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Abstract: Genetic diversity is very important in crop improvement. This study was carried out to
assess the genetic diversity and the number of unique multilocus genotypes (MLGs) in cassava
collection in Burkina Faso. To achieve this objective 130 cassava accessions were genotyped using
32 simple sequence repeat (SSR) markers. The results revealed that among these markers, twelve
(12) were highly informative, with the PIC values greater than 0.50, twelve (12) were moderately
informative, with the PIC values ranged between 0.25 and 0.50, and eight (8) were not very
informative, with the PIC values lower than 0.25. A moderate level of genetic diversity was found
for the population, indicated by the average expected heterozygosity (0.45) and the observed
heterozygosity (0.48). About 83.8% of unique multilocus genotypes were found in the cassava
collection indicating that SSR markers seem to be most appropriate for MLGs identification.
Population structure analysis based on hierarchical clustering identified two subpopulations and
Bayesian approach suggested five clusters. Additionally, DAPC analysis separated the cassava
accessions into 13 subpopulations. The comparison of these results and the previous study using
SNP, suggest that each type of markers can be used to assessment the genetic structure of cassava
grown in Burkina Faso.

Keywords: cassava; genotypes; genetic diversity; SSRs markers; population structure; unique
multilocus genotypes

1. Introduction

Cassava (Manihot esculenta Crantz, Family: Euphorbiaceae) is an important root crop, widely
cultivated in Africa [1] for its tuberous roots rich in starch [2,3] and its leaves rich in protein, minerals,
vitamins and carotenoids [4]. It is an important food security crop, particularly to smallholder farmers
in Africa [5]. In 2021, the production of cassava in Africa was estimated of 203.57 million tons,
representing 64.67% of world’s production [6]. The crop is increasingly gaining in popularity due to
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its capacity to give better yields than most of the crops in the drought prone ecologies, in poor soils
[7] and its flexibility in planting and harvesting times [8].

Cassava is an allogamous species [9]. In traditional farming systems, the coexistence of different
cassava accessions in the same or neighboring fields is common. This coexistence leads, thanks to
cross-pollination, to an increase in genetic diversity in fields [10]. In addition, the presence of a high
diversity of accessions in the fields due to the exchange of planting materials between farmers is very
frequent [11]. As a result, depending on the collection localities, different accessions may have the
same name, while an accession could be given different names. This leads to the presence of
duplicates among accessions collected in different localities [12]. The ability to identify and remove
duplicates from a collected germplasm is very important for breeding activities. In addition, the
success in a breeding program depends on a good understanding of the genetic variability within the
existing population. Therefore, it is important to carry out studies to identify duplicated accessions
and assess the genetic diversity within accessions in order to provide breeding programs with unique
genotypes [1,13]. An assessment of cassava genetic diversity has been done using morphological
descriptors [14,15] and molecular markers [1,16-18]. However, morphological descriptors are known
to be affected by the interaction between genotype and environment. On the other hand, the
molecular markers are stable, easily detectable and not influenced by the environment [19,20].
Various molecular tools can be used to assess the genetic diversity of crops, including Random
Amplified Polymorphic DNA (RAPD) [21], Restriction Fragment Length Polymorphism (RFLP) [21],
Amplified Fragment Length Polymorphism (AFLP) [22], Simple Sequence Repeat (SSR) [1,19,23],
Single Nucleotide Polymorphism (SNP) [13,18,24-26], and Diversity Arrays Technology (DArT)
[27,28]. The locus specific markers such as SSR markers have found its preferential application in
genetic diversity and population structure assessment in many crops [1,29-31]. With the possibility
of whole genomes sequencing and of detecting single nucleotide polymorphism (SNP), SNPs are also
gained in importance in genetic diversity and population structure studies [9,13,18,24].

Genomic analysis and identification of potential duplicate accessions in cassava germplasm
based on SNP has been done in Burkina Faso. A high rate of potential duplicates (52.41%) and a
complex genetic structure of accessions was observed [32]. The polymorphisms of SSRs and SNPs are
generated via different mechanisms and the two types of marker can therefore provide different
views of the diversity of a given population [33]. A total of 132 accessions were selected from Burkina
Faso cassava germplasm and genotyped using SSR markers in order to estimate the genetic diversity
and the number of unique multilocus genotypes.

