with RYMV strain S4Im (Tz554), tested by virus extraction RNA using RNase kit as a

positive control was also amplified.

Kyl
S
g
o
[ e
P
g

.
-

Figure 5.2:

Simple-direct-tube-RT-PCR amplification products obtained from Rice
yellow mottle virusisolates of different strains S4ug (Tz601), S4lv (Tz516),
S4lm (Tz526), S5 (Tz429, Tz450), S6¢ (Tz486), S6w (Tz539), virus extraction
RNA S4Im (Tz554) am healthy plant (- C). M = DNA molecular marker
(100-bp ladder). The PCR products were analyzed in 1% agarose gel.

55 Discussion

These results show that the-1&@hd SDT RTPCR protocols optimized in this study can be used
for rapid characterization of RYMV strains and are useful for periodical surveys of RYMV. In
the RT-PCR, the expected band size of 720 bp was observed in alefdce leaves tested

implying that the methods were useful and reliable for detection of a wide range of RYMV



strains. This is the first report on the use SBhd IGRT-PCR for detection and assay of
RYMV. This method has been used for detection of ofilant viruses (Koboret al, 2005;
Suehiroet al, 2005; Temajat al, 2012). The results indicated that SBT-PCR and IGRT-
PCR detected RYMV in infected leaf samples similar to the virus extraction-RNACR

technique.

In immunocapture, virus pactes from the infected leaf isolates were trapped on the wall of an
antibody coated tube and inhibitory plant extracts were removed by washing. The viral RNA
released from the particles was then used as a template for cDNA synthesis using reverse
transcrptase. The resulting cDNA was amplified in PCR with the RYMV conserved primers,
antisense primer RYMV Il and sense primer RYMV Il at 100 uM (Fargettal, 2002).
Immunocapture RPPCR technigue has been utilized widely for detection of other planisirus
(Wetzelet al, 1992; Harpeet al, 1999; Hemaet al, 2003; Mansillaet al, 2003; Zeinet al,

2008; Sarovaet al, 2010; Silvaet al, 2011; Kilic and Yardimci; 2012; Mallilet al, 2012;
Ueharalchiki et al, 2013). This technique has been rembrie@ have higher sensitivity than
Passive Haemagglutination Assay (PHA) and Latex Agglutination Reaction (LAR) and could
detect the target virus in leaf extracts diluted fron™ 10 10° (Ueharalchiki et al, 2013). The
sensitivity of using ELISA coupled with RPCR has been demonstrated to be greater than just
total nucleic acid extraction due to the immunocapture enrichment of samples prictRGRT
(Kogovseket al, 2008; Yanget al, 2012). These findgs support those of Ptacekal (2002)

that immunocapture followed by the detection of viruses usingPRR is a versatile and

sensitive diagnostic technique. The technique has also been used for detection of the virus in



plant species or tissues thatiioit the PCR reaction and molecular detection (Ptatekl,

2002).

In this study the amount of sap added to the RT reaction play an important role in amplification,
thus it was necessary to determine the amount of template needed for optimal RNA
amplification. For instance, in this study, two scenarios were tested, one plant sample in which
high amount (7 pl) of final solution containing RNA occurs and the second included plant
samples with low amount (4 pl) of final solution containing RNA. This wasedo determine a

range of template that can be added to obtain optimal amplification. The results showed that, the
plant sample containing high amount (7 ul) of final solution yielded amplicon at the size of 720
bp in electrophoresis analysis compared Ild amount of final volumes, implying that

amplification can be improved with high volumes as used in this study.

Gel electrophoresis results indicated that the fragments of all tested RYMV strains were
amplified except Tz539 RYMV strain band was famtSDT-RT-PCR as compared to iRT-

PCR technique, implying that the target amount of template may probably contained low virus
concentration. The delay in fragment amplification may also possibly caused by the failure of
primers to anneal due to sequencealality. Chandleret al (1998) suggest that the inhibitory
effect of RT on PCR is mediated through the RT interactions with the specific messenger RNA
(mRNA) or complementary DNA (cDNA) and that the inhibitory effect is dependent upon
template concenttian (or copy number). One of the problems encountered in the detection of

Grapevine leafroHassociated virus 3JGLRaV-3) was the low concentration of virus in



grapevine tissue (Acheclet al, 1999), which increased probability of inhibition from the RT

enzyme on the PCR (Chandg&tral., 1998).

