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Abstract 

Under the auspices of the Global Cassava Partnership for the 21st Century—GCP21, a group of 
cassava experts, breeders, economists, and social scientists met in Bellagio, Italy, in May 2013. 
They were joined by representatives of several important donors and formed a Global Alliance 
to Declare War on Cassava Viruses in Africa. The alliance subsequently published a road map 
describing all the activities necessary to control cassava viruses and limit their spread, both in 
Africa and globally. French scientists from CIRAD and IRD responded to the call of the Global 
Alliance by creating a team specializing in cassava bacteria, viruses, and their whitefly vectors. 
The team, together with African scientists and international organizations, is now set to 
establish a Pan-African Surveillance Cassava Network—one of the first of the road map’s 
milestones. Many of these French scientists belong to the Plant Protection Platform Center (3P 
Center), which is equipped with P2 and P3 labs. It can host plant pathogens and insects from 
the whole region, including Africa, and has all the equipment and expertise to diagnose and 
clean up plant material from these pathogens. The Center’s location on the island of La Réunion, 
some 600 km east of Madagascar, makes it ideal for an international cassava transit site 
dedicated to the free exchange of certified pathogen-free material between Africa and the rest 
of the world. French scientists here have trained a number of African scientists from West, 
Central, and East Africa, and intend to increase the training in collaboration with other 
international and regional organizations. 
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Cassava ranks as the fourth most important source of calories in developing countries after 
wheat, rice, and maize, and it feeds about 700 million people every day. It is the first food crop 
in sub-Saharan countries. Africa is also the world’s largest producer of cassava: in 2012 it 
accounted for more than 150 million MT of the global production of 263 million MT (FAOSTAT, 
2012). Yet Africa’s yield average of 10 MT/ha is below the world’s average of 12 MT/ha and lags 
far behind the potential of 65 MT/ha. In fact, since 1980, the annual increase in cassava 
production in Africa has been less than 3%. Moreover, population growth in Africa is increasing 
faster than anywhere else in the world; the African population is estimated to reach 2.1 billion 
by 2050. If cassava productivity does not change in the coming decades, typical cassava yields 
of 15 MT/ha will be only half of what will be needed to meet demand. Urbanization is 
accelerating in Africa as well. Today, only five countries (Ghana, Nigeria, Gabon, Congo, and 
Angola) have more than 50% of their population in cities. Yet by 2050 nearly all African 
countries will be in this situation. The rural population will have to produce significantly more 
cassava per capita and surface area if it is to feed this exploding population. Increasing cassava 
productivity in Africa is therefore one of its most pressing priorities. To achieve such increases, 
however, the crop’s devastating viral and bacterial diseases must first be controlled.  

There are two viral diseases infecting cassava in Africa—the cassava mosaic disease (CMD) and 
the cassava brown streak disease (CBSD). CMD is now present in all African countries producing 
cassava and can cause estimated losses of up to 45 million MT per year (Thresh et al., 1997) (Fig. 
1A, B). The disease is transmitted by whiteflies and disseminated through infected cuttings 
(Fauquet & Fargette, 1990; Legg & Fauquet, 2004; Patil & Fauquet, 2009). It was first described 
in Tanzania in 1894, and the African continent has witnessed several CMD epidemics. The most 
recent pandemic was in Uganda, from the late 1980s to the early 2000s (Deng et al., 1997; 
Otim-Nape et al., 1997; Zhou et al., 1997). The severe CMD pandemic has now invaded 12 
countries, including Cameroon in West Africa, and continues to spread (Legg et al., 2006).  

CBSD, first recorded in 1936 (Storey, 1936) in Tanzania, reemerged along the East coast of 
Africa in 2003, and soon after was recorded in the highlands of Uganda (Alicai et al., 2007). 
CBSD is also transmitted by whiteflies (Maruthi et al., 2005) and propagated through infected 
cuttings. CBSD does not affect the growth of the plants, and only yellow vein symptoms (Fig. 
1C) can be observed on the old leaves. But CBSD is catastrophic for root production as it 
induces severe necrosis in the roots and renders them unfit for consumption and processing 
(Hillocks et al., 2001; Nichols, 1950) (Fig. 1D). CBSD induces necrosis on the stem and new 
plants of the next generation are heavily infected. At present, CBSD is only in East Africa; a few 
potential occurrence have been recorded in the Democratic Republic of the Congo and Angola. 
The fear is that it could spread like CMD into Central and West Africa. 

Even after decades of research and development (R&D), CMD and CBSD are still the two worst 
biological constraints for cassava production in Africa. Both diseases are transmitted by the 
whitefly vector Bemisia tabaci (Legg et al., 2011) (Fig. 1E, F). Since the early 1990s, scientists 
recorded a new population of so-called super-abundant whiteflies in East and Central Africa, 
heightening fears that CMD and CBSD will spread further across the African continent and 
possibly worldwide. Most of the cassava germplasm cultivated in the world is highly susceptible 
to these diseases. So any widespread occurrence would have major and unanticipated 
consequences for food security, economic development, and social stability.  
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A third major disease, cassava bacterial blight (CBB), is present in most of the tropical and 
subtropical world. It appeared in Central Africa in the early 1970s and has caused major 
damage to the crop since then (Fig. 1G, H). This foliar and vascular disease severely affects 
cassava production in Africa, with losses of 12–100% of both yield and planting material. A 
significant recurrence of the disease was reported in recent years in different regions in Africa 
(López & Bernal, 2012; Verdier et al., 2004). 

Cassava is now recognized as a resilient crop for global warming because it withstands high 
temperatures and long drought periods and responds quite well to high CO2 concentrations 
(Jarvis et al., 2012; Rosenthal et al., 2012). However, global warming is likely to amplify the 
biotic constraints for cassava because higher temperatures will favor the vector B. tabaci as 
well as other pests. This potential additional impact from pest and disease is likely to happen. It 
thus reinforces the need for a powerful surveillance and diagnostic network that can stop the 
occurrence of any new cassava diseases at early stages of development. 

The Global Cassava Partnership for the 21st Century—GCP21 is a nonprofit organization for 
improving cassava productivity in the world. GCP21 gathered representatives of 24 R&D 
organizations and donor agencies at the Rockefeller Foundation Center, in Bellagio, Italy, on 5–
10 May 2013. The participants immediately established a Global Alliance to Declare a War on 
Cassava Viruses in Africa and developed a road map (Legg et al., 2014) describing three primary 
objectives: to prevent CBSD from reaching Central and West Africa (the largest cassava-
producing region in Africa); to better control the effects of these cassava biotic constraints in 
parts of Africa already affected; and to prevent the spread of the severe epidemic of CMD and 
CBSD to the rest of the world. The road map lists a number of immediate, mid-, and long-term 
actions (Legg et al., 2014). Its first milestone is the development of a Pan-African Surveillance 
Network of cassava diseases. Such a network would help spot new occurrences and would 
enable the spread of CBSD, for example, to be stopped or delayed significantly. The project also 
aims to create a set of performing diagnostic tools, to be optimized, disseminated, and made 
available to members of the network, together with training and coordinated development. It is 
critical that all cassava material exchanged in the world go through international transit sites 
that have appropriate expertise and tools to ensure that no disease is accidentally spread 
across continents. 

