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Brown blotch disease caused by Colletotrichum capsici, is one of the most important disease affecting
cowpea production in Burkna Faso. Every year the disease can cause yield losses as high as 42 to
100% on farmer’s fileds. This study aimed to understand the inheritance of its resistance in cowpea and
also identify quantitative trait loci (QTL) associated with the resistance. Seedlings of parents and Fy, F,
and BC;F; progenies from crosses involving four susceptible and four resistant parents were screened
in greenhouse conditions for brown blotch disease reaction. The inheritance studies indicated that
different genes action were involved in the resistance of brown blotch resistance disease. In KN-1
variety, two or several genes associated to brown blotch were suggested. In Donsin local, a partially
dominant gene, Rccl, would be associated with the resistance. In Moussa local, a single major
dominant gene, Rcc2, was identified. A single major recessive gene, rcc2, was found to control
resistance with brown blotch in the cowpea resistant variety 1T93K-503/46-13. The research of gene or
QTL associated with brown blotch in cowpea variety KN-1 has been investigated. Polymorphic single
nucleotide polymorphisms (SNP) markers and QTL associated to brown blotch resistance were
discovered from 63 F, individuals from a cross involving the susceptible variety Tiligre and the resistant
KN-1. More than 11800 polymorphic SNP markers covered 1019.3 cM of the whole genome of cowpea
were identified. A single dominant QTL, nomed gBBDR2 and 102 individual SNP markers tightly
associated with the resistance of C. capsici were identified on chromosome 2 (Phytozome) of the
cowpea genome.

Key word: Cowpea, Colletotrichum capsici, resistance, inheritance, single nucleotide polymorphisms (SNP)
marker. OTL.

INTRODUCTION

Brown blotch disease caused by Colletotrichum capsici blotch disease, combined with appropriate agricultural
continues to cause enormous damage by seriously practices, is a very effective and sustainable strategy to
compromising development policies in terms of food control the disease (Adebitan et al., 1992; Enyiukwu et
security. However, the use of resistant varieties to brown al., 2014; Obi and Barriuso-vargas, 2014). Several
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varieties of cowpea, local and improved, have been
identified as resistant and constitute real resources of
exploitable genes. Some of these varieties have been
investigated for resistance genes, including Striga
gesnerioides (Ouédraogo et al.,, 2001; Boukar et al.,
2004; Tignegre, 2010), Aphids (Boateng, 2015),
Macrophomina phaseolina (Muchero et al., 2011; Pottorff,
2014), Fusarium oxysporum (Pottorff, 2014), and CABMV
(Barro, 2016). However, information on C. capsici
resistance genes is limited. This is because of the
economic importance of brown blotch, the research of
new sources of resistance is indispensable for identifying
genes associated with the resistance. The breeding
program will be considered a success when it takes into
account the variability of the pathogen’s virulence.
Indeed, the research conducted by Sérémé (1999) has
highlighted the existence of different pathotypes of C.
capsici. This high pathogenic variability of the C. capsici
strains, makes selection much complex, a real challenge
for cowpea breeders. The inheritance study of cowpea
resistance to brown blotch has been undertaken.
Abadassi et al. (1987) have identified a single recessive
gene designed rcc controlling resistance to brown blotch
in the resistant variety IT82E-16. Recently, Adetumbi et
al. (2016) revealed a polygenic action of genes with
guantitative effect to brown blotch in the resistant variety
IT-95K-193-12. Similar studies conducted by Redden
(1983) in cowpea seeds resistance to bruches
(Callosobruchus maculatus) revealed a contribution of
moderately resistant lines to susceptibility rather than
resistance. Sérémé (1999) suggested a probable
existence of quantitative effect genes involved in
resistance to brown blotch in several genotypes.
Recently, Thio et al. (2017) identified new sources of
resistance in different cowpea genotypes. Among them,
the cowpea genotype KN-1 showed stable resistance to
the three isolates of C. capsici. Three of the genotypes,
Moussa local, Donsin local and IT93K-503/46-13 showed
interesting levels of resistance to C. capsici isolates and
could be used in crosses with cowpea susceptible elite
varieties.

