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Abstract  The whitefly-transmitted cassava mosaic 
disease (CMD) caused by cassava mosaic geminiviruses 
(CMGs) is the most important disease threatening the 
production of cassava (Manihot esculenta Crantz). Among 
the main measures for controlling CMD, the use of 
resistant varieties seems to be among the best methods. 
This study was conducted in 2017/2018 cassava growing 
season at three locations to evaluate the level of resistance 
to CMD of 7 elite cassava varieties widely used by farmers 
and 3 local cassava varieties cultivated in Burkina Faso. 
Both morphological and molecular markers were used to 
screen these varieties against CMGs infection. 
Morphological markers revealed 8 varieties as highly 
resistant (TMS 91/02312, TMS 92/0067, TMS 92/0325, 
TMS 92/0427, TMS 4(2)1425, TMS 94/0270, TMS 30572 
and Boborola) whilst the two others (Nouhao and 
Santidougou) were resistant. The molecular markers linked 
to CMD1 and CMD2 genes were detected in all varieties. 
The molecular marker associated with CMD3 gene was 

detected only in the 8 highly resistant varieties. However, 
whitefly number per plant and disease pressure were low 
during this study. It was, therefore, concluded that a better 
assessment of resistance of cassava varieties to CMD in 
Burkina Faso could be obtained by combining 
agro-inoculation and molecular screening. 

Keywords  Geminiviruses, Simple Sequence Repeats, 
Sequence Characterized Amplified Region, Resistance, 
Disease 

1. Introduction
Cassava (Manihot esculenta Crantz, Family: 

Euphorbiaceae) is an important food crop in most of the 
tropical regions of Africa, Asia and Latin America [1]. It 
is native from the Northern Amazonian basin [2], [3] and 
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was probably introduced into West Africa (Gulf of Guinea) 
in the 16th century by Portuguese [4]. It was spread 
quickly thanks to its resilience, flexibility of harvest and 
diversity of uses [5], [6]. Cassava is the second most 
important root and tuber crop after the potato (Solanum 
tuberosum L.) with a global production of more than 303 
million tons in 2019. In the same period, Africa 
contributed 192.1 million tons, more than half of the 
world supply [7]. About 33.2% of world's cassava is 
produced in West Africa, Nigeria being the top producer 
with 19.5% of the global production [7]. Cassava is a 
major staple for more than 700 million people in tropical 
and subtropical developing countries and enhances food 
security in these countries [8]–[10]. It is a valuable food 
security crop, particularly to smallholder farmers in 
Sub-Saharan African countries [11] and consequently a 
source of incomes for many processors and traders [9]. 
The high calorie yield per hectare (250 kcal/ha/day), 
drought tolerance, hardiness in stressful environments, 
flexibility of harvesting time are the major advantages of 
this crop compared to many other crops [5], [12], [13]. 
However, cassava production is negatively affected by 
several pests and diseases, among which, cassava mosaic 
disease (CMD) could be the major constraint. 

In Africa, CMD is caused by nine distinct cassava 
mosaic geminiviruses (CMGs) species: African cassava 
mosaic Burkina Faso virus (ACMBFV) [14], African 
cassava mosaic virus (ACMV) [15], East African cassava 
mosaic Cameroon virus (EACMCMV) [16], East African 
cassava mosaic Kenya virus (EACMKV) [17], East 
African cassava mosaic Malawi virus (EACMMV) [18], 
East African cassava mosaic virus (EACMV) [19], East 
African cassava mosaic Zanzibar virus (EACMZV) [20], 
Cassava mosaic Madagascar virus (CMMGV) and South 
African cassava mosaic virus (SACMV) [21]. Among 
these nine species, the presence of ACMV, ACMBFV and 
the Uganda strain of EACMV (EACMV-UG) was 
reported in Burkina Faso [14], [22], [23]. Recently 
EACMCMV was also detected in the country [24]. CMD 
causes chlorosis on cassava leaves, which reduces 
photosynthetic activity, ultimately leading to stunted 
growth of plant and lowered yields ranging from 20 to 95% 
[4].  