2. Materials and Methods

2.1. Plant Material

A total of 132 accessions (Table S1) were, randomly selected from Burkina Faso cassava
germplasm [32]. Among which 125 accessions were coming from seven major cassava growing
regions of Burkina Faso (Est, Centre-Ouest, Centre-Sud, Sud-Ouest, Cascades, Centre-Est and Hauts-
Bassins), while the seven (07) varieties originated from the International Institute of Tropical
Agriculture (IITA). In the rest of this document, varieties will be considered as accessions. A cutting
of 20 cm of each accession was grown in a pot as described in the previous study [32]. After one
month, the fully expanded leaves from each cassava accession were collected, placed into envelopes
and oven-dried at 37°C for 72 hours before molecular analysis.

2.2. DNA extraction

Total DNA of each sample was extracted from cassava leaves using the CTAB protocol as
previously described [34]. About 30 mg of the dried leaves from each accession was ground in 2 ml
Eppendorf tubes into fine powder using a TissueLyser II ball mill (Qiagen, France). Then 800 pl of
the extraction buffer (2% cetyltrimethylammonium bromide, 1.4 M of NaCl, 0.5 M of glucose, 20 mM
of ethylene diamine tetra-acetic acid, 100 mM of Tris-HCI, pH 8.0) were added. The powder and the
extraction buffer were shaken well in order to obtain a homogeneous mixture using a shaker (Vortex
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Genie® 2, Scientific Industries, USA). The sample was incubated in a water bath at 60°C with gentle
agitation for 60 min. The sample was removed from water bath and the equal volume (800 pl)
chloroform isoamyl alcohol (24:1) were added to the supernatant previously collected into 2 ml tubes.
The tube was inverted several times to ensure that a thorough mixture was obtained and then
centrifuged at 20000 g for 10 min at 4°C. After centrifugation, supernatant was transferred into a clean
1.5 ml tube and two thirds volume of ice-cold isopropanol (480 pl) were added whilst shaking gently
for nucleic acid precipitation. Precipitation was enhanced by storing the samples at -20 C for 30 min.
Pelleting of nucleic acids was done by centrifuging at 20000 g for 10 min. The isopropanol was
removed, and the pellet was washed with 500 pl of 70% ethanol. After washing, centrifugation was
done at 20000 g for 5 min. The ethanol was decanted, and the pellet was dried. The DNA was
suspended in 100 ul of molecular biology grade water. The quality and concentration of each DNA
sample was determined using a Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific). DNA
concentration was adjusted to 20 ng/pl.

2.3. SSR Markers Genotyping

2.3.1. SSR markers and Polymerase Chain Reaction (PCR)

A total of 37 simple sequence repeat (SSR) primers were used for the study (Table 1).

These markers were selected based on their polymorphic profil, reproducible allele patterns,
high polymorphic information content (PIC) and their wide distribution across the cassava genome
according to several authors [1,35-38]. Polymerase chain reactions were carried out at Laboratoire de
Virologie et de Biotechnologie Végétale (Burkina Faso) using a SimpliAmp thermal cycler (Life
Technologies Holdings Pte Ltd). The PCR mix was prepared in a final volume 10 pl [1.0 ul of buffer
(10X), 0.2 ul of ANTPs (10 mM), 0.2 pl of both forward and reverse primer (10 uM), 0.04 ul of 5 U/l
of Maximo Taq DNA polymerase (GeneON), 1.0 ul of genomic DNA template (20 ng/pl) all together
with 7.36 ul of molecular biology grade water]. PCR amplifications were done with the following
conditions: initial denaturation at 94 °C for 2 min, denaturing at 94 °C for 30 s, annealing X °C
(depending on primers, Table 1) for 1 min and extension at 72 °C for 1 min. The reaction was repeated
for 30 cycles and a final extension at 72 °C for 5 min was carried out. The reactions were then held at
4 °C until electrophoresis.

Table 1. Characteristics of simple sequence repeat (SSR) primers used for the study.

Markers Forward primer Reverse primer PS (pb) AT (°O)
SSRY4 éTAGAGCAGAAGTGCAGGC CTAACGCACACGACTACGGA 287 55
SSRY9 iié?TTCATCATGAGTCATC CCGTTATTGTTCCTGGTCCT 278 55
SSRY12 ééCTGTCAAACCATTCTACTTGCCAGCAAGGTTTGCTACAT 266 55
SSRY19 X?EiAGGCATTCCAAGAATT TCTCCTGTGAAAAGTGCATGA 214 55
SSRY20 CATTGGACTTCCTACAAATATTGATGGAAAGTGGTTATGTCCT 143 55
GAAT T
SSRY21 gCTGCCACAATATTGAAATG CAACAATTGGACTAAGCAGCA 192 55