5.6  Conclusion

The results of this study concluded that Immunocapture (IC) and Samplttube (SDT)-

Reverse Transcriptageolymerase Chain Reaction (FPICR) techniques for detection Bice

yellow mottle irus (RYMV) are rapid methods for characterization of RYMV strains and may

be recommended for use soon after periodical surveys to quickly identify new strains for
breeding purposes at low cost. With these simple techniques, large numbers of plant samples
detected using RPCR assays would be managed. Immunocapture and SDT methods may also
reduce risks from crossontaminations in sample process as they need short time in RNA
preparation. The SDT protocol seemed to be easier, faster areffecsive thaniC-RT-PCR in

terms of reagents for the detection of RYMV. However, the $OTPCR technique was not

able to detect RYMV samples with low RNA concentration as compared RI1ECR.
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CHAPTER SIX

6.0 Pathogenic variation and occurrence of multiple resistancereaking Rice yellow

mottle virusstrains in Tanzania



6.1  Abstract

Rice yellow mottle viruRYMYV) is a major biotic constraint for rice production in Africa. The
resistancebreaking ability of Tanzanian RYMV strains and phylotypes (S4Im (Tz526), S4lv
(Tz516), S4ug (Tz508), S5 (Tz429, Tz445), S6¢c (Tz486) and S6w (Tz539)) were tested by
inoculating rice cultivars wittRYMV1resistant alleles (Giganteymv1-2), Tog12387 fymv1-3),
Tog5681 (ymv13), Tog5438 (ymvl4), Tog5672 fymvi4+rymv2d) and Tog5674rgymv 15))

in a screen house. The results revealed multiple resisbmaaking strains and phylotypes on
resistant cultivars Gigante, Togl2387, Tog5438 and Tog5681. However, the resistance
breakdown was highly variable depending on the strain us€@®d(@01). Dsease severity ranged
from 11- 75.3% while the virulence potential of RYMphylotype S4Ilm (Tz526) was similar to
phylotype S6w (Tz539). The impact of strains and phylotypes on yield and its components in
rice cultivars revealed highly significant diffexs (PO0.001). The lowest percent plant height
reduction (2.8%), number of tillers per plant (2.5%), 1-88in weight (2.7%), spikelet sterility
(3.5%) and vyield (5%) was recorded in rice cultivar Gigante inoculated with RYMV phylotype
S6¢ (Tz486). PHgtype S6¢ (Tz486) despite being less virulent compared to other strains, its
virus titer in rice cultivar Gigante (1.833) was higher than S5 (Tz429, Tz445) inoculated on
Tog5674 (0.171, 0.207) and S6w (Tz539) inoculated on Tog5681 (0.283). The rdsistdimg

strain S5 (Tz445) multiplied in resistant rice cultivar Tog5674 without inducing visible
symptoms, but showed positive reaction to ELISA with low virus titer. The strain S5 overcame a
wide range of resistant alleles includingnv1-2, rymv13, rymvi-4 andrymvl5 resistance, with
exception ofrymvi4 + rymv2 The current results gave a new perspective for future

identification of resistanebreaking mutations through sequencing of the RYMV genome in



infected rice cultivars and mutagenesis of andtibeis viral clone useful for future RYMV
resistant breeding programs.
Keywords: Pathogenic variation, virulence, multiple resistahoeaking, RYMV strains, yield

losses, Tanzania

6.2  Introduction

High genetic diversity of RYMV and evolution of resistdreaking strains and phylotypes are
challenges in developing durable disease resistant varieties. Management of RYMV has mainly
relied on the use of resistant varieties. Insect vector control and prophylactic measures such as
high surveillance of seedblg, fields and weed reservoirs are also used for management of
RYMV despite timeconsuming and variable efficiency (Traatal, 2008; Pidoret al, 2017).