Among the main measures for controlling CMD, the 
use of resistant varieties is one of the best methods. It 
reduces both production losses that are caused by the 
disease and the inoculum source in crops, especially in 
varieties that suppress virus accumulation [25], [26]. 
Resistance to CMD was first obtained from a cross 
between cassava and its relative Manihot glaziovii Muller 
von Argau [27]. After three backcrosses into cassava to 
obtain suitable storage roots, several improved cultivated 
cassava genotypes of the Tropical Manihot Selection 
(TMS) series, with resistance to CMD were identified [28]. 
The CMD resistance gene “CMD1” from M. glaziovii is 
polygenic and recessive [25], [29]. A SSR marker, 

SSRY40 (linkage group D of cassava genetic map) [30], 
[31], was found to be associated with this resistance and 
explained 48% of the phenotypic variance of CMD 
resistance [31]. A second source of resistance “CMD2”, 
which is located on Linkage group R of the molecular 
genetic map of cassava, monogenic with a dominant effect, 
was discovered in Nigerian landraces of the Tropical 
Manihot Esculenta (TME) series [25], [26]. Simple 
sequence repeat (SSRY28, NS158 and NS169) and 
sequence characterized amplified region (RME1) 
molecular markers were found to be associated with 
CMD2 gene and explained 70% of the phenotypic 
variance [25], [26], [32]–[34]. Recently, a new CMD 
resistance gene, designated as “CMD3”, was described in 
the elite cultivar TMS 97/2205 [34]. TMS 97/2205 was 
derived from crosses of TMS 30572 (CMD1 resistant type) 
and TME 6 (CMD2 resistant type) [35]. The SSR marker 
NS198 was found to be associated with CMD3 gene and 
explained 11% of the phenotypic variance [34]. 

In Burkina Faso, cassava was introduced by farmers 
decades ago from Ghana and Côte d’Ivoire [36]. It has 
long been cultivated around vegetable gardens for 
domestic consumption. Formerly considered as a 
neglected crop, cassava has become a cash crop, since the 
formal introduction of improved varieties from the 
International Institute of Tropical Agriculture (IITA) in 
2003 and constitutes a major national commercial priority. 
Cassava production has spread in Burkina Faso with the 
support from the " Programme de Development Agricole " 
and the government initiatives to increase internal supply 
[36]. Despite these efforts, cassava production remains 
relatively low compared to the expected demanded. 
Indeed, national demand was estimated at 124,917 tons in 
2017 while the annual production was 22,104 tons [37]. 
To increase cassava productivity in Burkina Faso, the 
government, through the national research institute, has 
introduced some improved high-yielding varieties from 
IITA [35], [38], [39]. Since their introduction in Burkina 
Faso to date, no study on their resistance to CMD under 
farmer’s conditions has yet been conducted. This paper 
presents the results of a study aiming to estimate the level 
of resistance to CMD under natural conditions of 7 elite 
cassava varieties widely grown by farmers and 3 local 
cassava varieties of Burkina Faso. 

2. Materials and Methods 

2.1. Plant Material 

Thirteen distinct cassava varieties were used for the 
study. For ten of them their status regarding the infection 
to CMD was assessed (Table 1). The experiment was 
conducted in three locations. Prior to the experiment, the 
health status of the planting material was assessed. Each 
of the ten varieties was subjected to polymerase chain 
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reaction (PCR) using the following primers: JSP001 (5’- 
ATGTCGAAGCGACCAGGAGAT-3’) and JSP002 (5’- 
TGTTTATTAATTGCCAATACT-3’) for ACMV-like 
virus coat protein (CP) gene detection and JSP001 and 
JSP003 (5’-CCTTTATTAATTTGTCACTGC-3’) for 
EACMV-like virus CP gene detection [19]. Only 
CMD-free planting materiel (those which were negative to 
the virus’s detection using the primers mentioned above) 
was used for the evaluation of resistance to CMD. In each 
of the three experimental locations, CMD infected 
cuttings of the local variety from farmer’s fields were 
used as inoculum to allow natural infection by the isolates 
of the virus naturally present. Details of the cassava 
varieties are provided in Table 1. 