SSRY34 TTCCAGACCTGTTCCACCAT ATTGCAGGGATTATTGCTCG 279 55
GGCTGTTCGTGATCCTTATTA GTAGTTGAGAAAACTTITGCATG 129

SSRY38 AC AG 55
SSRY51 AGGTTGGATGCTITGAAGGAA GGATGCAGGAGTGCTCAACT 298 55
SSRY59 CCAATCCAGTCAACCATCIT CGTTTGTCCTTTCTGATGTTC 158 55

T
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TCAGAATCATCTACCTTGGC

SSRY63 A AAGACAATCATTTTGTGCTCCA 290 55
SSRY64 i(;,? g AAGICCTATATCTACT GCAGAGGTGGCTAACGAGAC 194 55
SSRY69 gGATCTCAGTCGATACCCAA CACTCCGTTGCAGGCATTA 239 55
SSRY82 ig};GACAATTTTCAGATAGCT CACCATCGGCATTAAACTTTG 211 55

SSRY100 ATCCITGCCTGACATTITGC TTCGCAGAGTCCAATTGITG 210 55
SSRY102 TTGGCTGCTTTCACTAATGC TTGAACACGTITGAACAACCA 179 55
SSRY103 EGAGAAGGAAACTGCTTGCA CAGCAAGACCATCACCAGTIT 272 55
SSRY105 CAAACATCTGCACTTTITGGC TCGAGTGGCITCTGGTCTTC 225 55
SSRY106 GGAAACTGCITGCACAAAGA CAGCAAGACCATCACCAGTTIT 270 55
SSRY108 ACGCTATGATGTCCAAAGGC CATGCCACATAGTITCGTGCT 203 55
SSRY110 TTGAGTGGTGAATGCGAAAG AGTGCCACCTTGAAAGAGCA 247 55
SSRY127 GCTGAACTGCTTTGCCAACT CTTCGGCCTCTACAAAAGGA 130 45
SSRY132 CTTTTTGCCAGTCTTCCTGC TGTCCAATGTCITCCITTCCIT 196 55
SSRY135 CCAGAAACTGAAATGCATCG AACATGTGCGACAGTGATTG 253 45
SSRY147 GTACATCACCACCAACGGGC AGAGCGGTGGGGCGAAGAGC 113 55
SSRY148 GGCITCATCATGGAAAAACC CAATGCTITACGGAAGAGCC 114 55
AGTGGAAATAAGCCATGTGA

SSRY151 TG CCCATAATTGATGCCAGGTT 182 55

SSRY155 E(A;TTGATAAAGTGGAAAGAG ACTCCACTCCCGATGCTCGC 158 55

SSRY161 ?ngAACACCTCTCCTAGAA CCAGCTGTATGTTGAGTGAGC 220 55
TCAAACAAGAATTAGCAGAATGAGATTTCGTAATATTCATTTC

SSRY169 CTCG ACTT 187 45

SSRY171 éCAGCTCTAAAAACTGCAGC AACGTAGGCCCTAACTAACCC 100 55

SSRY177 ACTGTGCCAAAATAGCCAAATCATGAGTGTGGGATGTTTITAT 291 55
TAGT G

SSRY179 éCCACAAACATAGGCACGA CACCCAATTCACCAATTACCA 268 45

SSRY180 CAGGCTCAGGTGAAGTAAAGGCGAAAGTAAGTCTACAACTTT 296 55
G TCTAA

SSRY181 CCTTGGCAGAGATGAATTAG GGGGCATTCTACATGATCAATA 163 55
AG A

SSRY182 gGTAGATCTGGATCGAGGAG CAATCGAAACCGACGATACA 199 55

PS = Product size; AT = Annealing temperature.

2.3.2. Gel electrophoresis

Gel electrophoresis was carried out according to Kirkhouse Trust Horizontal PAGE Protocol
(https://www kirkhoustrust.org/files/ugd/b134c0_edb8b37b14b14bb2a2c19e73b6651786.pdf).  After
PCR, amplified DNA fragments were separated on 6% polyacrylamide gel [16.5 ml of acrylamide bis-
acrylamide (19:1), 1.1 ml of Tris-acetate-EDTA (TAE, 50X), 1.8 ml of ammonium persulfate (10%) and
91.7 ul of Tetramethyl ethylenediamine (TEMED) all together with 90.5 ml of distilled water].
Electrophoresis was carried out in 0.5X TAE running buffer at 200 V for 2 h using 4.5 ul of the
amplified PCR products. Then a 100 bp DNA ladder (Solis Biodyne) was used to estimate the
molecular weight of the amplified products. After electrophoresis, the gel was soaked in a 0.5 pig/ml
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ethidium bromide solution for 10 min. The PCR products were visualized and photographed using
a Compact Digimage System, UVDI series (MS major science).