In the present study, we described the nature of
inheritance of resistance and detected QTL associated
with brown blotch disease in cowpea.

MATERIALS AND METHODS

Plant

Crosses were made in greenhouse between four brown blotch
susceptible cowpea varieties parents and four resistant cowpea

varieties. The susceptible cowpea varieties group consists of the
parents Tiligre (KVx775-33-2G), KVx61-1, KVx396-4-5-2D and

*Corresponding author. E-mail: gilthiolpr@gmail.com.

Bambey-21. These susceptible genotypes have interesting
agronomic performances and were used in the breeding program to
increase their resistance to different biotic stresses. The resistant
cowpea varieties include KN-1, resistant to all three isolates of C.
capsici. Moussa local and Donsin local are both resistant to isolates
C.cap-FA and C.cap-SA. The IT93K-503/46-13 variety, developed
by IITA, is resistant only to C.cap-PO isolate with a higher level of
resistance compared to the other three resistant varieties. Table 1
shows the differential reaction to the brown blotch disease for all
the varieties (Thio et al., 2017).

Fungal material

The fungal material consists of the three isolates C.cap-SA, C.cap-
FA and C.cap-PO of C. capsici identified as the most virulent in
previous studies (Thio et al., 2017).

Population development

The four susceptible parents were used as female in crosses with
the resistant parents to generate Fi, F, and BC;F; population. Four
to five seeds from each parent were planted in greenhouse in 10-L
pots containing an unsterilized mixture of soil and sand to produce
F1 plants. The F; plants were advanced on one hand for selfing to
produce F, seeds (Figure 1), on the other hand, used as females
with each of the two parents to produce BC; backcross populations,
BC:S and BCiR. Table 2 shows the different crosses made in this
study.

Preparation of pots and seedlings

The different crosses along with their parents were evaluated in
greenhouse condition from Mars 2016 to the end of May 2016. A
mixture of soil, sand and organic fertilizer was autoclaved at 121°C
for 30 mn and used to fill up 75% of the 2.5 L size pots. Seeds of
the different populations and their parents were surface sterilized in
1% sodium hypochlorite for 5 min. Two seeds were sown in each
pot.

Inoculation

The test materials (parents, Fi;, F,, BC;P; and BC;P;) were
evaluated in greenhouse condition for their reaction to brown blotch
disease. The spore suspension from fresh fungi culture of 7 days
was prepared and adjusted to a concentration of 10° spores/ml. The
C. capsici suspension was applied by spraying over the entire
surface of each population and their parents. Inoculated plants
were kept under polyethylene plastic to maintain moisture overnight
in order to allow better contamination (Figure 2).

Disease evaluation

Symptoms of brown blotch were scored at the 7th, 14th, 21st, 35th
and 56th days after inoculation (DAI). The rating scale used ranges
from 1 to 5 with score 1 = no symptoms, 2 = presence of small
brown spots on the stem, 3 = coalescent spots on the stem, 4 =
coalescent spots with presence of acervules on the stem, but not
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Table 1. Differential reaction of the 8 cowpea varieties to C. capsici isolates.
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Cowpea variety

Isolates of C. capsici

C.cap-PO C.cap-FA C.cap-SA

KN-1 R HR R
Moussa local MR/MS R R
Donsin local MR/MS HR R
IT93K-503/46-13 SL S MR/MS
KVx61-1 MR/MS S R
KVx396-4-5-2D R S HS
KVx775-33-2G (Tiligre) S S S
Bambey-21 S S S

HR = High Resistant; R = Resistant; S = Susceptible; HS = High Susceptible; SL = Symptomless;
MR/MS = Moderately Resistant/ Moderately Susceptible. Source: Thio et al. (2017)

Table 2. Cowpea varieties, C. capsici isolates, number of seeds, Fi, F», backcross population from the different crosses.