2.2. Experimental Sites and Field Layout 

The experiment was conducted in three locations during 
the cassava growing season 2017/2018. The locations 
were Léo (11°4’6.24’’N, 2°6’7.30’’O and 322 m altitude) 
in the Southern part of the country, Gourpouo 
(11°2’56.10’’N, 2°54’46.30’’O and 257 m altitude) in the 
Southwestern part and Savili (12°5’ 7.16’’N, 
2°2’16.77’’O and 340.4 m altitude) in the Centre (Figure 
1). These three locations are in Savannah part of Burkina 
Faso characterized by an annual rainfall ranged from 600 
to 900 mm. In each location, the experiment was 
conducted in a randomized complete block design with 
three replications containing eleven varieties (the ten 
varieties from clean planting material and the local 
infested variety of each location). In each block of 

replication, the variety was planted in two rows of five 
plants for a total of ten plants per plot separated from the 
next variety by one row of the infected local variety to be 
the source of virus inoculum. Clean planting materials (for 
each variety) of relatively uniform size were selected for 
the trial. Planting was done on ridges with the spacing of 
1 m between consecutive plant and 1 m between 
consecutive ridges for a planting density of 10,000 ha-1. 
The blocks were 2 m apart. 

No fertilizer or pesticide was applied during the 
experiment. Plots were hoe-weeded when necessary.  

2.3. CMD Symptoms Severity, Disease Incidence and 
Whitefly Population Assessment 

Each plant was assessed visually for the presence or 
absence of adult whiteflies and CMD symptoms (chlorotic 
mosaic of the leaves, leaf distortion, and stunted growth). 
The number of adult whiteflies as well as CMD symptom 
score was recorded at 1, 2, 5, and 10 months after planting. 
CMD symptom severity score was recorded using a scale 
of 1 (no symptoms) to 5 (very severe symptoms) [40]. For 
each variety, the CMD incidence was calculated as the 
percentage of infected plants in relation to the number of 
plants assessed [41] and CMD symptoms severity score as 
the mean rating of symptomatic and non-symptomatic 
plants. The number of adult whiteflies for each variety 
was determined by counting whiteflies on the top five 
fully expanded leaves of each plant. This was done to 
assess the relationship of whitefly population and the 
CMD symptom severity and the incidence of disease. 

Table 1.  The characteristics of cassava varieties used in the study 

Variety Type of 
variety Role of variety in the study CMD status 

before planting  Place of collection Origin 

TMS 30572 Improved  CMD resistance assessment  CMD free INERA/Burkina IITA/Nigeria 

TMS 4(2)1425 Improved  CMD resistance assessment  CMD free INERA/Burkina IITA/Nigeria 

TMS 91/02312 Improved  CMD resistance assessment  CMD free INERA/Burkina IITA/Nigeria 

TMS 92/0067 Improved  CMD resistance assessment  CMD free INERA/Burkina IITA/Nigeria 

TMS 92/0325 Improved  CMD resistance assessment  CMD free INERA/Burkina IITA/Nigeria 

TMS 92/0427 Improved  CMD resistance assessment  CMD free INERA/Burkina IITA/Nigeria 

TMS 94/0270 Improved  CMD resistance assessment  CMD free INERA/Burkina IITA/Nigeria 

Boborola Local  CMD resistance assessment  CMD free Boborola Burkina Faso 

Nouhao Local CMD resistance assessment  CMD free Nouhao Burkina Faso 

Santidougou Local CMD resistance assessment  CMD free Santidougou Burkina Faso 

Local Léo Local Source of inoculum at Léo CMD Léo Burkina Faso 

Local Gourpouo Local Source of inoculum at Gourpouo CMD Gourpouo Burkina Faso 

Local Savili Local Source of inoculum at Savili CMD Savili Burkina Faso 
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Figure 1.  The map of Burkina Faso showing experimental locations 

2.4. Resistance to CMD Classification 

Varieties with a mean CMD symptom severity score of 
“1” were classified as highly resistant (HR), those with 
score “2” were resistant (R), while score “3” were 
classified as susceptible (S) and scores “4” and “5” 
classified as highly susceptible (HS) [29], [42]. 