2.3.3. Band Scoring

The SSR amplified bands were scored as diploid and codominant by visual inspection. When a
single band was observed at locus x for a given accession, the accession was identified at this locus
as homozygous. On the other hand, when two separate bands were scored at locus x for a given
accession, the accession was represented as heterozygous at this locus.

2.4. Analysis of Genetic Diversity

The minimum number of markers that should be used to properly assess the genetic diversity
of plant species depends on the type of marker and the genetic diversity within the species [39].
However, regardless the type of marker or the genetic diversity of the species, it is important to
identify the minimum number of markers for which the diversity within the population will not
change if additional markers are added [40]. To determine this minimum number of markers needed
to assess the genetic diversity of cassava accessions, a genotype accumulation curve was performed
using the function genotype_curve in the package poppr as implemented in R v. 4.0.2. Prior to
performing the genotype accumulation curve, SSR markers and cassava accessions with more than
6% missing data were removed from dataset [13]. The retained markers were subjected to genetic
diversity analyses. Polymorphic information content (PIC), major allele frequency (MaF), observed
heterozygosity (Ho), expected heterozygosity (He) and allele number per locus (AnL) were obtained
using PowerMarker v. 3.2.5 [41] while Wright's F-statistics were calculated using the package hierfstat
[42].

2.5. Analysis of Genetic Structure

A principal coordinate analysis (PCoA) was performed in order to reveal the genetic
relationships among the cassava accessions. This analysis was done using the package cmdscale [43].
The graphs were generated using the function ggplot in the package ggplot2 [44]. All packages are
implemented in R v. 4.0.2.

The function hclust in the package stats was used to build a Ward’s minimum variance
hierarchical clustering dendrogram. The optimal number of clusters was evaluated using the function
best.cutree in the package [Lutils [45] under the assumption that the number of clusters was between
1 and 20. The duplicates accessions were identified on the base of genetic distances between two
representatives of the same accession. A threshold of 0.05 was defined as the minimum distance for
considering that two genotypes were different. The duplicate accessions were also identified based
on the detection of unique multilocus genotypes (MLGs) using the function mlg.id in the package
poppr. The same threshold was used.

The population structure of cassava accessions was analyzed using the Bayesian approach. The
clustering algorithm based on the ADMIXTURE model, implemented in STRUCTURE v. 2.3.4 [46]
was used. The most likely number of clusters (k) was deduced using 15 independent iterations for
each value of k (ranging from 1 to 20), with 50,000 run-in steps followed by 500,000 Markov Chain
Monte Carlo (MCMC) simulations. The best value of k (Ak) was determined according to the method
described by Evanno et al [47] using STRUCTURE HARVESTER [48]. The probability matrix Q from
the analysis was used to assign accessions to their groups. Accessions with a membership probability
(Q) 280% were assigned to a cluster, while those with a membership probability below 80% were
considered as a mixture (ADMIXTURE).

The package adegenet [49] implemented in R v. 4.0.2. was used to perform the discriminant
analysis of principal components (DAPC). The best number of clusters was assessed using the
function find.clusters implemented in the package adegenet. The lowest BIC value is assigned to
represent the most probable number of clusters. DAPC was performed as describe previously [32].

doi:10.20944/preprints202312.0606.v1
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Analysis of molecular variance (AMOVA) was performed using the function poppr.amova in the
package poppr. The principal components were decomposed into different hierarchical levels:
breeding patterns, geographical origin, the theoretical clusters obtained by Bayesian approach and
by DAPC.

3. Results

3.1. Genetic Diversity Parameters

All the SSR markers were amplified with less than 6% of missing data except for the marker
SSRY127. The markers SSRY132, SSRY171 and SSRY181 generated one allele/locus. The 4 markers
and two accessions, with more than 6% of missing data, were removed from the initial dataset,
leaving a final dataset consisting of 32 SSR markers and 130 accessions. The genotype accumulation
curves obtained, using this dataset, showed that the data reach a small plateau and have a greatly
decreased variance with 31 SSR markers, indicating that there are enough markers for the accession’s
discrimination. This curve revealed the presence of 109 (83.8%) unique multilocus genotypes (Figure
1).

