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INTRODUCTION

Cashew = 29 most important cash crop after cotton, accounting
for 7% of agricultural GDP and 3% of national GDP in Benin
(Tandjiékpon, 2010).

Importance:s nutritional and economic of the nut (kernel) and
apple (juice)

While the cashew sector is booming in Benin, the National

Production in raw nut remains low, 137,926 T in 2020
_(DSA/MAEDP, 2021).
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INTRODUCTION

Major reasons:

1. very low yield performances of cashew trees with an
average mean of 3-6 kg/tree compared to international
record of 10 to 15 kg/tree (Aliyu, 2004 ; Tandjiékpon, 2010
; N'Djolosse et al., 2019, 2020).

2. Use by farmers of seed planting material of low quality



INTRODUCTION

» National Agricultural Research Institute (INRAB) and Laboratory of
Genetic Resources and Molecular Breeding (LaREGAME, FAST/UAC) are
developing since 10 years a varietal improvement program of cashew in
Benin

The mains objectives of such programme:

» |Improve the biological knowledge on cashew genetic resources
(Scientific objective); and

5 Select high-performant plant material to improve cashew production
.~ (Development objective)
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INTRODUCTION

5. ldentification of genomic
regions controlling

agronomic performances in
cashew. Genomic selection

5 steps research plan

4. Quantification of molecular genetic diversity in cashew
collection using SSR makers; MAS selection

‘3. Evaluation of agronomic performances of the selected collection
High performances genotypes selected, multiplied by grafting and distributed to farmers
Best x best crossings: about 60 hybrids obtained and are in evaluation

‘ 2. Description of phenotypic diversity within the selected collection. 31 variables used. Heterotic
groups were made for further crossings

‘ 1. Participatory ldentification and Selection of elite cashew trees in farmers’ cashew plantations.
Of 1,868 cashew trees identified, 357 were selected on the basis of reported agronomic performances to be used as parents in
crossings.
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OBJECTIVES

The general objective of this study was to contribute to the
genetic improvement of cashew crop with a view to increasing its
agronomic performance in Benin.

Specifically, identify QTNs and candidate genes associated with
nut yield and yield-related traits in cashew through multi-locus
GWAS approach.



INVESTIGATION METHODS

d Plant Phenotyping: 208 trees sampled from the major agro-ecological zones
of production in Benin; 3 years data collection (2018, 2019 and 2020); 10 traits

evaluated by INRAB
) “’ﬁ:s*“ NIGER

BURKINA-FASO

Table 1: Fig.1: Agro-ecological zones investigated showing the
sampling sites of cashew trees in Benin Republic

Tree parameters: Nut and Kernel Apple parameters:
parameters:
NIGERIA

. =  Ireeage Nut weight (g) Apple length (cm)
Tree height (m) Kernel weight (g) Apple width (cm)
S Tree spread (m) Kernel percent (%) Apple weight (g)

Agro ecological Zone IV

Tree yield (kg nut/tree)

ATLANTIC OCEAN
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INVESTIGATION METHODS

using

(GBS)

ing

Genotyping by Sequenc

4 Plant Genotyping

(DArT-seq)

ing

ty Arrays Technology sequenc

IvVersi

D

(UAC, Benin)
SEQART AFRICA
(ILRI, Nairobi)

L
=
<
Q
L
x
@
—

NVIAVILILODINVINOVYYVYI
JTOVINVYVYOVVLILIOVL IV
WYV OVVVVOVIYVYL

1 1OODOVVWVOVYYVIOOL1LL

PVYOVOVOIVOLILOVVILIO
L LIVOVIOVIVOLOILLL
DAVVYVOVIVOVILIVOLO
VVYVOLILODLLINYVYVOLL

OVOOIDLDVVVLOVOOD
VOOOOIODVVOIOOVIVVILO
yoOlLLOODDD1OVILILIOL
OVILILILODINVOIVOVYYVIT
NVANVAL LD ANIN OVVVIANY
JTOVINYVYOVVLILIOVIIVL
VYV OWVVVVOVIVYVL