Following the Bellagio road map, scientists from CIRAD and IRD, two French research centers 
operating in Africa with headquarters based in Montpellier, responded to the international call 
of the Global Alliance to Control Cassava Viruses in Africa. They formed a unique team with 
scientific and technical expertise on bacteria, viruses, and whiteflies. The team has extensive 
experience on these pathogens and insects and has long collaborated in Africa. Furthermore, 12 
years ago CIRAD developed a Plant Protection Platform Center (3P Center) in La Réunion 
(France), with all the necessary equipment and expertise to become an international cassava 
transit site.  

The vision of the Global Alliance is to develop coordinated actions that will limit the spread of 
CBSD, decrease the impact of CMD and CBSD in Africa, and prevent the global dissemination 
of both viruses. 
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Action themes 

Below we review the scientific and technical information in the following order: 

1. Virus expertise: Jean-Michel Lett (CIRAD) 

2. Bacteria expertise: Valérie Verdier (IRD) 

3. Whiteflies expertise: Hélène Delatte (CIRAD) 

4. Pathogen diagnostic: Isabelle Robène (CIRAD) 

5. International Diagnostic Laboratory (Patho-Bios) in West Africa: Christophe Brugidou (IRD) 

6. Genetic studies of cassava landraces in Central Africa : Marie-France Duval (CIRAD) 

7. Cassava international transit site: Michel Roux-Cuvelier (CIRAD) 

8. Training of young African cassava scientists: Bernard Reynaud (CIRAD) and Stéphane 

Poussier (University La Réunion) 

9. Global data center: Henri Brouchoud (CIRAD) 

10. The 3P Center: Emmanuel Jouen (CIRAD). 

 
1. The constraints of viral diseases 

Cassava cultivation is associated with a wide range of diseases that seriously undermine the 
food and economic security in African countries. The most notable of these is CMD, caused by a 
complex of cassava mosaic geminiviruses (CMGs; Geminiviridae, Begomovirus) (Patil & Fauquet, 
2009). CMD is currently the most damaging plant virus disease in the world, with an epidemic in 
East and Central Africa. It has led to annual crop losses valued at US $1.9–2.7 billion and a 
famine that has likely killed thousands of people. CBSD, for now present in East Africa but 
known to be spreading, induces necrosis in the roots of the plants and renders them unfit for 
consumption and processing. Consequently, farmers lose the entire harvest and cannot replant 
cuttings from infected stems (Patil & Fauquet, 2009). 

Molecular epidemiology of CMD 

CMD has a long history in Africa, having first been described in the 19th century in what is now 
Tanzania (Warburg, 1894). In the 1990s, a severe epidemic of CMD occurred in Uganda and 
devastated the country’s cassava production (Patil & Fauquet, 2009). Key characteristics of this 
severe CMD epidemic were the high incidences of a particular recombinant virus, called the 
Uganda strain of East African cassava mosaic virus, or EACMV-UG (Deng et al., 1997; Gibson et 
al., 1996; Zhou et al., 1997). It frequently occurs as a mixed infection with African cassava 
mosaic virus (ACMV) (Harrison, 1997; Pita et al., 2001) and super-abundant Bemisia tabaci 
populations (Legg & Ogwal, 1998). Since the 1990s, EACMV-UG seems to be spreading from 
Uganda to West Africa (Legg et al., 2011).  

To better understand the epidemiology of CMD as a major constraint of cassava production, we 
investigated a large-scale plant epidemiological survey in Central African Republic (CAR) and 
Madagascar, as part of two doctoral theses with a CAR student, Innocent Zinga (Zinga, 2012), 
and a Malagasy student, Mireille Harimalala (Harimalala, 2012). Standard protocols were used 
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to assess the major cassava pests and diseases, and CMD was shown to be the most serious 
constraint to cassava in both countries (Harimalala et al., 2014; Zinga et al., 2013). CMD is 
distributed throughout the two countries, with an average incidence of 85% in CAR. Importantly, 
94% and 95% of diseased plants collected in CAR and Madagascar, respectively, had cutting-
derived CMD infection, suggesting that farmers mostly use virus-infected cuttings for planting. 
These findings reinforce the urgent need to implement control strategies, based in particular on 
farmers’ awareness of CMD, the use of phytosanitary procedures, and the selection and 
popularization of resistant varieties. Molecular diagnosis revealed that the causal agents of 
CMD in CAR, Chad (Zinga et al., 2012), and Burkina Faso (Tiendrebeogo et al., 2009) are ACMV 
and/or EACMV-UG. We also demonstrated that 58% of CMD samples of CAR present mixed 
infections (ACMV and EACMV-UG) and that the severity of symptoms was significantly higher in 
these samples (Zinga et al., 2013). Molecular diagnosis of CMGs in Madagascar revealed an 
unprecedented diversity of six species: ACMV, East African cassava mosaic Cameroon virus 
(EACMCV), East African cassava mosaic Kenya virus (EACMKV), EACMV, South African cassava 
mosaic virus (SACMV), and Cassava mosaic Madagascar virus (CMMGV), a new species 
(Harimalala et al., 2014; Harimalala et al., 2012). Distinct geographical distributions were 
observed for the six species in Madagascar. While ACMV was more prevalent in the central 
highlands, EACMV and EACMKV were prevalent in lowlands and coastal regions. Both EACMCV 
and SACMV occurred in almost all the localities visited. Polymerase chain reaction (PCR) 
diagnosis revealed that mixed infection (up to four co-infected viruses) occurred in 21% of the 
samples and was associated with higher symptom severity scores. All our results suggest that 
mixed infection and synergism between CMGs could be an important feature in the low yields 
of cassava plants in these countries, similar to the severe CMD epidemics reported in East Africa. 

Genetic diversity and phylogeography of CMGs 

Given the sampling locations, sampling dates, and full genome sequences of hundreds of CMG 
isolates sampled during 1996–2009, we statistically retraced the historical migration rates and 
dissemination routes of these viruses across sub-Saharan Africa and the South West Indian 
Ocean (SWIO) islands (De Bruyn et al., 2012). We demonstrated the presence of three CMG 
species circulating in the Comoros and Seychelles archipelagos (EACMV, EACMKV, and 
EACMCV). Phylogeographic analyses suggest that presence of CMGs on these islands is likely 
the result of their being introduced at least four times independently from mainland Africa 
between 1988 and 2009. Although only two recombination events characteristic of SWIO 
islands isolates were identified, numerous reassortment events were detected between EACMV 
and EACMKV, which seem to interchange their genome components almost freely. We 
demonstrated the rapid and extensive virus spread of a complex of three CMG species within 
the SWIO islands. Strong evolutionary or ecological interaction between CMG species may 
explain both their propensity to exchange components and the absence of recombination with 
non-CMG begomoviruses. Our results suggest that anthropic factors may play a major role in 
the spread of CMGs, as the principal axes of viral migration correspond with major routes of 
human movement and commercial trade.  