The resistance of rice plants to RYMV is controlled by the recessiveRjék&/1(Ndjiondjop et

al., 1999), located on chromosome 4 (Albetr al, 2003) and encodes the isoform of the
eukaryotic translation initiation factor 4G (elF (iso) 4G1) (Albaal, 2006) but RYMV is able

to evolve fast. Generally, most of resistance sources to RYMV are abt&iom Oryza
glaberrima Several highly resistant varieties with known genes of resistant to RYMV have been
identified that include rice cultivars Giganteyiivk2) (Ndjiondjop et al, 1999), Togl12387
(rymv13) (Jaw et al, 2010), Tog5681rymv13) (Albar et al, 2003), Tog5438rymvi4),
Tog5672 (ymvl4+rymvd and Tog5674 rgymv15) (Thiémélé et al, 2010). Resistance
conferred byRYMV2and RYMV3genes have currently been identified Oryza glaberrima
Tog7291 and Tog5307, respectively (Pitsllziet al, 2016; Pidoret al, 2017). Partial genetic
resistance quantitative trait locus (QTLs) which is polygenic has been reported to be widespread

in Oryza sativasubsp.japonica cultivars such as Azucena (Albat al, 1998). The resistance



QTLs has been rep@d to be characterized by a delay in symptom expression, low virus
accumulation and limited yield loss under field condition (Ghesquédral, 1997). The
resistance has been estimated and measured by testing the area under disease progress curve
throughassessing the disease severity at different number of days after inoculation (Ribeiro Do

Valeet al, 2001).

The RYMV disease is characterized by mottling and yellowing symptoms, stunted growth,
reduction of tiller formation and grain sterility (Kouasgial, 2005).Rice yellow mottle virus
disease may also cause complete crop failure that resulted from incomplete panicle emergence
and necrosis. Previous studies reported the significant yield losses ranging from120%
caused by RYMV pathogen. Tharus can be detected by symptoms and direct antibody
sandwich enzymdéinked immunosorbent assay (DAS.ISA) using polyclonal antibodies (Pinel

et al, 2000). Disease severity refers as effect of the virus on an individual rice plant covered by
symptoms andneasured either by necrosis or stunting and decrease in plant height that can be
used to gauge yield losses (Kouassial, 2005). Diverse groups &ice yellow mottle virus
strains are widely distributed in Tanzania (Abubadtaal, 2003; Banweet al, 2004; Kanyekaet

al., 2007; Hubertet al, 2017). The strain S5 is restricted in Kilombero Valley in Morogoro
region, while S4 and S6 are widely spread throughout the country (Abubtlkar, 2003;
Kanyekaet al, 2007). Rice Qryza satival.) is one ofthe major staple foods ranking second
after wheat worldwide (FAO, 2015). In Tanzania, rice is the second most important staple cereal
grain after maize. The smallholder farmers depend on rice both for food security and cash
(Mghaseet al, 2010). Despiteice being an important food crop in Tanzania, productivity has

remained low 1.0 2.2 t ha' compared to over 5.0 t haeported in Asia countries (Kilimdrust,



2012; FAO, 2015)Rice yellow mottle viruss a major biotic constraint for rice productiom i

Africa (Lamoet al, 2015; Huberet al, 2016).

High level of RYMV genetic diversity have accelerated emergence of new virulent strains which
are capable of overcoming resistance of cultivated rice plants. The existence of high genetic
diversity of RYMV in Tanzania (Abubakaet al, 2003; Kanyek&t al, 2007), may be associated

with emergence of pathogen virulence and residiegrking strains. Such high level of
pathogen adaptability has seriously affected efforts of breeding RYMV disease resistance
varieties. The molecular basis of breaking resistance conferrBY Biw1gene has been studied

for the allelesrymv12 and rymv1:3 (PinelGalzi et al, 2007; Poulicardet al, 2010) and
resistance breakdown associated with emerging RYMV phylotypes loalsegla observed under

screen house conditions (Fargedtel, 2002; Traor@t al, 2006).