The diversity parameters estimated are reported in Table 2. The 32 SSR markers generated a
total of 105 alleles ranging from 2 to 6 per locus, with an average of 3.3. The SSRY20 recorded the
highest number of 6 alleles per locus. The PIC values ranged from 0.03 to 0.69 with an average of 0.40.
Among the 32 SSR markers, 12 were highly informative, with the PIC values greater than 0.5, 12 were
moderately informative, with the PIC values between 0.25 and 0.50, and 8 were not very informative,
with the PIC values lower than 0.25. The MaF values were from 0.62 to 0.98 with an average of 0.65.
The markers SSRY38, SSRY110, SSRY161 and SSRY169 had more than 0.95 as MaF values indicating
their low polymorphism. The He, Ho, Fir, Fisand Fsr values estimated for accessions averaged 0.45,
0.48, -0.07, -0.10 and 0.03 respectively (Table 2).
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Figure 1. Genotype accumulation curve obtained using 32 SSR markers.
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Table 2. Common genetic parameters and F-statistics for each SSR locus.

Markers MaF AnL He Ho Fir Fis Fst PIC
SSRY4 0.35 5 0.74 0.65 0.05 0.03 0.02 0.69
SSRY9 0.67 4 0.51 0.53 -0.01 -0.05 0.04 0.48

SSRY12 0.51 3 0.58 0.98 -0.70 -0.74 0.02 0.49

SSRY19 0.58 4 0.58 0.75 -0.24 -0.31 0.05 0.51

SSRY20 0.50 6 0.68 0.77 -0.16 -0.20 0.04 0.65

SSRY21 0.72 4 0.43 0.54 -0.25 -0.28 0.02 0.39

SSRY34 0.94 2 0.12 0.11 0.20 0.19 0.01 0.11

SSRY38 0.98 3 0.03 0.03 -0.02 -0.08 0.06 0.03

SSRY51 0.38 3 0.66 0.90 -0.35 -0.35 0.00 0.59

SSRY59 0.46 4 0.62 0.98 -0.57 -0.58 0.01 0.54

SSRY63 0.60 3 0.55 0.81 -0.46 -0.50 0.02 0.48

SSRY64 0.70 2 0.42 0.25 0.39 0.33 0.09 0.33

SSRY69 0.50 5 0.68 0.62 0.13 0.12 0.01 0.64

SSRY82 0.40 4 0.68 0.78 -0.12 -0.15 0.03 0.62

SSRY100 0.36 5 0.69 0.63 0.02 0.02 0.00 0.63

SSRY102 0.78 2 0.35 0.45 -0.26 -0.26 0.00 0.29

SSRY103 0.58 3 0.57 0.60 -0.03 -0.05 0.01 0.51

SSRY105 0.93 3 0.14 0.13 0.18 0.16 0.03 0.13

SSRY106 0.72 3 043 047 -0.11 -0.15 0.04 0.37

SSRY108 0.76 4 0.39 0.48 -0.23 -0.22 -0.01 0.36

SSRY110 0.97 2 0.06 0.06 -0.02 -0.02 0.00 0.06

SSRY135 0.69 3 0.47 0.40 0.09 0.04 0.05 0.43

SSRY147 0.61 2 0.48 0.66 -0.36 -0.37 0.01 0.36

SSRY148 0.95 2 0.09 0.09 -0.05 -0.09 0.03 0.08

SSRY151 0.32 5 0.73 0.87 -0.17 -0.16 -0.01 0.68

SSRY155 0.58 2 0.49 0.26 0.47 0.45 0.02 0.37

SSRY161 0.97 2 0.06 0.06 -0.03 -0.04 0.01 0.06

SSRY169 0.96 2 0.08 0.08 -0.04 -0.06 0.02 0.08

SSRY177 047 4 0.67 0.46 0.28 0.27 0.00 0.61

SSRY179 0.63 3 0.52 0.21 047 0.43 0.06 0.44

SSRY180 0.84 2 0.27 0.28 -0.13 -0.17 0.03 0.23

SSRY182 0.45 4 0.65 0.53 0.17 0.12 0.06 0.58
Mean 0.65 3.3 0.45 0.48 -0.07 -0.10 0.03 0.40

MaF = major allele frequency; AnL = allele number per locus; He = expected heterozygosity; Ho =

observed heterozygosity; Fir = inbreeding coefficient of an individual into the whole population; s =

within-population inbreeding coefficient; rst = coefficient of differentiation and PIC = polymorphic

information content.

3.2. Population Structure and Genetic Relationships

3.2.1. Principal Coordinates Analysis (PCoA)

The principal coordinates analysis of accessions generated the graphical representations of the
relationship between the accessions (Figure 2). The graphical representations was made using the
first two principal coordinates (Cord.1 and Cord.2). These two coordinates accounted for 45% of the
total variation. The PCoA results showed a lack of clustering of accessions according to their

geographical origin.
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Figure 2. Graphical representation of principal coordinates analysis (PCoA). Accessions are colored
according to geographical origin.