2.5. Detection of the Presence of Genes Conferring 
Resistance to CMD 

Total DNA was extracted from cassava leaves of each 
variety using the CTAB protocol according to Permingeat 
et al [43]. The concentration of DNA of each sample was 
determined using a NanoDrop 2000 spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA) and adjusted to 
200 ng/μL. The thirteen varieties were screened with four 
flanking markers (SSRY28, NS158, NS169 and RME-1) 
linked to the CMD2 gene [25], [26], [29], [33], [34]. 
SSRY40 marker linked to CMD1 gene was used for this 
resistance gene detection [31] and NS198 marker was 
used for CMD3 gene detection [34]. TME 3 (source of the 
CMD2 gene) and TMS 30572 (source of the CMD1 gene) 
were included as a positive control for polymerase chain 
reaction (PCR). In the absence of TMS-97/2205, the 

source of the CMD3 gene, all the varieties showing bands 
at a size of 196 bp were considered to have the CMD3 
gene [34]. The product sizes and other marker 
information’s are provided in Table 2. The PCR was done 
in a final volume of 25 μl, containing 2.5 µl of 10x of BD 
reaction buffer, 1.5 µl or 2.5 µl of 25 mM of MgCl2, 0.5 
µl of 10 mM of dNTPs, 0.5 µl of 10 µM of each primer, 
0.1 µl of 5U/µl of FIREPol® DNA Polymerase (Solis 
BioDyne, Teaduspargi, Estonia) and 200 ng of DNA 
template of each sample. The DNA amplification was 
carried out in a SimpliAmp™ Thermal Cycler (Life 
Technologies Holdings Pte Ltd, Singapore). The PCR 
temperature profile was set at 94°C for 2 minutes for 
initial denaturation, followed by 35 cycles of 
amplification at 94ºC for 30 seconds, 50°C or 55°C for 1 
minute and 72ºC for 1 minute. The final elongation step 
was performed at 72°C for 5 minutes. PCR amplified 
products were subjected to 2% (RME1) and 3 % (SSRY28, 
SSRY40, NS158, NS169 and NS198) agarose gels 
electrophoresis, stained with ethidium bromide. The 
electrophoresis was performed at 100V for one and a half 
hour and gels were visualized using a Compact Digimage 
System, UVDI series (MS major science, Saratoga, USA).
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Table 2.  Marker information’s for CMD1, CMD2 and CMD3 genes detection 

CMD 
Gene markers Type of 

Marker Right primer Left primer Expected Product size 
(bp) 

Ann temp 
(°C) MgCI2 (mM) 

CMD1 SSRY40 SSR TGCATCATGGTCCACTCACT CATTCTTTTTCGGCATTCCAT 231 55 1.5 

CMD2 

SSRY28 SSR GCTGCGTGCAAAACTAAAAT TTGACATGAGTGATATTTTCTTGAG 180 55 1.5 

NS158 SSR TGAAATAGTGATACATGCAAAAGGA GTGCGAAATGGAAATCAATG 166 55 2.5 

NS169 SSR GCCTTCTCAGCATATGGAGC GCCTTCTCAGCATATGGAGC 319 55 2.5 

RME1 SCAR AGAAGAGGGTAGGAGTTATGT ATGTTAATGTAATGAAAGAGC 700 50 2.5 

CMD3 NS198 SSR TGGAAGCATGCATCAAATGT TGCAGCATATCAGGCATTTC 196 55 2.5 
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2.6. Statistical Analysis 

Data analysis was performed using R software version 
3.6.1 (R Development Core Team, July 2019). The 
difference in the mean number of whiteflies and mean 
symptoms severity score of CMD between varieties were 
assessed using the Generalized Linear Model and Tukey’s 
pairwise mean comparison test. A pairwise comparison of 
proportions was used based on a G-test with correction of 
BY [44] to compare the incidences of CMD between 
varieties. Pearson correlation coefficient was used to 
assess the relationship between whitefly abundance and 
symptom severity or incidence of the CMD. The map of 
Burkina Faso showing experimental locations was 
designed using QGIS software version 2.18.26 (Online 
available from https://qgis.org/downloads/). 

3. Results 

3.1. Whitefly Number per Plant 

The whitefly abundance observed during the study was 

very low (1.5) with significant difference between 
varieties (p < 0.001) (Table 3). The highest mean number 
of whiteflies per plant was found on the variety 
Santidougou (2.4) and the lowest mean number on the 
variety Boborola (0.5). There was significant difference of 
whitefly mean number between cassava varieties in each 
experimental site (Table 4). At Léo, the highest mean 
number of whiteflies per plant was found on the variety 
Santidougou (4.5) and the lowest mean number on the 
variety Boborola (0.3). At Gourpouo, the highest mean 
number of whiteflies was found on TMS 30572 (2.8) and 
the lowest mean number on the variety TMS 92/0325 
(0.6). While at Savili, the highest mean number of 
whiteflies was found on TMS 30572 (1.4) and the lowest 
on Boborola and Nouhao (0.3). For most of the varieties, 
the mean number of whiteflies per plant was higher at Léo 
than the other experimental locations (Figure 2). No 
relationship was found between whitefly abundance and 
severity of the CMD, nor between whitefly abundance and 
incidence of the disease (R² = 0.31, p = 0.09). 