The highly resistant rice cultivar Gigante has been reported to be effective against range of
different RYMV strains from Central and West Africa (Ndjiondjepal, 1999; Traoréet al,

2006), the phenomena which recently have also been observed in Uganda (Mungeinginka
2016). In Tanzania, RYMV strain S6 (Tz209) has been reported to break the resistance of rice
cultivar Gigante (PineGalziet al, 2007). Thaesistance of Gigante has also been reported to be
broken down by RYMV strains from various geographic areas (Fargetdk 2002; Sorheet

al., 2005; Traoreet al, 2006). Furthermore, the occurrence of resistdmeaking of West and
Central African RFMV strains for highly resistant riceQtyzaspp.) cultivars Giganteyfmv1-2)

and Tog5681 rymv1-3) has also been reported (Trae€al, 2006; Amanchcet al, 2009;

Poulicardet al, 2010).



Selection and breeding for disease resistant varieties is considered as the best means for control
of RYMV disease and have successfully been done in several countries in Africa (Rakotomalala
et al, 2008; Jaw, 2010; Thiémédt al, 2010; Sow, 2012; Kart al., 2013; Munganyinkat al,

2016). But such resistant varieties were developed using only a single RYMV strain which does
not necessarily protect rice plant from other strains. The development of resistant varieties
requires clear understanding of gén variability of host and pathogen and its impact on the
interaction between them. Cultivars with stable genes of resistance are likely to be selected for
cultivar improvement. However, natural occurrence of the strains is not enough to evaluate
durabiity of resistance to RYMV; it should rather be assessed using mechanical inoculation of

commonly occurring strain (Fargeteal, 2002).

Identification of resistarbreaking RYMV strains in rice cultivars witRYMV1resistant genes in
Tanzania will enale identification of suitable resistant genotypes to improve local rice cultivars.
However, lack of information on the distribution of virulent strains and their reaction on
differential rice genotypes, slows the process of breeding for RYMV resistaiiemzania. The
purpose of this study, therefore, was (i) to determine the pathogenic variation of Tanzanian
RYMV strains and phylotypes against rice cultivars with known resistant genes and (ii) to assess
the virulence and multiple resistamteaking abiliy of RYMV strains and phylotypes on highly
resistant cultivars as well as partially resistant and susceptible rice varieties and their effect on

yield.



6.3 Materials and Methods

6.3.1 Sources ofRice yellow mottle virustrains and phylotypes

Infectedleaf samples with typical symptoms of different RYMV strains and phylotypes used in
this study are shown in Table 6.1. The infected rice samples were kept in nylon and paper bags
and transported to the laboratory at Sokoine university of Agricuture, Mar@gnl stored in the
refrigerator at20°C for further use. Three preservation methods (thick plastic bags (Zip lock),
small brown paper envelopes and vactggaled plastic bags) were used to reduce the chances

of loss of RYMV viability.

Table 6.1:Rice yellow mottle virustrains and phylotypes used in this study

Isolate Region District Date Strain Reference

Tz516 Arusha Monduli 2014 S4lv Hubertet al, 2017
Tz508 Kilimanjaro Moshi 2014 S4ug Hubertet al, 2017
Tz526 Morogoro Kilombero 2013 S4lm Hubertet al, 2017
Tz429 Morogoro Kilombero 2013 S5 Hubertet al, 2017
Tz445 Morogoro Ulanga 2014 S5 Hubertet al, 2017
Tz486 Morogoro Ulanga 2014 S6c Hubertet al, 2017
Tz539 Morogoro Kilombero 2013 Séw Hubertet al, 2017

S4lv = Strain 4Lake Victoria, S4ug = StrainWganda, S4lm = Straindake Malawi, S6¢ =
Strain 6coast area, S6w = Strainide, Tz = Tanzania

6.3.2 Sources of resistant rice genotypes
The sources of rice genotypes with known resistant genes usszteen Tanzanian RYMV

strains and phylotypes are shown in Table 6.2.

Table 6.2: Resistant rice genotypes associated genes and source

Rice genotype Resistant genes  Sources of seeds Reference
Azucena (Partial R.) QTLs IRD, France Albar et al,, 1998
IR64 (S. control) rymvl1 IRD, France Ndjiondjopet al, 1999

Gigante rymvl2 IRD, France Ndjiondjopet al, 1999



Togl12387 rymvi3 AfricaRice Jaw, 2010

Tog5681 rymv13 IRD, France Albar et al, 2003

Tog5438 rymvl-4 IRD, France Thieméléet al, 2010
Tog5672 rymvl4+rymv2  IRD, France Thieméléet al, 2010
Tog5674 rymvi5s IRD, France Thieméléet al, 2010
SARO5 (S. control) none SUA Msombaet al., 2002

SUA = Sokoine University of Agriculture, IRD = French National Research Institute for
Sustainable Development, QTLs = Quantitative trait locus, S. = susceptible, R. = resistant.