1 1IOODVVOVYYVILIOOL1L L

PYOVOVOIVOLILOVVILO
LLINVOVIOVIVOLOLLL
DAIVVVOVINVOVILIVOLO
VWV OLILODLILINYVVYVOLL

OVOODLDVYVILOVOOD
PV OOODODODOVVOOIVIVVILO
yroll1lO900019OVI1LI10L
LOVLILILDINVDINVOVYYVILL
NYIANVL LD AVIVOVYVYVYI
1OVIVYVOVVLILOVILIVL
VYV OVYVVYVOVILYVL

1 1ODOVVOVYVIOOL 11

PYOVOVOILVOLILOVVILIO
DL LINVOVIOVINVOILOLLL
DANVVVOVIVOVILIVO LD
VVVOLIODLLINYYVYOLL

OVOODILODOVVVILOVOOD
VOOOOIODVVOIOOVIVVLO

ol 1LO9000D10OVILIOL
OVLILILDINVODINVOVYYVILD
NVANVL LD ANAN OVVVL

1 OVINYVYOVVLILOVLING
VYV OWVVYVOVILYVI
11OV VOVYYVIOOLLL

PVOVOVOIVOLILOVVILIO
A LINVOVIOVIVOLOLLL
DAVVVOVIVOVILIVO LD
VNV OLILOLLINYVYVOLL

OVIOODLODOVYVVILOVO OO
PV OOOODODVVOOVIVVILO
ol loO9O0001OVILIOL
OVILILIDINODINVOVYYVILD

16" ACA Annual Cashew Conference | | Abuja 2022




INVESTIGATION METHODS

(J GWAS QTNs and Candidate Genes assessment:
o After filtration, 10,054 SNP markers were considered for the analysis.

o Multi locus mrMLM Package including 6 six different statistical models in R
(Kpoviessi et al. 2020)

o Candidate genes were detected using the reference genome of mango
(Anacardiaceae) https://mangobase.org/ftp/.
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MAJOR FINDINGS AND IMPLICATIONS

1. PHENOTYPIC & GENOTYPIC VARIATIONS IN CASHEW COLLECTION

Table 1. Phenotypic variation within the panel of 208 Beninese cashew trees for the 10

guantitative traits studied

Tree parameters:

Nut and Kernel parameters:

Apple parameters:

Apple length (cm) 2.9

Apple weight (g) 16.8 119 71.4 22.6 32
L
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5 | Apple width (cm) 11 6.4 3.6 0.8 @
[ |

o Reliable phenotypic and genotypic
data important for accurate GWAS
analysis (Kang et al. 2020).

o High level of phenotypic variation
were observed for most the studied
among the tested genotypes .

o Chabi-Sika et al. (2015), N'Djolosse
et al. (2019, 2020).

o This range of variation (210%) is
great, indicating the usefulness of
this collection in QTL detection
Cavalcanti et al. ( 2012)




MAJOR FINDINGS AND IMPLICATIONS

1. PHENOTYPIC & GENOTYPIC VARIATIONS IN CASHEW COLLECTION

o 10,054 SNPs were found informative after filtration
o 207 PCs generated
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Figure 2 : 2D & 3D Diagram illustrating the genotypic
istribution of cashew trees
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. Confirming Sika et al. 2015; Kouakou et al. 2020 Figure 3 : NJ Constellation-tree showing genetic structure

C within cashew collection 12
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MAJOR FINDINGS AND IMPLICATIONS

2. MAJOR QTNs DETECTED IN THE STUDY

v In total, 50 significant QTNs (LOD-score > 3,00) were detected;

v Two reasons explained this important number of QTNs obtained :

1. GWAS technique used vs. linkage mapping (Kang et al. 2020)

2. The multi-locus approach used in detecting QTNs (Segura et al.
2012; Cui et al. 2018).
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MAJOR FINDINGS AND IMPLICATIONS