Crosses Number of plants Isolates Crosses Number of plants Isolates
KVx775-33-2G (S) 7 C.cap-SA KV396-x4-5-2D (S) 9 C.cap-SA
KN-1 (R) 11 C.cap-SA Donsin local (R) 14 C.cap-SA
F1 13 C.cap-SA F1 10 C.cap-SA
BC,P; 8 C.cap-SA BC.P; 21 C.cap-SA
BC1P2 6 C.cap-SA BCiP2 15 C.cap-SA
F2 96 C.cap-SA F2 233 C.cap-SA
KVx-61-1 (S) 4 C.cap-FA Bambey-21 (S) 4 C.cap-PO
Moussa local (R) 4 C.cap-FA IT93K-503/46-13 (R) 4 C.cap-PO
Fi 11 C.cap-FA Fi 5 C.cap-PO
BC.P, 16 C.cap-FA BC.P; - -

BC:P, 12 C.cap-FA BC1P> 29 C.cap-PO
F 214 C.cap-FA F2 196 C.cap-PO

Figure 1. F, seeds from the different crosses (Thio 2018).
1: F, population from cross Tiligre x KN-1; 2: KVx61-1 x

Moussa local;

Bambey-21 x IT93K-503/46-13.

3: KVx396-4-5-2D x Donsin local; 4:



126 J. Plant Breed. Crop Sci.

Figure 2. Experimental design for inoculations (Thio, 2018). a: inoculation by spraying; b: incubation under
polyethylene plastic.

dead plants, and 5 = wilted stems, dead plants.

The disease severity index (severity) was estimated for all
individuals screened genotypes. The disease severity index
calculated from Allen et al. (1981) was applied to the F;, BC; and F»
generations. For the evaluation of the different segregation reports,
a method adopted by Voorrip et al. (2004) was used. This method
uses both disease incidence and severity index as a criterion for
classifying individuals into resistant and susceptible phenotypes.
The severity index for segregated individuals was estimated by
considering the individual score assigned to each genotype. Thus,
individuals with scores 1 and 2 were considered resistant and those
with scores 3 to 5 were considered susceptible.

Statistical analysis of the data

The analysis of the segregation data was done using Chi-square
test. This test gives the calculated Chi-square values corresponding
to the different phenotypic segregation ratios: 1R: 1S, 3R: 1S, 15R:
1S and 1R: 3S. These different ratios are related to the type of
genes and the number of genes involved in the expression of
resistance or susceptibility. The value of the Chi-square (x%) was
calculated according to the formula:

. Z [(number of individuals observed — nomber of expected individuals)?]
- nomber of expected individuals

The null hypothesis (the segregation ratio follows Mendel’s law with
different proportions) is accepted (value of Chi-square is not
significant) at the threshold of 5% if x2 < 3.84 (ddl =1); P <0.05.

lllumina genotyping of F, population and their parents

Leaves from parental lines Tiligre and KN-1 (3 samples each) and
90 F, plants from cross between brown blotch-susceptible Tiligre
and the multi-race-resistant variety KN-1 previously used were
collected and dried at 35°C for 24 to 48 h. All the dried samples
were transferred to Timko Laboratory for genotyping.

Amounts of 25 mg dry matter from each leave sample were used
for genomic DNA extraction using a modified CTAB protocol (Ripoll
et al, 2011). DNA from each individual was quantified using
Nanodrop 2000/2000C and adjusted to the concentration of 50
ng/ul of DNA. The DNA samples were sent to the Center for Public
Health Genomic at UVA for SNP genotyping using lllumina
technology. Genotyping data were analyzed using GenomeStudio

software version 2.0 (lllumina 2016).