6.3.3 Evaluation of the pathogenic variation of differentRice yellow mottle virustrains

The resistancéreaking ability of different RYMV strains and phylotypes from Tanzania was
evaluated on rice cultivars witRYMV1gene. The reaction of the known rice resistant cultivars
Gigante (ymv1-2), Tog12387 fymv13), Tog5681 (ymv1:3), Tog5438 (ymvl4), Tog5672
(rymvZ4+rymv2) and Tog5674rgmv15) against RYMV Tanzanian strains and phylotypes was
tested in a screen house. Splivt design with three replications was adopted. The strains were
considered as the mapiot and the cultivaas the suiplot. Partially resistant (Azucena), and

susceptible local variety (SARB) and (IR64) were included as controls.

6.3.4 Planting and seed establishment

Sixty seeds of each variety were planted in each replication (2 seeds/hole) in plgstic tra
measuring 48 cm length, 34 cm width and 9.5 cm depth filled with 10 kg of sterilized forest soil.
The soil was mixed with N: P: K (15:15:15) at a rate of 8 g/tray before sowing of seeds followed
by split application of Urea (8 g) 7 days after inocolat{DAI) and at early stage of flowering.
Thirty plants of each cultivar in each replication were used. Trays were constantly irrigated with

fresh tap water on the daily basis until maturity.



6.3.5 Inoculation and Disease assessment

Inoculum was prepareby grinding infected rice leaves using a mortar and pestle in phosphate
buffer saline with 0.5% TweeR0 (PBST 1X) at a ratio of 1:10 w/v (Pinet al, 2000). Nine
milliliter of PBST 1X were added to 0.9 grams of ground infected leaves of each RYMN strai
and/or phylotype to prepare inoculum which was used to inoculate 90 rice seedlings. Control
plants were inoculated with plain PBST 1X. Rice seedlings were inoculated with each of the
following RYMV strain or phylotype: S4lm, S4lv, S4ug, S5, S6¢c and Séwchvcoded Tz526,
Tz516, Tz508, (Tz429, Tz445), Tz486 and Tz539, respectively. Inoculation was done 15 days
after sowing (DAS). The last expanded leaves were inoculated by scratching the leaves using
sand paper and then rubbed with cotton to inoculateithe. Observations of RYMV symptoms
were done weekly, up to 42 days after inoculation. However, inoculated rice plants were

monitored daily up to maturity in order to evaluate the resistant breaking strains variability.

Disease severity was assessedndlividual plant basis using a rating scale é8 IRRI, 2002);

where 1 represented no symptoms, 3 = Leaves green, but with sparse disease or streaks, and less
than 5% reduction in height, 5 = leaves green or pale green with mottling, 8% height

redwtion and flowering slightly delayed, 7 = leaves pale yellow or yellow; Z6% height

reduction and flowering delayed, 9 = leaves yellow or orange, more than 75% height reduction,

no flowering and some plants dead. The reaction of RYMV disease to lisamsuwas done

using a modified scale developed by Zouzatwal (2008), whereas values from 1 to 1.5 were

given a score of 1 = highly resistant, 1.8.5 were assigned a score of 3 = resistant; 6.6

were rated as 5 = moderately resistant,-686% as 7 = susceptible, and 8.® as 9 = highly

susceptible. Scores above three were considered as virulent strains or phylotypesefTaboré



2008). Disease incidence (I) and severity (S) were calculated according to the procedures
described by Finnirgs(2003) as follows: | = gn;+ng)*100/( m+ ns+ns+ ny+ ng) and

S = ((N*1)+(nz*3)+(ns*5)+(n*7)+ (Ne*9) )*100/(m+ ne+ns+ N+ Ny)*9) where B, N3 Ns, N7, Ng
represented the number of leaves scored 1, 3, 5, 7 and 9, respectively.