3.2.2. Hierarchical Clustering Analysis and Identification of Duplicate Accessions

Optimal clusters number assessment and the hierarchical clustering dendrogram showed that
the 130 cassava accessions could be grouped into two clusters (Figure 3a). This hierarchical clustering
revealed the presence of 21 (16.2%) duplicated accessions. The duplicates belonged to 14 unique
multilocus genotypes (Figure 3b). These results were confirmed by the results of duplicates
identification performed using the function mlg.id in the package poppr.
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Figure 3. Hierarchical clustering using 32 SSR markers. (a) The black dot indicates the best number of
clusters. (b) Hierarchical clustering of the 130 cassava accessions. The colored bars represent the 14
duplicate MLGs (unique multilocus genotypes) identified.

3.2.3. Bayesian analysis

Population structure analysis based on the Bayesian approach, showed that the optimal number
of clusters (k) that would best explain the structure of the accessions is 5 (Figure 4a). Using a
membership probability threshold of 80%, 115 accessions (88.46%) were successfully assigned to the
five clusters (Figure 4b). A total of 23, 26, 28, 20 and 18 accessions were successfully assigned to
cluster 1 (Q =95%), cluster 2 (Q = 97.8%), cluster 3 (Q = 97.4%), cluster 4 (Q = 94%) and cluster 5 (Q =
98%) respectively. A total of 15 accessions (11.54%) with membership probabilities less than 80% were
admixtures (Table S1).
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(a)
Deftak = mean(IL"(K)) / sd(L(KY)

Figure 4. Population structure of cassava accessions according to Bayesian approach. (a) Plot of delta
K against the number of K groups. (b) The colors represent the five groups based on membership
probability >80%.

3.2.4. Discriminant Analysis of Principal Components (DAPC)

SSR data were used for DAPC. Primarily, this analysis was performed using the regions as
predefined groups. The first 25 principal components (PCs) and 8 discriminant functions were used
for the DAPC. The first two discriminant functions explaining 35.7 and 32.9% of the total genetic
variation, respectively, were used for the graphical representation of the DAPC results (Figure 5).
Accessions were assigned to the 8 regions with an average assignment probability of 65.4%. The
average assignment probabilities of accessions to each region were 33.33% (Est), 58.33 % (Centre-
Ouest), 80% (Centre-Sud), 83.33% (Sud-Ouest), 58.62% (Cascades), 68% (Centre-Est), 71.87% (Hauts-
Bassins), and 71.43 % (Centre).

e Centre-Ouest
Hauts-Bassins
Centre-Est
Est

Cascades
Sud-Ouest
Centre-Sud

e Centre

PCA eigenvalues DA eigenvalues

Figure 5. Discriminant analysis of principal components (DAPC) using the regions as predefined

g Centre-Sud

groups.

The discriminant analysis of principal components of the 130 accessions was also performed
without predefined groups. The lowest value of BIC was obtained for 13 clusters (Figure 6a). The first
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ten principal components (PCs) and ten discriminant functions were retained for the DAPC. The first
two discriminant functions, which explained, respectively, 52.1 and 16.2% of the total genetic
variation, were used for the graphical representation of the DAPC results (Figure 6b). The accessions
were assigned to the 13 clusters with an individual Membership probability of 100% except for the
BFM110 which was assigned to cluster 5 with a probability of 89% (Figure 6c).
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Figure 6. Discriminant analysis of principal components (DAPC). (a) Best number of clusters. (b)
Graphical representation of the DAPC results. (c) Membership probability of cassava accessions.

3.2.4. Analysis of Molecular Variance (AMOVA)

Analysis of molecular variance of cassava accessions based on geographical origin (regions) and
breeding patterns showed that the most significant differences were within individuals (Table 3).
The molecular variance within individuals based on geographical origin (regions) and breeding
patterns were 93.69% and 96.67% of total molecular variance respectively. The AMOVA based on
DAPC clusters showed that the most significant molecular variance was between groups with 70.09%
(Table 3). The AMOVA, based clusters of Bayesian analysis, revealed that the molecular variance was
slightly higher within individuals (53.27%) compared to the variance between clusters (46.73%). The
mean indexes of genetic differentiation of the accessions were assessed according to geographical
origin, breeding patterns, DAPC clusters and Bayesian approach clusters. These results were
recorded in Table 4.
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Table 3. AMOVA of the 130 accessions performed considering geographical origin, breeding patterns,
theoretical clusters obtained by Bayesian approach and by DAPC.
Geographical origin Breeding patterns
Source of variation df Mean Sq °/? o.f Source of variation df MeanSq °/:) o.f
variation variation
Between clusters 7 13.04 6.31 Between groups 1 14.83 3.33
Within individuals 122 6.40 93.69 Within individuals 128 6.70 96.67
Total 129 6.76 100.00 Total 129 6.78 100.00
DAPC Bayesian approach
Source of variation Df Mean Sq O/f’ o.f Source of variation df Mean Sq 0/? of
variation variation
Between groups 12 51.55 70.09 Between groups 4 94.06 46.73
Within individuals 117 2.17 29.91 Within individuals 125 3.97 53.27
Total 129 6.76 100.00 Total 129 6.76 100.00