 
2. Cassava bacterial blight and cassava leaf necrosis 
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The bacterium Xanthomonas causes two important cassava bacterial diseases (CBD) of cassava: 
cassava bacterial blight (CBB), caused by Xanthomonas axonopodis pv. manihotis (Xam), and 
cassava bacterial necrosis (CBN), caused by Xanthomonas cassava (Xc). CBB, a vascular disease 
transmitted through stem cuttings, severely affects cassava production worldwide. Yield losses 
can be extremely severe when highly susceptible cultivars are grown. A significant recurrence of 
the CBB disease was recently reported in Africa and South America (Ogunjobi et al., 2010; 
Trujillo et al., 2014a). Collectively, because of its economic impact, Xam has been ranked as one 
of the top 10 bacterial plant pathogens (Mansfield et al., 2012). Compared to CBB, CBN disease 
caused by Xc is less severe and less widespread—reported only in East Africa. There is currently 
no information on CBN impact and propagation. Yet rigorous monitoring is lacking and 
symptom monitoring performed by trained pathologists will provide a much needed unbiased 
assessment of the incidence of CBB and CBN in Africa.  

We currently typed X. axonopodis pv. manihotis strains by restriction fragment length 
polymorphism, amplified fragment length polymorphism, and rep-PCR (Restrepo et al., 1999a; 
Restrepo et al., 1999b; Restrepo & Verdier, 1997; Trujillo et al., 2014b). Recent draft genome 
sequences of 65 strains of Xam and one Xc are available (Arrieta-Ortiz et al., 2013; Bart et al., 
2012; Bolot et al., 2013) and were screened for new genetic markers. (Arrieta-Ortiz et al., 2013) 
report a new molecular typing system of Xam based on variable number of tandem repeats 
(VNTR) analysis. It is one of the most advanced tools for fast, reliable, and high-resolution infra-
specific molecular typing of bacterial strain identification (Bühlmann et al., 2013). Repeats in 
the Xam genome were identified with comparative genomic tools, and VNTR markers were 
developed and validated (Arrieta-Ortiz et al., 2013). A multiple-locus VNTR analysis was applied 
to Xam isolates from bacterial collections representing regional distribution of the pathogen in 
the Eastern plains of Colombia (Trujillo et al., 2014b).  

Strains of Xam were collected more than 20 years ago in targeted geographical areas in West 
and Central Africa. Except in some regions of Colombia (Trujillo et al., 2014b) and Nigeria 
(Ogunjobi et al., 2010), there is at present a striking paucity of data and biological samples from 
X. axonopodis pv. manihotis. Very few strains of X. cassavae, first isolated in East Africa in the 
1980s (Verdier et al., 1994), are available. The exchange of contaminated cassava materials 
contributes to the migration of strains and consequently influences rapidly the genetic 
structure of Xam populations (Trujillo et al., 2014b; Verdier et al., 1994). Climate change may 
also influence the genetic diversity and population structure of Xam (Restrepo et al., 2000). 
Gaining a much deeper and wider understanding of the structure of African Xam and Xc 
populations is an essential prerequisite to guide the rational deployment of CBB and CBN 
control methods. Filling the knowledge gap on African Xam and Xc populations forms the 
foundation of the proposed Pan-African Surveillance Network of Cassava Diseases and is one of 
its highest priorities. 

Another goal is to develop reliable, sensitive diagnostic tools for CBB and CBN diseases. PCR-
based diagnostic methods for CBB have been developed in the past and rely on specific Xam 
sequences or antibodies (Ojeda & Verdier, 2000; Verdier et al., 1998; Verdier et al., 2001; 
Verdier et al., 2004). (Triplett et al., 2013 ) developed a computational pipeline for rapidly 
comparing draft bacterial genome sequences and identifying unique regions. Primers designed 
to amplify these specific regions were recently adapted to a loop mediated isothermal 
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amplification method for rice bacterial blight and bacterial leaf streak pathogens (Lang et al., 
2014). This method is isothermal and can be performed in a heat block or water bath, making 
specialized equipment unnecessary. Altogether, these resources (pipeline and bacterial 
genomes) will allow rapid identification of genomic regions unique to Xanthomonas pathovars 
manihotis and cassava. Once identified, these regions will be used to develop diagnostic 
primers.  

Host resistance is the most effective way to control CBB so far. Different pathotypes of Xam 
were reported in different countries in South America and Africa (Restrepo et al., 2000; Wydra 
et al., 2004), highlighting some specific interactions between cassava and Xam strains. However, 
no races have yet been identified among Xam strains. Nothing is known about CBN resistance 
and possible existence of races. Despite some knowledge on Xam pathogenic diversity, no 
breeding strategy is being developed for controlling CBB disease. Plant defense responses to 
Xam have been well characterized (Kpemoua, 1995) and genomic tools for cassava, such as a 
large EST database and a cassava microarray, were developed and used for Xam-plant 
expression studies almost a decade ago (Lopez et al., 2005; Lopez et al., 2007). A strong effect 
in Xam pathogenicity has been demonstrated for few effectors and, among them, one 
transcription activator-like effector (Castiblanco et al., 2013). Two cassava CBB resistance genes 
have been cloned so far. The use of a mapping resource population holds great potential to 
facilitate identification and mapping of new resistance traits.  

Efforts are still needed to improve our ability to combat CBB and CBN. Epidemiological 
surveillance and diagnostic activities have the potential to reveal factors, such as the type of 
agro-ecosystem or host genotype, that correlate with strain dissemination and populations 
dynamics. Ultimately, we will lay the groundwork for the development of a CBB and CBN 
epidemiological surveillance and diagnostic network that can be easily implemented in the field. 

 
3. Whiteflies (in relation to CMD/CBSD and Africa) 

CMGs that cause CMD are transmitted by the whitefly Bemisia tabaci Gennadius (Homoptera: 
Aleyrodidae) (Chant, 1958; Dubern, 1994; Maruthi et al., 2005; Mware et al., 2009). B. tabaci is 
a complex of cryptic species comprising genetically variable but morphologically 
indistinguishable populations (Brown et al., 1995; De Barro et al., 2011). These cryptic 
populations vary in host range, fecundity, insecticide resistance, and virus transmission 
competency (among others) (Bedford et al., 1994; Brown et al., 1995; Costa & Brown, 1991). 
Within this species complex, several species are associated with cassava. Some might be better 
vectors or the most prevalent vectors of these viruses (Legg et al., 2002; Sseruwagi et al., 2005; 
Sseruwagi et al., 2004). Virus transmission was shown to be persistent and relatively efficient, 
as optimal rates of transmission could be achieved using as few as 10 whitefly adults per test 
plant (Dubern, 1994). This indicates that even a small number of whiteflies is enough to 
transmit the virus and can cause disease outbreaks.  