Linkage map construction and QTL detection

A population of 63, semi-randomly selected from F, individuals
were genotyped with 11815 iSelect Consortium SNPs markers
recovered all 11 cowpea chromosomes (Vigna unguiculata v1.0,
NSF, UCR, USAID, DOE-JGI, http://[phytozome.jgi.doe.gov/). Some
of the 90 F; individuals were excluded due to suspected derivation
from incompletely inbred parental lines. Data from all SNP markers
were used to construct linkage map using QTLIciMapping version
4.1 (Wang et al., 2011; Meng et al., 2015). The disease incidence
was used as phenotypic value of the F2 population for marker-
phenotype association analysis. Previously, the F, population
segregated into a 15 resistant: 1 susceptible ratio for both disease
severity and incidence, suggested a polygenes action in KN-1
resistance to C. capsici. QTL mapping was performed using the
ICIM add (Inclusive Composite Interval Mapping Additive) (Wang et
al., 2011; Meng et al., 2015). Linkage association was done using
logarithm of the odds (LOD). The value of the LOD score for which
a QTL is significant was set to 3 (LOD score threshold). A largely
positive LOD score (LOD score max > LOD score threshold P <
0.05) is synonymous with co-segregation between the marker and
the phenotype and, conversely, a low LOD score means no linkage.
The PVE values for which a QTL is declared major (PVE > 10) were
determined according to the threshold of Collard et al. (2005).

RESULTS

Distribution of brown blotch in populations from
crosses involving Tiligre and KN-1

The appearance of symptoms in the Tiligre variety used
as a susceptible parent was observed from the 7th day
after inoculation. From this date, the severity ratings of
the disease remained almost constant until the 35th DAI
where variations were observed. The assessments of the
incidence and the severity of the disease at the 35 and
56th DAI within the different populations are presented in
Table 3. The incidence of the disease in the susceptible
parent Tiligre was significantly high, at 71.43%, at both
35 and 56th DAL All the plants of resistant parent KN-1
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Table 3. Disease incidence and severity distribution at 35™ and 56" DAI in cowpea varieties parents Tiligre and KN-1

and their progenies (F1, BC; and F»).

p lati Total 35th DAI 56th DAI
opulation ota Incidence (%) Severity index (%) Incidence (%) Severity index (%)

Tiligre (PS) 7 71.43 42.9 100 50

KN-1 (PR) 11 0.00 0.00 0 0

F1 (PS x PR) 13 0.00 0.00 7.70 4.17

BC;S (F1 x PS) 8 50.00 28.12 62.5 48.62

BCiR (F1 x PR) 6 0.00 0.00 0 0

Fo 96 10.42 5.73 34.38 14.06

Table 4. Phenotypic segregation of disease resistance of brown blotch at 35" DAI in F,, BC,P; and BC;P, and Chi-

square values.

Expected ratio

Observed value

Population Total RS R S Chi-square Probability
Tiligré (S) 7 0:1 2 5 na na
KN-1 (R) 11 1:0 11 0 na na
F1 13 1:0 13 0 na na
BC:S 8 11 4 4 o™ 0.05
BCiR 6 1:0 6 0 na na

31 16.05 0.05
P % 15:1 89 ! 0.18" 0.05

ns: Not significant = corresponds to the chi-square values for which segregation follows the Mendelian law at the 5% threshold,

na: not applicable, S: sensitive parent, R: resistant parent.

were symptomless (0%) on both scoring dates.

The severity of the disease in the susceptible parent
Tiligre indicated 42.9 and 50%, respectively at the 35 and
56th DAI. All of the plants of resistant parent KN-1 were
symptomless. The F; hybrids of all the crosses involving
Tiligre and KN-1 were uniformly resistant at 35th DAI. At
the 56th DAI, the presence of symptoms in a single F;
hybrid was observed with an average of 4.17%. The
distribution of the disease in terms of severity in the F,
population gives 5.73 and 14.06% respectively at 35 and
56th DAI. They are significantly lower than those
obtained in the susceptible parent Tiligre.