Table 3.  Whitefly mean number, disease severity, disease incidence and resistance status of cassava varieties involved in the study. 

Varieties WN SEV INC RS 
TMS 30572 1.9abc 1.00c 0.0a HR 

TMS 4(2)1425 0.9ef 1.00c 0.0a HR 
TMS 91/02312 1.5cd 1.00c 0.0a HR 
TMS 92/0067 1.1de 1.00c 0.0a HR 
TMS 92/0325 1.2de 1.00c 0.3a HR 
TMS 92/0427 2.1ab 1.00c 0.0a HR 
TMS 94/0270 1.6bcd 1.00c 0.0a HR 

Boborola 0.5f 1.00c 0.0a HR 
Nouhao 0.7ef 1.02c 0.97a R 

Santidougou 2.4a 1.49b 26.3c R 
Local varieties 1.8bc 2.54a 91.6b S 

Mean 1.5 1.4 24.5  
p-value *** *** ***  

WN = mean number of whiteflies per plant; SEV = mean CMD severity score; INC = Incidence of CMD (%); RS = Resistance status; HR = highly 
resistant; R = resistant; S = susceptible; *** = p < 0.001 

Table 4.  Whitefly number, CMD severity and disease incidence of cassava varieties at Léo, Gourpouo and Savili 

Varieties 
Léo  Gourpouo  Savili 

WN SEV INC  WN SEV INC  WN SEV INC 
TMS 30572 1.4de 1.00c 0.0a  2.8a 1.00c 0.0a  1.4a 1.00c 0.0a 

TMS 4(2)1425 1.2def 1.00c 0.0a  1.0cd 1.00c 0.0a  0.4b 1.00c 0.0a 
TMS 91/02312 2.7bc 1.00c 0.0a  1.2cd 1.00c 0.0a  0.5b 1.00c 0.0a 
TMS 92/0067 1.7d 1.00c 0.0a  1.2cd 1.00c 0.0a  0.5b 1.00c 0.0a 
TMS 92/0325 2.1cd 1.00c 0.0a  0.6d 1.00c 0.0a  0.6b 1.00c 0.0a 
TMS 92/0427 3.3b 1.00c 0.0a  2.0ab 1.00c 0.0a  0.7b 1.00c 0.0a 
TMS 94/0270 2.8bc 1.00c 0.0a  1.1cd 1.00c 0.0a  0.7b 1.00c 0.0a 

Boborola 0.3f 1.00c 0.0a  0.7cd 1.00c 0.0a  0.3b 1.00c 0.0a 
Nouhao 0.7ef 1.00c 0.0a  1.1cd 1.03c 2.8a  0.3b 1.02c 1.1a 

Santidougou 4.5a 1.39b 22.8b  1.6cd 1.48b 26.6c  0.4b 1.68b 31.7c 
Local varieties 3.3b 2.42a 88.5c  1.0cd 2.80a 92.8b  0.8b 2.34a 94.5b 

Mean 2.3 1.38 31.5  1.2 1.50 35.3  0.6 1.34 30.4 

WN = mean number of whiteflies per plant; SEV = mean CMD severity score; INC = Incidence of CMD (%) 
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Figure 2.  Comparison of whitefly mean number per variety in the three experimental locations. Mean number of whiteflies followed by the same 
letters are not significantly different between locations 

3.2. Cassava Mosaic Disease Symptoms Severity and 
Disease Incidence 

The mean CMD symptom severity score observed 
during this study was very moderate (1.4). The highest 
mean CMD symptom severity score (2.5) was found on 
the local varieties, used as inoculum (Table 3). The mean 
CMD severity score of these varieties was moderate in all 
experimental locations (Table 4). A significant difference 
was found between mean CMD symptom severity score of 
the local variety of Gourpouo (2.8) and those of Léo (2.4) 
and Savili (2.3) (p < 0.001). The disease incidence on the 
local varieties was 88.5%, 92.8% and 94.5% respectively 
at Léo, Gourpouo and Savili. Only the variety 
Santidougou showed significant difference of mean CMD 
symptom severity score compared to others in all the 
experimental locations (Table 4). The highest incidence 
among the 10 varieties was also found on the variety 
Santidougou in all the experimental locations. Incidences 
of 2.8% and 1.1% were found on the variety Nouhao 
respectively at Gourpouo and at Savili. No CMD 
symptom was found on the remaining 8 varieties in any of 
the experimental site (Table 4). 