In Africa, B. tabaci-colonizing cassava have been shown to be different from non-cassava-
colonizing B. tabaci (Abdullahi et al., 2004; Abdullahi et al., 2003; Burban et al., 1992; Legg, 
1996; Omondi et al., 2005; Sseruwagi et al., 2005). Occurrence of non-cassava types (probably 
visiting) on cassava in the field has also been reported, among others, in Ivory Coast, Zimbabwe 
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(Berry et al., 2004), and Tanzania (L. S. Tajebe, personal communication). The characterization 
of the Ugandan cassava-associated B. tabaci populations using the mitochondrial cytochrome 
oxidase I (mtCOI) gene revealed two genotype clusters, Uganda 1 (Ug1) and Uganda 2 (Ug2), 
which diverged at approximately 8% (Legg et al., 2002). At the time the Ugandan populations 
were sampled in 1997, the Ug2 genotypes, which were thought to be an “invasive” population, 
were associated with the severe CMD epidemic. The Ug1 genotypes, the hypothesized 
indigenous population, occurred primarily at and ahead of the epidemic front (Sseruwagi et al., 
2006). Those cassava-associated genotypes were raised at species rank and recently renamed 
as sub-Saharan Africa high-level genetic group (non-silverleafing) (Boykin et al., 2013; Boykin et 
al., 2007; De Barro et al., 2011).  

During the past decades, outbreaks of B. tabaci in many parts of sub-Saharan Africa have 
become more and more frequent. Cassava crops colonized by B. tabaci have suffered major 
yield reductions due to CMD, with losses ranging from 20% to 40% in the most affected 
cultivars (Geddes, 1990; Otim-Nape et al., 1997; Thresh et al., 1994). Numbers of B. tabaci have 
increased more than 100-fold in many parts of East and Central Africa (Legg et al., 2002). This 
whitefly is not only the vector of CMGs. It has also been conclusively proven as the vector of 
CBSVs (Maruthi et al., 2005; Mware et al., 2009), where new data on the mechanism of 
transmission suggest that CBSVs, like other ipomoviruses, are transmitted in a non circulative 
mode (Legg et al., 2011). At present, B. tabaci is driving the dual pandemic of CMD and CBSD in 
several East and Central African countries and causing tremendous yield loss every year. 
Whitefly species diversity on cassava thus still needs more attention as few populations were 
studied from few African countries.  

To fill this knowledge gap, two PhD students (Lensa Sefera Tajebe and Brice Kette Tocko-
Marabena) have made recent studies in Tanzania and countries around CAR. Those studies focus 
on determining whitefly species on cassava plants, together with their associated endosymbionts, 
and more specific studies on some of those species at a population level. Our knowledge of 
biology, population genetic, and endosymbionts studies on B. tabaci in the Indian Ocean area 
will contribute to an understanding of the overall scheme of these whitefly upsurges observed 
together with CMD/CBSD pandemics (Delatte et al., 2006; Delatte et al., 2009; Delatte et al., 
2011; Delatte et al., 2007; Delatte et al., 2005; Mouton et al., 2012; Thierry et al., 2011). 

 

4. Diagnostic tools at the 3P Center 

A team at the 3P Center is developing diagnostic molecular tools for quarantine bacterial and 
viral plant diseases. The work relies on the abundant and various data obtained from taxonomy, 
diversity, epidemiology, and genomic studies of the different pathogens, generated by the 3P 
Center team and collaborators.  

Several sensitive and specific PCR-based protocols have been developed. For example, a nested 
PCR assay has been designed to detect the causal agent of anthurium bacterial blight, 
Xanthomonas axonopodis pv. dieffenbachiae, in Anthurium tissues (Robène-Soustrade et al., 
2006). This method is a useful diagnostic tool for indexing propagative plant material in 
nurseries and for surveillance of international movement of X. axonopodis pv. dieffenbachiae. 
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The method is referenced in the EPPO standards (i.g. PM 7/23(2): Xanthomonas axonopodis pv. 
dieffenbachiae) (Anonymous, 2009).  

Similarly, the team developed a reliable diagnostic tool for the causal agent of bacterial blight 
of onion, an emerging disease present in many onion-producing areas. This duplex-nested PCR 
assay is a specific and sensitive procedure for detecting and identifying X. axonopodis pv. allii, 
the pathogen that causes onion bacterial blight (BBO), in onion seeds and is useful for 
international sanitary surveillance of seed exchanges (Robène-Soustrade et al., 2010).  

New diagnostic tools based on real-time quantitative PCR are being developed for these 
bacterial pathogens (Robène-Soustrade et al., 2012) as well as for viral diseases. (Péréfarres et 
al., 2011) have developed five duplex real-time PCRs, in association with a novel strategy for 
the quantification standard, to detect and quantify a wide range of begomoviruses. These 
begomoviruses cause severe diseases in a wide variety of plant species, including many of 
considerable agricultural importance in tropical and subtropical areas. These assays should be 
of great interest to breeding programs and epidemiological surveys to monitor complex viral 
populations.  

We are innovating into new DNA-based diagnostic technologies. Bacterial wilt caused by 
Ralstonia solanacearum, a gram-negative soil-borne plant pathogen, is distributed worldwide 
and economically destructive. The thousands of distinct strains constitute a heterogeneous and 
taxonomically disputed species complex, with an unusually broad host range. We are 
developing an efficient and portable microarray technology to detect and identify different 
pathogenic and/or genetic groups of R. solanacearum, including emerging strains.  

The team has expertise in comparing and validating different molecular tools. In 2013 we re-
evaluated the specificity of different PCR primers that had been used for the detection of X. citri 
pv. citri or xanthomonads responsible for citrus bacterial canker (Delcourt et al., 2013). Both 
experimental and in silico analyses showed that there is still a need for highly specific PCR-
based diagnostic tools for X. citri pv. citri.  

The diagnostic team collaborates with the French Agency for Food, Environmental and 
Occupational Health & Safety (ANSES) to validate the different protocols through both 
intralaboratories and ring tests involving different European laboratories (Chabirand et al., 
2014).  

In past years, the team has contributed to surveys in Mauritius, Madagascar, and the 
archipelagos of Comoros and Seychelles, followed by identification analyses in order to 
inventory the plant pathogenic organisms in these countries under the PRPV (Hamza et al., 
2010; Pruvost et al., 2010; Pruvost et al., 2009a; b).  

The team’s competencies span development, assessment, and validation of diagnostic tools as 
well as management of collaborative studies. We can rapidly adapt to new challenges such as 
the evaluation and improvement of the sanitary situation of cassava in Africa. We propose to 
assess different existing diagnostic tests and to innovate into new DNA-based diagnostic 
technologies if necessary, in order to optimize the diagnostic of the main viral and bacterial 
pathogens of cassava in Africa. Such newly developed diagnostic tools should be: 

• At least as sensitive and robust as the present diagnostic methods (when they exist) 
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• Cheap, efficient, and not labor intensive 

• Easily transferable to other laboratories, including non-specialized laboratories. 

 

5. LMI-PATHO-BIOS “Monitoring Plant Pathogens in West Africa” 

The French research institute, IRD, has developed several International Joint Laboratories (LMI) 
in Africa and around the world. The impetus is to collaborate with local institutions to bring in 
national expertise and technologies and to train young African scientists on how to use them. 
One of the LMI laboratories, Patho-Bios, opened in 2013 in Ouagadougou, Burkina Faso. Under 
the “Monitoring Plant Pathogens in West Africa” project, its main goal is to study plant 
pathogens of important crops for the region. Rice has been chosen as primary crop for both 
historical reasons and because it is quite important in West Africa, home to AfricaRIce, a CGIAR 
Center. Subsequently, a regional project with cassava as a primary crop could be developed. 
Cassava is the most important food crop for West Africa, and a cassava center of excellence, 
developed in Kumasi, Ghana, under the WAAPP (West Africa Agricultural Productivity Program) 
project, already exists. The LMI and the WAAPP center could serve as key diagnostic and 
training centers for cassava diseases, as part of the Pan-African Surveillance Cassava Diseases 
Network in West Africa. 