Segregation pattern for resistance in brown blotch in
KN-1

The data on genetic segregation in different populations
derived from the crosses involving Tiligre and KN-1 at
35th DAI are shown in Table 4. The segregation pattern
in the F, population showed a good fit to 89R: 7S. The
segregation pattern in the BC;S and BC;R population
gives, respectively 4R: 4S and 6R: 0S at 35th DAI. These
data indicated that resistance to C. capsici isolate C.cap-
SA in the line KN-1 is controlled by two or several genes.
It is a case of polygeny action.

Inheritance of resistance in Moussa local

As previously seen, brown blotch symptoms were
observed on the susceptible variety KVx61-1 from the 7th
day after inoculation.

The disease infection estimated by incidence and
severity index varied throughout the experiment. All the
plants of the susceptible parent KVx61-1 were severely
affected by brown blotch, with 100 and 31.25%,
respectively for incidence and severity for both 35 and
56th DAI (Table 5). Thus, all the plants of the resistant
parent Moussa local were asymptomless (0% of
incidence and severity) during the experimentation.
Almost all the plants of F; hybrid were completely free of
brown blotch symptoms. Only one F; hybrid showed
symptoms of brown blotch with a score of 2 at the 56th
DAIL.The distribution of disease incidence in the F,
population was 30.84 and 43.92%, respectively at 35 and
56th DAI. The disease severity mean in the F, population
was 11.80% at 35th DAI., indicating the resistant status
of this population. At the 56th DAI, the severity means in
the F, population was around 19.16%, indicating the F,
population was moderately resistant.

Figure 3 shows symptoms of brown blotch in the F,
individual plant at 35 DAI.
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Table 5. Disease incidence and severity distribution at 35" and 56™ DAI in cowpea varieties
parents KVx61-1 and Moussa local and their progenies (F1, BC;, and F).

T f ol Total 35th DAI 56th DAI
ype of plants ota Incidence (%) Severity (%) Incidence (%) Severity (%)

KVx61-1 4 100 31.25 100 31.25
Moussa Local 4 0 0 0 0

F1 11 0 0 9.09 2.27
BCiS 16 75 20.31 75 35.94
BCiR 12 8.33 2.08 8.33 2.08

F 214 30.84 11.80 43.92 19.16

Symptoms of
brown blotch

Figure 3. Phenotyping assessment of population from cross KVx61-1 x Moussa local variety. a: F, population
inoculated with C.cap-FA, b: F, individual 258 (F, 211) with symptoms of brown blotch at the node and

internodes.

Table 6. Phenotypic segregation of brown spotting disease resistance at 56" DAI in F», BC;P; and BC1P; and Chi-square

values.
Population Total Expected ratio Observed value Chi-square Probability
R:S R S
KVx61-1 (S) 4 0:1 1 3 na na
Moussa Local (R) 4 1.0 4 0 na na
F1 11 1:0 11 0 na na
BC:S 16 1:1 14 2 9 0.05
BCiR 12 1:0 12 0 na na
Fa 214 31 163 51 0.15™ 0.05

ns: Not significant = corresponds to the Chi-square values for which segregation follows the Mendelian law at the 5% threshold,

na: not applicable, S: sensitive parent, R: resistant parent.

Segregation pattern for resistance in brown blotch in
Moussa local

The segregation pattern in the F, population showed a
good fit to 183R: 31S and 163R: 51S, respectively at the
35 and 56th. The backcross to the susceptible parent
BC;P; showed a good fit to 15R: 1S and 14R: 2S,
respectively at 35 and 56th DAI. The backross involving

resistant parent BC;P, was uniformly resistant as
indicated of ratio 12R: 0S, at both the 35 and 56th DAI.
The segregation pattern in the backcross population
BC;P; is not consistent with those expected. However,
the segregation in the F1 hybrids and F2 population for
resistance to brown blotch suggested that a major
dominant gene is responsible for the resistance in
Moussa local at the 56th DAI (Table 6).
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Table 7. Disease incidence and severity distribution at 35" and 56" DAI in cowpea varieties parents
KVx396-4-5-2D and Donsin local and their progenies (F,, BC; and F»).