3. CHROMOSOMIC DISTRIBUTION OF QTNs DETECTED

 The 50 significant QTNs obtained were distributed / B,
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MAJOR FINDINGS AND IMPLICATIONS

3. CHROMOSOMIC DISTRIBUTION OF QTNs DETECTED
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Figure 4 : Distribution of inferred QTNs using annotated mango (Mangifera indica) reference genome
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MAJOR FINDINGS AND IMPLICATIONS

3. CHROMOSOMIC DISTRIBUTION OF QTNs DETECTED
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Figure 4 : Distribution of inferred QTNs using annotated mango (Mangifera indica) reference genome
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MAJOR FINDINGS AND IMPLICATIONS
4. QTNs ASSOCIATED TO THE STUDIED TRAITS
Unequal distribution of QTNSs per trait:

Apple weight
12%

« 60% for Apple parameters: potentially
Important for improving cashew juice
productivity;

Apple width

« Kernel weight and shape were
associated to 16% of inferred QTNSs;
these could be useful in improving

kernel quality (standard and grade)

18%

Figure 5 : Distribution of inferred QTNSs for the 10 morpho-agronomic traits studied
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MAJOR FINDINGS AND IMPLICATIONS

4. QTNs ASSOCIATED TO THE STUDIED TRAITS

: Unequal distribution of QTNs per
Asple weigh trait:

12%

* 12% of QTNSs controlled the yield and
could be useful for cashew plant
el % productivity improvement

« 10% of QTNSs for tree parameters
(age, spread, height) important for

potential development of early

maturing and dwarf varieties

Figure 5 : Distribution of inferred QTNSs for the 10 morpho-agronomic traits studied
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MAJOR FINDINGS AND IMPLICATIONS

4. QTNs ASSOCIATED TO THE STUDIED TRAITS

« Among the 50 QTNSs detected, two
- / were revealed control simultaneously

many traits (pléiotropic QTNS):
100080619|F|0-13: T>C-13: T>C

possible common regulatory
position 6352637 bp Chr 15

mechanisms (Argyris et al. 2005,
Miesho et al., 2019; Fatokun, 2002)

Apple weight

: « Technically, the phenotypic variance
explained (%PVE) was over 10%

QTN

1840380|F|0-44: A>T-44: A>T

suggesting that these QTNSs are
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MAJOR FINDINGS AND IMPLICATIONS

4. QTNs ASSOCIATED TO THE STUDIED TRAITS

Comparison of QTNs with QTLs obtained from previous studies
based on linkage mapping (Cavalcanti et al. 2002, Mzena et al.
2017, 2018) is difficult.

However, the new QTNSs obtained in the present study can
complement the reported QTLSs of previous studies to facilitate
their use in cashew breeding.

Figure 5 : Distribution of inferred QTNs for the 10 morpho-agronomic traits studied
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MAJOR FINDINGS AND IMPLICATIONS

5. CANDIDATE GENES ASSOCIATED TO THE DETECTED QTNs

In total, 29 candidate genes were found associated to QTNSs, including

LOC123214752 Beta-amirin synthase-like

LOC123230204 Protein that alter seed germination

LOC123230187 Serine/threonine-protein kinase SRK2A-like

LOC123198411 Eucaryotic translation initiation factor 3 subunit E-like

LOC123215534 IAA Alanine resistance protein
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CONCLUDING REMARKS

v This study is the first using multi-locus GWAS in detecting QTL in cashew;
v' Atotal of 50 QTNs including 29 candidate genes were identified

v Important genomic knowledge was documented on cashew that can be used
In fundamental research, marker assisted selection, genomic prediction as
well functional genomic that can boost cashew breeding and improve its
productivity.

v' However, the candidate genes discovered in this study need to go through
further validation for their better exploitation in cashew breeding

v It is also important to extend this study to physicochemical aspects of kernel
to facilitate its nutritional quality improvement.
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