Presentation 

The LMI Patho-Bios has two INERA (lnstitut de l'Environnement et de Recherches Agricoles) 
sites in Burkina Faso: Ouagadougou and Bobo-Dioulasso. It also has a regional focus with 
national research organizations (NARS) in the sub-region: University of Lomé in Togo; CNRA and 
the universities of Houphouët-Boigny and Nangui-Abrogoua in Côte d'Ivoire; the University of 
Technics and Technology in Bamako in Mali; the IER Institut d’Economie Rurale) in Mali; 
AfricaRice in Senegal, Benin, and Tanzania; CSIR-CRI in Ghana; and ITRAD (Ministry of 
Agriculture and Irrigation in Chad) in Chad. Patho-Bios, which will be associated with two other 
LMIs in Senegal, recently became a partner in the Plant Protection (ProVeg) network, which 
includes teams from the IRD Montpellier-France, CIRAD-3P, St. Pierre de La Réunion, and six 
countries in West Africa. 

Patho-Bios is host to 30 people, including 15 researchers with a strong expertise in the following:  

• Virology (Adjata et al., 2011; Adjata et al., 2009; Allarangaye et al., 2007; Fargette et al., 
2008a; Fargette et al., 2008b; Hébrard et al., 2010; Néya et al., 2007; Néya et al., 2008; 
Poulicard et al., 2012; Sérémé et al., 2014; Sérémé et al., 2009; Tiendrébéogo et al., 
2011; Tiendrebeogo et al., 2009; Tiendrébéogo et al., 2010a; Tiendrébéogo et al., 2008; 
Tiendrébéogo et al., 2010b; Traoré et al., 2008a; Traoré et al., 2010; Traoré et al., 2009; 
Traoré et al., 2008b)  

• Bacteriology (Wonni et al., 2011a; Wonni et al., 2011b)  

• Entomology (Hema et al., 2009; Héma et al., 2009) 

• Fungi (Yonli et al., 2010)  

• Nematology (Bellafiore & Briggs, 2010; Bellafiore et al., 2008)  

• Genetics of resistance (Orjuela et al., 2013).  

http://www.worldbank.org/projects/P094084/west-africa-agricultural-productivity-program-waapp?lang=en
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Before Patho-Bios was created, IRD in Montpellier and CIRAD in La Réunion, trained four young 
African scientists who now work at Patho-Bios: (Sérémé, 2010; Tiendrébéogo, 2010; Traore, 
2005; Wonni, 2013). Patho-Bios, in collaboration with organizations involved in the Pan-African 
Surveillance Cassava Diseases Network in West Africa, will train more African scientists on the 
different topics developed in the laboratory. 

Patho-Bios currently studies the biodiversity and biomonitoring of rice pathogens: Rice yellow 
mottle virus, bacteria (Xanthomonas oryzae pv oryzae, Xanthmonas oryzae  pv. oryzicola), and 
nematodes (Meloidogyne spp.) as well as resistance genes for these pathogens. Study of fungi, 
including Magnaporthe oryzae that infect rice, will be addressed in collaboration with CIRAD 
and AfricaRice. Surveys will be made on common experimental plots and will be implemented 
for all pathogens (Fig. 4). 

Virus activities. The team will conduct a number of biodiversity studies of the major diseases of 
rice in West Africa: sequencing the collection of viral INERA isolates; expanding surveys to other 
West African countries, together with research partners in these countries and, if necessary, by 
offering additional training in molecular virology; characterizing the molecular and pathogenic 
properties of these isolates; modelling the evolution and epidemiology of these diseases in 
West Africa; and experimentally testing hypothesis on the pathogenesis derived from modelling. 

Bacteria activities. The team will carry out an inventory and characterization of bacterial rice 
isolates from a collection of multiple-year campaigns, and study the evolution of populations of 
X. oryzae-based agro-ecosystems and environmental areas. It plans to develop and transfer 
molecular genotyping methods and identify major virulence genes in the identified strains and 
resistance gene pools. 

Nematodes activities. The team will offer surveys to assess the impact of nematode attacks on 
rice; isolation of nematodes and morphological characterization of genera present to conduct 
the inventory and geographical distribution of parasitic nematodes of rice; and molecular 
characterization of Meloidogyne species. The team will carry out species identification and 
assessment of the diversity of Meloidogyne infecting rice; sequencing candidate genes of M. 
incognita infecting rice and assessment of variability of candidate proteins; identification of 
areas subject to selection; and selection of representative isolates (“core collection”).  

Objectives 

The objectives of the “Monitoring Plant Pathogens in West Africa” project are to develop (first 
on rice) expertise and tools in the fields of virology, bacteriology, and nematology, and to 
strengthen staff training in the areas of plant pathology, molecular epidemiology, resistance 
breaking, and bioinformatics. The project aims to characterize and study the diversity of 
pathogens and monitor them in relation to global climate change. In addition, the associated 
regional biosafety laboratory funded by the West African Economic and Monetary Union 
(UEMOA) will develop synergies in research and training in the field of GMO-biosecurity and 
bio-monitoring of pathogens. Finally, Patho-Bios plays a dynamic role in the exploration of 
applications in biotechnology from the knowledge acquired on pathogens (production of 
recombinant proteins for enzyme research, development kits, and vaccine production (Sérémé, 
2010; Sérémé et al., 2008) (Fig 4). As soon as possible, we will transfer the knowledge and 
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expertise to cassava through collaborations within the Pan-African Surveillance Cassava 
Network in West Africa. 

 
6. Genetic studies of cassava landraces in Central Africa 

The CIRAD research unit for genetic Improvement, specialized in genetic diversity studies (Bory 
et al., 2008; Chaïr et al., 2010; Duval et al., 2006; Snoussi Trifa et al., 2012), is involved in 
several projects dealing with root and tuber crops in South Pacific (Sardos et al., 2008; Sardos et 
al., 2009), Caribbean region (Abraham et al., 2013; Arnau et al., 2009; Némorin et al., 2012) and 
Central Africa. Root and tuber crops are mostly reproduced sexually in the wild and are 
propagated clonally in cultivation. Thus, only part of the natural biodiversity is captured and 
used in crop improvement, and genetic diversification occurs by the occasional sexual 
reproduction and random chances of mutations. This could result in difficulties to meet major 
challenges such as global climatic change or pest and disease outbreaks. 

Originally domesticated in the southern rim of Amazonia, cassava was introduced into Africa by 
Portuguese in the 16th century at the Congo estuary and slowly adopted and spread by African 
populations. Cassava is now a major staple crop for the Central African region. However its 
productivity is much lower than the world average and farmers face major constraints including 
recent devastating pandemics of viral diseases. Despite the release of improved CMD tolerant 
varieties by IITA, most people from Central Africa prefer their local cassava landraces, better 
suited to the customary range of uses and recipes. 