Table 4. Fsr of the 130 accessions according to geographical origin, breeding patterns, DAPC clusters
and Bayesian clusters.

SNP markers
Type of clustering Fst
Geographical origin 0.025
Breeding patterns 0.008
DAPC clusters 0.307
Bayesian clusters 0.192

4. Discussion

Understanding genetic diversity of species is the basis of the success of any breeding program
and to develop strategies for germplasm management, conservation, and improvement [28].
Assessment of genetic variability of a given population in order to provide breeding programs with
interesting parental lines is a very important pre-breeding operation and must take into account the
morphological and molecular variabilities in an existing population. Genetic diversity studies using
morphological traits alone are limiting because of the interaction between environment and genotype
effects [50]. These limitations may not allow the accurate detection of duplicates. According to
Collard et al. (2005) the use of molecular markers can permit the detection of genetic differences
among closely related genotypes. In addition, assessment of the agro-morphological diversity of
cassava requires a great deal of space, depending on the number of accessions, and is spread over
several months (9 to 12 months) [15,28]. It is therefore advisable to assess molecular diversity within
the germplasm and to identify the unique multilocus genotypes first, before assessing agro-
morphological diversity.

Molecular markers need to be chosen appropriately to be ubiquitous, reasonably polymorphic,
reproducible, and easily detectable [39] like SNPs and SSRs. In practice, there is no perfect molecular
marker method that satisfies all expectations and does not present any challenge with its application.
The choice of which marker technique to apply depends strongly of some factors such as the set
objective, the level of the genetic variability of the population, the sample size, the accessibility of
primers, the availability of the technical know-how and appropriate facilities, time, and financial
considerations [52,53]. In addition, the number of alleles depends on the type of marker. For example,
SNP markers have a fixed number of alleles while SSR markers can have many alleles per locus [1].
Whatever the type of marker used, it is important to determine the minimum number of markers that
can efficiently discriminate the maximal number of accessions [40].

Genomic analysis of cassava accessions and identification of potential duplicate accessions based
on SNPs done in Burkina Faso revealed a high rate (52.41% ) of potential duplicates [32]. This high
rate allowed us to genotype the accessions using SSR markers in order to estimate the genetic
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diversity and the number of unique multilocus genotypes (MLGs) in Burkina Faso cassava
germplasm. The 132 accessions were randomly selected from the germplasm coming from major
cassava growing regions and genotyped using 32 SSR markers. The genotype accumulation curve
showed that the 32 SSR markers were sufficient for the discrimination of the 130 accessions.
Moreover, it revealed the presence of 83.8% of unique multilocus genotypes (MLGs) among the
population. This rate was higher than the rate of MLGs (47.6%) found in previous studies [32] despite
the less number of accessions used in this study. These results indicate that the 32 SSR markers have
a greater capacity to estimate the number of MLGs than the 34 SNP markers used in the previous
study.

The results of the analysis of genetic diversity parameters of the 130 accessions showed that the
32 SSR markers were polymorphic with 0.40 as mean value of PIC. This value was higher than that
reported by Moyib et al [54] but lower than those reported by other authors [1,19,55,56]. These
differences could be explained by the specificity of each cassava germplasm studied and the SSR
markers used. Furthermore, the mean PIC value observed in this study was higher than those
observed previously in Burkina Faso using SNP markers. This difference could be explained by the
bi-allelic nature of SNP markers unlike SSR which are multi-allelic [18]. Indeed, the number of alleles
per loci in this study ranged from 2 to 6. The average Ho in this study was higher than He, suggesting
a heterozygote excess within the 130 cassava accessions. This excess of heterozygote was confirmed
by negative values of the Fis and Fir. In addition, an excess of heterozygosity in cassava populations
has been reported in several studies [1,19,55,56].