3.3. Classification of Cassava Varieties for Resistance to 
CMD 

Based on disease mean symptoms severity scores, the 
cassava varieties were classified into three groups: highly 
resistant (HR), resistant (R) and susceptible (S). Group 
HR contained the varieties with a mean severity score of 1, 
group R had mean severity scores from 1.01 to 2 and 
group S mean severity score was ranging to 2.01 to 3 

(Table 3). 

3.4. Molecular Screening for Presence of CMD 
Resistance Genes 

Molecular markers linked to genes of resistance to 
CMD were detected by PCR using SSR and SCAR 
primers. The results revealed the presence of CMD1 gene 
in all the varieties using SSRY40 primer (Table 5). CMD2 
gene was detected in all varieties using SSRY28, in 11 
varieties using the primer NS158, in 10 varieties using the 
primer RME1 and in 9 varieties using the primer NS169. 
At least two of the four markers linked to the CMD2 gene 
have been detected in all the varieties and all these 
markers have been detected in six varieties (TMS 92/0067, 
TMS 92/0325, TMS 92/0427, Nouhao, Local Léo and 
Local Savili) (Table 5). The genotypic coincidence, 
relative to the presence of markers linked to the CMD2 
gene, was higher (0.85) for the markers NS158 × NS169 
and NS158 × SSRY28. The RME1 × NS169 combination 
presented the lowest genotypic coincidence (0.46), while 
the NS169 × SSRY28, SSRY28 × RME1, and NS158 × 
RME1 combinations showed intermediate coincidences 
(ranging from 0.62 to 0.77) (Table 6). CMD3 gene was 
found in 8 varieties using NS198 primer (Table 5). In 
summary, the markers linked to CMD1, CMD2 and 
CMD3 genes were detected in 8 varieties (TMS 91/02312, 
TMS 92/0067, TMS 92/0325, TMS 92/0427, TMS 
4(2)1425, TMS 94/0270, TMS 30572 and Boborola). The 
markers linked to CMD1 and CMD2 genes were detected 
in Nouhao, Santidougou, Local Léo, Local Gourpouo and 
Local Savili varieties (Table 5). 
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Table 5.  Molecular screening for CMD resistance genes 

Varieties 
CMD1  CMD2  CMD3 

SSRY40  SSRY28 NS158 NS169 RME1  NS198 

TMS 30572 +  + + + -  + 

TMS 4(2)1425 +  + + - +  + 

TMS 91/02312 +  + - - +  + 

TMS 92/0067 +  + + + +  + 

TMS 92/0325 +  + + + +  + 

TMS 92/0427 +  + + + +  + 

TMS 94/0270 +  + + + -  + 

Boborola +  + - - +  + 

Nouhao +  + + + +  - 

Santidougou +  + + + -  - 

Local Léo +  + + + +  - 

Local Gourpouo +  + + - +  - 

Local Savili +  + + + +  - 

 

Table 6.  Coincidence of varieties for the presence of markers that are 
linked to CMD2 gene in varieties 

Markers NS169 SSRY28 NS158 

SSRY28 0.69   

NS158 0.85 0.85  

RME1 0.46 0.77 0.62 

4. Discussion 
Cassava mosaic disease is the most important biotic 

constraint to cassava production. The deployment of 
resistant cassava varieties offers a potentially effective 
means of addressing the problem [25], [26], [45]. An 
important step in the implementation of this control 
strategy, is the evaluation of the responses to CMD of 
some of the most cultivated cassava varieties in Burkina 
Faso. A field screening of 10 cassava varieties for CMD 
resistance based on the score of CMD symptom severity 
and classification according to Lokko et al (2005) [29] 
and Houngue et al (2019) [46] was carried out in three 
locations (Léo, Gourpouo and Savili) in 2017/2018 
cassava growing season. All the seven improved varieties 
were found to be highly resistant (HR) using 
morphological markers. The results of some of them are at 
variance with past studies [47], [48] who found that TMS 
4(2)1423, TMS 30572, TMS 92/0325 and TMS 92/0067 
are either susceptible or moderately susceptible. This 
could be explained by the low number of whiteflies in our 
experimental locations but also by the low level of the 
inoculum. In addition, the presence of no symptom on the 
leaves of highly resistant or resistant varieties does not 
mean that they are not infected with the virus. Indeed, 
Asare et al (2014) [49], using CMGs strain-specific 
primers showed through PCR amplification that some 