Some African germplasm host local sources of resistance to CMD (Fregene et al., 2000; Rabbi et 
al., 2012), anthracnose disease (Owolade et al., 2005), and root rot disease (Onyeka et al., 
2005). The genetic resources of Central Africa are poorly documented. CIRAD is a partner of the 
project PRASAC (Pôle Régional de Recherche Appliquée au Développement des Systèmes 
Agricoles d’Afrique Centrale). This project which is involving Institutes from six CEMAC 
(Economic Community of Central African States) countries (Cameroon, RAC, Chad, Congo, 
Gabon and Equatorial Guinea), CIRAD and IITA, is funded by EU (2011-2015). The project aims 
to promote sustainable cassava production adapted to local markets by improving knowledge 
on local diversity, cultural and post-harvest practices, pest and disease management, and by 
helping partner countries to develop collections and breeding programs, and strengthening 
their human capacity.  

CIRAD participates to improve the knowledge on cultivated cassava diversity in the targeted 
countries, a necessary pre-requisite for germplasm maintenance and development of core 
collections. This research will serve as a basis for the development of conservation strategies 
adapted to local conditions and identification of potential parents for breeding programs. 

During the last decade, cassava genome studies have allowed the identification of several 
markers including the co-dominant simple sequence markers (Kunkeaw et al., 2010; Mba et al., 
2001; Rabbi et al., 2012; Sraphet et al., 2011; Whankaew et al., 2012). We selected, among 
them, a set of 30 SSR markers scattered across the genome, useful for diversity studies and 
easily transferable to Africans laboratories. One master and one PhD students from partner 
countries were trained in Montpellier in 2013. They have conducted diversity studies on 753 
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accessions sampled through five countries of Central Africa: Cameroon, Central African 
Republic, Congo, Gabon and Tchad. A sample of 38 American cassava accessions selected for 
their geographical diversity was provided by CIAT for comparison, which displayed a higher 
number of specific alleles. Nevertheless and despite the bottleneck following their introduction, 
the African accessions reached high levels of genetic diversity. Although African farmers 
generally report a strictly vegetative propagation, it is highly probable that sexual reproduction 
played a major role in the diversification of cassava in Central Africa.  

Such diversity study, done more extensively in the context of a panAfrican Surveillance Cassava 
Network, and completed with SNPs fingerprinting, in collaboration with the 3P Center and 
other organizations in Africa, would nicely complement studies on cassava landraces done in 
East Africa and would contribute to preserve and use the African cassava landraces that are 
extremely important for cassava improvement in Africa. 

 

7. Cassava international transit site on La Réunion 

Today, cassava is grown traditionally on La Réunion and restricted to small plots for family 
needs. The island is relatively isolated in the Indian Ocean and has no known cassava virus 
diseases, especially CMD and CBSD, so the sanitary conditions are exceptional for the growing 
of cassava in the SWIO and Africa. The incidence of other diseases such as CBB caused by 
Xanthomonas axonopodis pv. manihotis remains very low. These favorable factors, together 
with the presence of the 3P Center’s infrastructure and human skills, make La Réunion ideal for 
developing an international transit site of healthy plant material and so facilitate international 
exchange of disease-free cassava material in the near future. 

CIRAD’s Bassin Plat and Ligne Paradis stations have more than 10 ha of experimental fields and 
4,600 m² of insect-proof tunnels or greenhouses. The Ligne Paradis station hosts the 3P Center 
(Fig. 2A, G), where research in plant pathology and plant genetics is carried out. 

In recent years, CIRAD has acquired significant experience in the management of collections of 
plant genetic resources. In 2008, a Biological Resources Centre (BRC) was established and is 
now integrated into the 3P Center. The BRC is committed to a quality standard according to the 
French standard AFNOR NF S 96-900. 

The BRC holds three collections: 

• Vanilla, unique in the world, with about one third of the global diversity 

• Short-day tropical garlic of local and regional interest 

 “Under-utilized vegetables" of local and regional interest, including a sub-cassava 
collection consisting of 13 landraces and seven hybrids.  

On Mayotte, an island in the Mozambican channel, CIRAD also manages a collection of 17 
cassava landraces, representative of the local diversity. 

The 3P Center contains an in-vitro culture laboratory and a staff qualified to carry out sanitation 
of plant material programs. Initial work was conducted on local varieties of garlic for which two 
potyviruses, Onion yellow dwarf virus (OYDV) and Leak yellow streak virus (LYSV), were 
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eliminated by in-vitro meristem-tip culture. Two varieties have been cleaned and recorded in 
the French official catalog of varieties and a chain production of certified seed has been 
implemented. 

Similarly, a local variety of passion fruit contaminated by a potyvirus (Cowpea aphid-borne 
mosaic virus; CABMV) was successfully sanitized using a technique of in-vivo shoot-tip grafting. 
This work has allowed a scheme to be set up on La Réunion to produce healthy cuttings to 
farmers. 

With the P3 quarantine laboratory part of the 3P Center, quarantine pests and diseases can be 
introduced on the island. The first sanitation tests of cassava varieties infected with CMGs from 
Mayotte were carried out under these conditions. 

At the international level, CIRAD La Réunion is responsible for coordinating two regional 
cooperation projects, including those on the SWIO of Madagascar, Comoros, Mauritius, 
Seychelles, and Tanzania with Zanzibar Island. The aim of the project “Genetic Resources 
Management in Action Towards an Indian Ocean Network (GERMINATION)” (2014/2015) is to 
bring together stakeholders and expertise in management and development of agricultural 
plant genetic resources within a regional network. It combines institutional partners, 
government agencies, and private companies in the SWIO region, and is expected to preserve 
and enhance the diversity of plant genetic resources of the SWIO countries. Another project 
priority is to preserve cassava genetic resources, which are very important for food security in 
Madagascar, Comoros, and Tanzania. 

PRPV and e-PRPV programs. The first Regional Plant Protection Program (2003–2008) included 
the five members states of the IOC for which agriculture is a key sector of the national economy. 
Because of the proximity and the similarity of their island ecosystems, these five countries 
share many pest problems, particularly related to the presence of pests and diseases rampant 
in crops with high economic potential such as vegetables and fruits.  

Since 2008, new constraints linked to global changes (loss of biodiversity and climate change) 
and the food and energy crises have emerged. This new context has highlighted the need for 
these countries to secure their growing food and energy system, by taking advantage of 
complementarities in their agricultural economies in certain sectors. As a result, the e-PRPV 
(extended-PRPV) program has, since 2008, worked to consolidate the gains of the first PRPV 
and sustain the existing network by developing collaborations between countries of the IOC. e-
PRPV is also the operational component on La Réunion of the project “Regional Agroecology 
Initiative Climate Change, (IRACC)” which seeks to disseminate agro-ecological technologies 
across the Indian Ocean to help small-scale agriculture to adapt to climate change while 
improving the income and living conditions of farmers. 