The resistancéreakdown of each resistant rice cultivar were also compared by evaluating the
area under disease progress curve (AUDRC) for
1+ 9)/2] [t +17 t] 1 = 1, where:S = disease severity at thign observation antl = time (days) at

theith observation (Salaudeen, 2014).

6.3.6 Immunological analysis ofRice yellow mottle virus

The last fully expanded leaf of inoculated rice plants was collected 42 DAI for ELISA test. The
rice leaves of each test rice cultivar that did not show symptoms were also collected separately
at 60 DAI for ELISA test. The direct antibody sandwich enzyimieed immunosorbent assay
(DAS-ELISA) was used to test for the presence of RYMV in leaves harvested from inoculated
rice cultivars following procedures described by Petedl (2000). The polyclonal antiserum
produced against a Madagascan RYMV strain was used as a primary antibody. The virus titer
was considered sigytant when the optical density (OD) values were-fald greater than the

mean value of the negative control.

6.3.7 Effect of Rice yellow mottle virusn yield components of resistant rice cultivars

The effect of RYMV strains and phylotypes on the yield components of rice cultivars was
evaluated accordingo procedures developed by Zouzet al (2008). Yield components
included the number of tillers per plant and 1-@@8in weight (g). Plant height (cm) was also

assessed as a growth parameter. The height of the rice plant was determined using a ruler by



measuring the aerial part of the shoot from the soil surface to the tip of a long panicle. To
determine the number of tillers per plant, all tillers for thirty individual plants per tray in each
studied cultivar were counted and summed up to obtain thrage/@umber of tillers per plant.

The number of filled and unfilled grains per panicle was also counted for assessment of spikelet

sterility. Yield loss per panicle was determined as indicated in the formula below.

Mean yield of filled grains of nemocuated- Mean yield of filled grains of inoculated
Y P o x 100

Mean yield of filled grains of nemoculated

Where: Y/p = yield loss per panicle (%)

Data obtained were used to assess both inoculated andataated seedlings of each cultivar
and thus, the impact of the RYMV disease on growth of the rice plants. Mean values were
calculated and the impact of the disease was assessed using the dofdowinla:
Impact of RYMV (%) = (N#l) X 100/Ni (Zouzouet al, 2008)
Where: Ni = mean values on the seedlings not inoculated
| = mean values on the seedlings inoculated

Number of unfilledgrains
Spikelet sterility (%) =-------=--mmmm o x 100

Number of unfilled grains + Number of filled grains



6.3.8 Data analysis and statistical model

Rice yellow rottle virusdisease severity data were analyzed using GenStat Software Package

(14" edition). Prior analysis, data were arcsine transformed (Wiltaml, 1990). A constant

value (05) was added to each observation prior arcsine transformation as recommended by

Mc Donald (2014) . Dunk anOG®O05 Mas lused tp toenpam areagnent T e s t

means.

The following statistical model was used for analysis: Yij = p + Ci + Rj + €Hjj
Where Yij = Response of variables investigated, p = General meanitiCeffect of cultivars,
Rj = jth effect of RYMV strains, CRij = Interaction due to cultivars and RYMV strains, Eij =

Experimental error.

6.4 Results

6.4.1 Pathogenic variation of differentRice yellow mottle virustrains and phylotypes

The resistancereaking ability of Tanzanian RYMV strains and phylotypes were evaluated
using rice differential cultivars wittRYMV1 resistance gene. Disease progress asdade
reaction classes are shown in Table 6.3 and Fig. 6.1. The results showed multiple resistance
breaking in resistant cultivars Gigantgriivk2), Togl12387 fymv1-3), Tog5681 fymv1:3) and
Tog5438 (ymv14) inoculated with Tanzanian RYMV strains S4InebR6), S5 (Tz429, Tz445)

and S6w (Tz539), respectively, collected from Kilombero and Ulanga districts, Morogoro region
(Tables 6.3 and 6.4Rice yellow mottle viruphylotypes S4lv (Tz516), S4ug (Tz508) and S6c¢
(Tz486) collected in Arusha, Kilimanjaro arMorogoro regions, respectively, overcame the

resistance of rice cultivar Giganteyihvl:2), Togl12387 fymv1t3) and Tog5438 rymvl4).