varieties displayed no symptom on field were infected 
with ACMV. This suggests that these varieties are tolerant 
to ACMV infection whereas those with no PCR 
amplification band were resistant. Thus, field selection of 
resistance should be complemented with virus detection 
and virus quantification methods. 

The pressure of whiteflies populations was different in 
the three experimental locations. This agrees with results 
of Zinga et al (2016) [1], who found that populations of 
whiteflies mainly change with environmental conditions. 
No relationship was found between whiteflies abundance 
and severity of the CMD symptoms, nor between whitefly 
abundance and incidence of the disease. This result agrees 
with some previous studies [1], [50] where no clear 
association between whitefly abundance and CMD 
symptom severity was observed. 

The results of molecular screening for CMD resistance 
genes using CMD1, CMD2 and CMD3 genes linked 
markers (SSRY40, SSRY28, NS158, NS169, RME1, and 
NS198) agree with the data of field screening for 
resistance to CMD. The flanking markers of the three 
resistance genes to CMD were detected in all highly 
resistant varieties and the markers linked to CMD1 and 
CMD2 genes were detected in the resistant varieties. The 
similar results were reported by previous studies for the 
flanking markers CMD2 gene [34], [49], [51]. Although 
CMD3 confers very high levels of resistance to CMD with 
little or no expression of disease on the leaves [34], some 
CMD1 and CMD2-type plants become infected with 
CMGs and develop typical mosaic symptoms [52], [53] 
but this result depend on CMGs strains used as inoculum. 
According to Kuria et al. (2017) [53], plants of all 
genotypes (CMD1, CMD2 and CMD3) inoculated with 
EACMV developed more severe CMD symptoms, 
compared to those challenged with ACMV. Subsequently, 
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all plants of varieties carrying CMD1 and CMD3 
resistance had produced non-symptomatic new leaves. In 
contrast, CMD2-type varieties showed partial recovery 
and continued to display mild CMD symptoms [53]. In 
addition, some studies reported the presence of markers 
linked to CMD resistance genes in certain susceptible 
varieties [51], [53]. This could explain the detection of 
markers linked to resistance to CMD (CMD1 and CMD2) 
in the susceptible varieties used as source of inoculum in 
our study, or the fact that these varieties displayed a 
moderate symptom severity score of CMD. 

The genotypic coincidence, relative to the presence of 
markers linked to the CMD2 gene, was higher (0.85) for 
the NS158 × NS169 and NS158 × SSRY28 markers. This 
could be explained by the fact that the distance between 
the NS158 × SSRY28 and NS158 × NS169 markers is 
relatively small, i.e., 2 cM and 9 cM respectively [54], 
which certainly contributes to providing a lower 
recombination rate between these markers. In addition, the 
NS158 and NS169 markers are anchored in the same 
scaffold [26], which reinforces the physical connection 
between these markers in the M. esculenta genome. The 
RME1 × NS169 combination presented the lowest 
genotypic coincidence (0.46). The great genetic distance 
between the NS169 × RME1 markers (20 cM) tend to 
result in less genotypic coincidence due to the possibility 
of historical occurrence of crossing over between these 
markers. 

5. Conclusions 
In this study, ten cassava varieties from Burkina Faso 

were screened for CMD resistance. All the seven 
improved and one local cassava varieties screened against 
CMD were morphologically highly resistant and two local 
varieties were resistant. A subsequent molecular screening 
showed that the 8 highly resistant varieties possessed 
CMD1, CMD2 and CMD3 genes while the resistant 
varieties possessed CMD1 and CMD2 genes. The low 
number of whiteflies (vector of the disease) and the low 
pressure of viruses found during the study, comfort the 
idea that a better assessment of resistance to CMD of 
cassava varieties in Burkina Faso could be obtained by 
combining agro-inoculation and molecular screening. 
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