 
8. Training and higher education 

The 3P Center and the University of La Réunion are closely involved in the supervision of PhD 
students. Many of them come from priority countries for French cooperation, CIRAD, and the 
University of La Réunion (e.g., Madagascar, Comoros, Mauritius, CAR, Burkina Faso, Ivory Coast, 
Vietnam, India). The 3P Center is helping to build capacity of southern universities where most 
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of the joint PhDs attend and to provide the necessary support for lecturers that will allow them 
to supervise research. The 3P Center and the University of La Réunion spearheads the 
development of a network of excellence for research and higher education in plant health in in 
West and Central Africa: “ProVeg” (research teams from six African countries) 
(http://proveg.org/). Most of the doctoral students pursue their careers in public higher 
education and research centers—often as post-doc or permanent staff. Some have been 
recruited at private international research institutes.  

The master’s “BEST” program 

The 3P Center is co-holder of the specialty “Biodiversity and Tropical Ecosystems (BEST)” 
master’s of life sciences at the University of La Réunion. This master’s program allows students 
to specialize in the field of ecology, biodiversity, evolutionary biology, biological invasions in 
natural ecosystems, and tropical conservation biology. Students can also specialize in tropical 
agronomy with skills in biology and epidemiology of plant pathogens (viruses, bacteria, fungi) 
and insects, plant breeding, quantitative genetics, and multi-species interactions and their 
applications to integrated pest management and agro-ecology. It is a very attractive program 
(M1 annually hosts an average of 49 students and M2 15 students) locally and beyond La 
Réunion. M2 BEST recruits locally, nationally, and internationally as well. The next goal is to 
share modules or build joint master’s courses with our regional, national, and international 
partners. The 3P Center also provides more than half of the courses and hosts approximately 
40% of the student internships every year. After 2017, master’s students will be directly hosted 
at the 3P Center.  

Investment in other local and international courses 

At the University of La Réunion, in addition to the BEST program, we are involved in the license 
of biology and in the “urban and environmental engineering” master’s program. At the regional 
level, we provide lessons at the University of Cape Town in South Africa. In Europe, we 
contribute to master’s courses at French and Belgian (Liège, Louvain) universities. Typically 
every year we receive numerous internship students from universities and schools for 
engineers from France (8 French Universities, AgroParisTech, Montpellier SupAgro, Agrocampus 
Ouest, ENSA Toulouse), Belgium (University of Liège), and our regional and African partners 
(e.g., Madagascar, CAR).  

Involvement in continuing education and e-learning 

The 3P Center and the University of La Réunion are committed to continuing education at local 
and regional levels. Under the regional program of Plant Protection (http://www.agriculture-
biodiversite-oi.org/), more than 150 professionals (researchers, engineers, and technicians) 
from the Indian Ocean region were trained on plant disease diagnosis, identification of insects, 
use of databases, and statistics. Developed under the project “BioPhyto,” a first training in agro-
ecological crop protection for professionals was coordinated in 2013.  

The success of the agro-ecological management of vegetables flies project (GAMOUR) in La 
Réunion, has prompted the development of a virtual module. This module, “Invasive insects 
and agro-ecological management: the case of vegetables flies in La Réunion island,” is based on 
a strong collaboration between the National Museum of Natural History (MNHN, Paris), DSIUN 

http://proveg.org/
http://www.agriculture-biodiversite-oi.org/
http://www.agriculture-biodiversite-oi.org/
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(Management and usage of digital information sy ems) from the University of La Réunion, and 
the 3P Center. This virtual module of close to 20 hours of courses will be hosted on the platform 
(http://plateforme-depf.mnhn.fr). It will be proposed in 2015 in master’s courses of MNHN 
(master’s in ecology, biodiversity and evolution) and University of La Réunion (Master BEST). 

 
9. Global data center 

Physical capacities 

Established more than 50 years ago on La Réunion Island, a French overseas department in the 
Indian Ocean, CIRAD employs a staff of 300 at five sites. It has several experimental stations, 
particularly in the south at Saint Pierre with Bassin Plat and Ligne Paradis stations. The Plant 
Protection Platform Center (3P Center) is CIRAD’s largest laboratory and hosts and manages most 
of the technical IT resources for the entire island. The IT infrastructure includes one data center 
comprising corporate servers, file servers and storage appliances, back-up devices, and a 
virtualized platform for application servers. Its 100-Mbps dedicated network capacity serves its 
main sites and the connexion with the University of Réunion Island in Saint Denis. CIRAD is also 
connected to the French national network for research and education.  

The virtualized platform, based on vmWare technology, can host project and application 
servers for all CIRAD scientific teams and its partners. Four main regional projects (web, 
database, e-learning, or GIS) use this platform for their servers.  

The 3P Center’s IT park is equipped with about 150 desktop computers, including high 
performance multiprocessor workstations for parallel computing. The Center uses the 
computation resources of the university’s high performance computing cluster for scientific 
applications that require intensive CPU. An on-site technical team and help desk provide park 
maintenance and IT support services. 

IT skills and experiences  

Since 2003, the 3P Center has been involved in the Regional Plant Protection Program (PRPV) 
and e-PRPV (Extension of the Plant Protection Network) regional cooperation programs for 
plant protection and biodiversity conservation and management. Both programs are done in 
partnership with countries in the SWIO (Mauritius, Comoros, Seychelles, Madagascar, and 
Zanzibar) and international institutions (IFAD, IOC, and EU).  

The 3P Center has taken the lead in many activities, especially the creation and development of 
a Web portal. The portal promotes sustainable agricultural production by disseminating agro-
ecological techniques and encouraging coordinated and effective management of biodiversity 
while respecting international agreements and regional priorities. The portal offers information 
on the strategies of the member states of the Commission of the Indian Ocean (IOC), 
regulations and ongoing activities, and laboratory research in agriculture and biodiversity. It 
provides tips for professionals to improve their daily practices and educational tools for 
teachers to educate their students (http://www.bio-agri.org).  

The 3P Center has also helped to develop a database of regional pests and diseases that 
contains a visual inventory of plant pests and diseases in the Indian Ocean area. The database 

http://plateforme-depf.mnhn.fr/
http://www.bio-agri.org/
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currently has about 6,000 records of 1,200 pests and diseases on 650 plants (http://db.e-
prpv.org ). Another 3P Center project involves innovative applications for smartphones that can 
automatically recognize plants from pictures, or observation statements and visual diagnosis of 
plant diseases on the spot. Both the portal and the database have been implemented 
collaboratively and are freely accessible to all partners. They are hosted and maintained at the 
3P Center’s data center.  

 
10. The 3P Center 

CIRAD’s 3P Center (http://reunion-mayotte.cirad.fr/en/research_in_partnership/ 
collective_research_tools/plant_protection_platform) is an original and efficient research 
platform dedicated to the protection of agro-ecosystems and tropical natural ecosystems. The 
3P Center, launched in 2002, offers a unique tropical dimension to regional (Indian Ocean), 
national, and international research communities. It provides high-quality, secure access to 
tropical experimental conditions and new opportunities for visiting international researchers. 
The 3P Center hosts permanent users (more than 100 scientists and technicians) (Fig. 2B) such 
as CIRAD and University of La Réunion, ANSES, the Organization for Plant Protection against 
Pests and Diseases (FDGDON) (plant clinic), and two start-up companies in the fields of 
information and communications technology and in-vitro culture. 