Molecular profiling of accessions revealed a low rate of duplicates (16.2%) in this study
compared to the previous study in which 52.41% of duplicates was found [32]. This could be
explained by the few SNP markers used in the previous study (34 SNP markers). Indeed, given the
multi-allelic nature of the SSR markers and the bi-allelic nature of the SNP markers, more SNP
markers may be needed when compared with SSR markers to achieve the same degree of resolution
[39,40]. PCoA was not able to differentiate cassava accessions according to the origin. In addition,
DAPC performed using the regions as predefined groups did not reveal a clear differentiation of
accessions according to the origin. This absence of differentiation was confirmed by the low values
of the genetic differentiation index (Fst) which was 0.025. Furthermore, the AMOVA results indicated
that 93.69% of molecular variation were found within individuals with only 6.31% between regions.
This could be due to the fact that some accessions are grown in several regions in Burkina Faso [32].
The analysis also revealed a weak differentiation of the accessions according to breeding patterns
with a low value of Fsr (0.008). This absence of differentiation is probably due to the fact that most of
the improved varieties are grown in cassava fields [32]. The dendrograms obtained by the
hierarchical clustering showed that the 130 cassava accessions can be grouped into two large clusters.
As mentioned in the previous study [32], this truncation may not reflect the real structure of the
population, given that the truncation was done at the top of the dendrogram. The number of clusters
obtained using Bayesian approach (5 clusters) in this study was higher than that obtained in previous
study (2 clusters). That could be due to the fact in the number of duplicates accessions was low in this
study. Several studies argued that the low rate of duplicate accessions could improves the accuracy
of the Bayesian approach [32,57]. The DAPC performed on the 130 cassava accessions divided the
accessions into 13 clusters with an individual assignment probability (100%). The difference between
the results of the Bayesian approach and the DAPC could be due to the multivariate approach used
by the DAPC and the fact that Bayesian approach is based on the Hardy-Weinberg equilibrium
(HWE) model. However, for vegetatively propagated species such as cassava, this equilibrium is not
often respected [9,57,58]. It was found that nearly 70% of molecular variance was between the clusters
formed by DAPC, compared to only 30% within the accessions. In contrast, the molecular variance
between clusters formed by Bayesian approach represented 47% compared to 53% within the
accessions. As a result, DAPC could be more suitable as it uses an approach that can assess genetic
structures in the absence of any assumptions about the genetic model of the population [32,42]. DAPC
performed in this study suggested a number of clusters (13 clusters) less than that suggested by Soro
et al (17 clusters) [32]. This could be due to the number of accessions used in this study (130 accessions)
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less than that used by Soro et al (166 accessions). The analyses carried out on 104 accessions
genotyped using SSR and SNP markers revealed the same number of clusters (10 clusters) with a
higher individual assignment probability (100%) of accessions into clusters for the two types of
markers (Figure S1 and Figure S2). For both marker systems (SNP and SSR), the same number of
clusters were observed by several authors by using different genetic structure assessment methods
[59,60]. These results could be very useful for laboratories with limited resources. SSR markers are
available for several crops and the SSR genotyping technique can be implemented in any molecular
biology laboratory.

5. Conclusions

In the present study, we explored the genetic diversity and relationships within and between
cassava accessions collected in cassava-growing regions of Burkina using SSR markers. The analysis
of genetic diversity parameters indicated significant genetic diversity in the cassava accessions. The
population structure suggested by DAPC was more efficient than that suggested by Bayesian
approach. However, the analyses revealed that SSR markers seem to be the most appropriate for
MLGs identification. In addition to the assessment of genetic diversity, we plan to assess the agro-
morphological diversity and diseases resistance status of MLGs in order to establish a national
cassava germplasm bank, which would be very useful for breeding programs.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: Classification of the 130 cassava accessions into groups based on
geographical origin, Breeding patterns, DAPC analysis and Bayesian approach using 32 SSR markers. Figure S1:
Discriminant analysis of principal components (DAPC) of 104 cassava accessions obtained from the analysis of
34 SNP markers. (a) Optimal number of clusters. (b) Graphical representation of the DAPC results. Clusters are
represented by colors according to the legend. (C) Membership probability of cassava accessions. Each accession
is represented by a vertical line and the colors correspond to the probability of assignment in each of the 10
groups. Figure S2: Discriminant analysis of principal components (DAPC) of 104 cassava accessions obtained
from the analysis of 32 SSR markers. (a) Optimal number of clusters. (b) Graphical representation of the DAPC
results. Clusters are represented by colors according to the legend. (C) Membership probability of cassava
accessions. Each accession is represented by a vertical line and the colors correspond to the probability of
assignment in each of the 10 groups.
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