The 3P Center (Fig. 2A) was the initiative of four partners: CIRAD, University of La Réunion, the 
Plant Protection Division of the French Ministry of Agriculture and Fisheries, and FDGDON. The 
initial investment of 7 M€ for building and equipment was raised from European, French, and 
local funds.  

Since its opening, the 3P Center has produced more than 600 refereed publications, patents, 
software, and plant varieties; trained 400 students (including 300 Masters’ and 60 PhD); and 
trained 200 people within the framework of regional cooperation (Fig. 3). The Center is the only 
overseas technological research platform referrenced by the French scientific interest grouping 
IBiSA (Infrastructure in Biology, Health and Agronomy) and is thus associated with the European 
Core Technologies for Life Sciences initiative, launched in 2013. 
The 3P Center is divided into 11 laboratories (see insert 1) and comprises innovative and 
original components: (1) infrastructure for R&D activities such as phytopathology, entomology, 
forest ecology, molecular biology, genetics, and biotechnology; (2) services in pests and plant 
diseases diagnostic/detection, genotyping, seed quality control, and microscopy (Fig. 2C, D); (3) 
technology and knowledge transfer in plant protection systems, detection tests, plant 
sanitation, and plant micro-propagation (Fig. 2E); and (4) training and teaching. The Center 
contains 1,500 m2 of laboratories (biosafety containment levels 2 and 3) with up-to-date 
technologies (2 M€ worth of equipment) (Fig. 2H). 

The 3P Center also has a specialized documentation center, private and open workspaces with 
internal network and web access, and meeting rooms with videoconferencing systems. It 
contains 15 ha of experimental tropical fields that include 1,950 m² of insect-proof shade 
houses, 2,300 m² of insect-proof greenhouses (two SL2 glasshouses), 2,300 m² of insect-proof 
tunnels, and an experimental station in the tropical forest inside La Réunion National Park (Fig. 

http://db.e-prpv.org/
http://db.e-prpv.org/
http://reunion-mayotte.cirad.fr/en/research_in_partnership/
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2G). The laboratories are designed to receive a broad range of plants, pests, and pathogens, 
including quarantine virus, bacteria, and arthropods. 

The 3P Center also holds three collections in the BRC: vanilla, tropical garlic, and under-utilized 
root, tuber and vegetable species (Fig. 2F). The BRC was designated by IBiSA in 2009. 

A new quality management system is being set up, following the new French NF X50:900:2013 
standard, which is based on that of the ISO9001:2008, completed with specific requirements 
for research technological platforms in life sciences.  
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The 3P Center comprises 10 SL2 laboratories, 1 SL3 laboratory, and three research stations. More than 
100 scientists and technicians work on the site, and collectively have published 600 publications and 
trained 400 students since the Center’s grand opening in 2000. 

SL2 Laboratories 

1.  Common service equipped with autoclaves, freeze-dryers, culture media preparation automates, 
chemical hoods, and 12 freezers (-30°C) with alarms.  

2. Microbiology laboratory equipped with biosafety hoods, incubators, an automatic Spiral plater, 9 
ultra-freezers (-80°C) with alarms and secured with liquid CO2, an ELISA reader, a 
spectrophotometer, a cold room, and a temperate room for culture media storage. 

3. In-vitro culture and cryopreservation laboratory equipped with laminar flow hoods, binocular 
microscopes with integrated camera, growth chambers, a sterilizer, an incubator, cryopreservation 
equipment, and a cold room.  

4. Molecular biology laboratory equipped with 11 standard thermal cyclers, 3 gradient thermal cyclers, 
and 3 real-time thermal cyclers.  

5. Genotyping laboratory equipped with a 16-capillaries automatic DNA sequencer (ABI PRISM 3130xl), 
a chemical hood, a pulsed field gel electrophoresis system, a DNA microarray hybridization and high 
resolution scanning equipment, a PCR setup/samples diluting robot (Qiagen Qiagility), a nucleic 
acids extraction robot (Qiagen Qiacube), and an electrophoresis robot (Qiagen Qiaxcel).  

6. A laboratory dedicated to plant growth, pathogenicity tests, and insect rearing equipped with 11 
alarmed growth chambers (11 x 9 m2) and 6 insect-rearing rooms (6 x 17 m2) with alarms and for 
regulating and recording hygrometry, temperature, and light. 

7. Microscopy laboratory equipped with microscopes (some with image capturing system), an 
epifluorescence microscope, optical macro/microscopes with motorized focusing/zooming, and 
digital camera for generating all-in-focus images (Nikon AZ100M and NiU). 

8. Chemical ecology and electrophysiology laboratory dedicated to studies of insect behavior equipped 
with a wind tunnel system, an electro-penetration graph device, olfactometers, and a fume cupboard. 

9. Seed testing laboratory equipped with all necessary equipment. The laboratory is certified by the 
International Seed Testing Association.  

10. General entomology laboratory, equipped with 8 environmental testing chambers (Sanyo MLR350), 
binocular microscopes, and water baths. 

The SL3 (quarantine) laboratory features a chemical hood, a biosafety hood, an incubator, a double 
entrance autoclave, growth chambers, and insect rearing rooms.  

Bioinformatic support is provided to all users of the 3P Center. 

 



A French Team Joins the Fight on Cassava Viruses in Africa  20 

Legends of figures 

Figure 1: Photographs of the cassava diseases and whiteflies: A- CMD symptoms on a young 
cassava plant in Ghana. B- Photograph of 3 rows of resistant, tolerant, and susceptible cassava 
cultivars to CMD at IITA (left to right). C- Leaf symptoms of CBSD on an old cassava leaf in 
Uganda. D- Symptoms of necrosis on cassava roots in Uganda. E- Low population of super 
abundant whiteflies on cassava in Uganda. F- Close-up of super abundant whiteflies on cassava 
in Uganda. G- CBB on an old leaf of cassava and close-up of necrosis (insert). H- CBB on the 
meristem of a young cassava plan. 

Figure 2: Protographs of the 3P Center in St Pierre de la Réunion, France. A- Main research 
building. B- Scientists, technicians, and students of the 3P Center in 2012. C- Close-up of a plate 
cultivated with the bacteria Xanthomonas axonopodis pv. allii. D- Close-up of the cassava 
mealybug and its predator. E- In-vitro culture of a cassava shoot tip. F- Flower of a vanilla in the 
germplasm collection in St Pierre de la Réunion. G- Station Bassin Plat. H- Manipulation of DNA 
robots at 3P Center. 

Figure 3: Infography of the 3P Center in St. Pierre de la Réunion, France, after 10 years of 
activities. 

Figure 4: Diagram of the scientific activities of Patho-Bios in Burkina Faso. 

Insert 1: List of the 3P Center’s facilities, with a partial list of its most important equipment. 
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Abbreviations 

ACMV: African cassava mosaic virus 
AFNOR: Association Française de Normalisation – 
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