T f ol Total 35th DAI 56th DAI
ype of plants ota Incidence (%) Severity (%) Incidence (%) Severity (%)

KVx396-4-5-2D 9 77.78 38.89 77.78 50
Donsin Local 14 21.43 7.14 21.43 8.93

F1 10 70 325 90 45
BC:S 21 14.28 5.95 38.09 15.48
BCiR 15 60 31.67 73.33 40

F, 233 30.47 15.77 44.21 24.78

Table 8. Phenotypic segregation of disease resistance of brown blotch at 35 and 56th DAl in F,, BC,P; and BC;P, and Chi-square

values.

Population Total EXpe;t.e%rat'o C;bserved value < Chi-square  Probability
35" DAI

KVx396-4-5-2D (S) 9 0:1 4 5 na na
Donsin Local (R) 14 1:0 13 1 na na
F1 10 1:0 5 5 na na
BC:S 21 11 17 4 8,05 0,05
BCiR 15 1:0 9 6 na na
F2 233 31 180 53 0,63ns 0,05
56" DAI

KVx396-4-5-2D (S) 9 0:1 3 6 na na
Donsin Local (R) 14 1:0 13 1 na na
F1 10 1:0 5 5 na na
BC:S 21 1:1 17 4 8.05 0.05
BCiR 15 1.0 9 6 na na
F? 233 31 168 65 1.04™ 0.05

ns: Not significant = corresponds to the Chi-square values for which segregation follows the Mendelian law at the 5% threshold, na: not

applicable, S: sensitive parent, R: resistant parent.

Inheritance of resistance in Donsin local

The responses of F;, F,, BC; population and their two
parents, inoculated with isolate C.cap-SA of C. Capsici is
shown in Table 6. As previously seen in the first two
tests, a progressive appearance of brown blotch
symptoms was observed from the 7th DAI, especially in
the susceptible parent KVx396-4-5-2D and the F,
population. The two parents, KVx396-4-5-2D and Donsin
local showed symptoms of brown blotch but the disease
severity in the susceptibe parent was very high with
38.89 and 50% respectively at 35 and 56th DAI.

However, the disease incidence and severity in the
resistant parent Donsin local was low compared to the
susceptible parent (Table 7). The distribution of the
disease incidence and severity in the F; hybrids indicated
a variation with a high proportion of susceptible individuals
for both dates. In the F, population, the disease incidence

and severity index ranged from 30.47 to 44.21%, from
15.77 to 4.78%, respectively at 35 and 56th DAI. The
segregation pattern in the backcross and F, populations
derived from the crosses are shown in Table 8. The
results from the segregation pattern in the F, population
give a good fit to 180R: 53S and 168R: 65S, respectively
at 35 and 56th DAI. These results suggest a single
dominat gene governing resistance in Donson local
variety. However, the F,; hybrids and the backcross
resistant parent BC;P, (BC;R) were not all resistant as
expected (Table 8). This does not conform to the case of
a total dominance.

Inheritance of resistance in IT93K-503/46-13

All the plants of the susceptible parent Bambey-21
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Symptoms of
brown blotch

Figure 4. Phenotyping of population from cross Bambey-21 x IT93K-503/46-13. a: F, population inoculated with C.cap-PO, b:
susceptible parent Bambey-21, c: BC;R individuals with symptoms of brown blotch on the stem, d: F; individuals with symptoms of

brown blotch at the node.

Table 9. Disease incidence and severity distribution at 35 and 56th DAI in cowpea varieties parents Bambey-21and IT93K-

503/46-13 and their progenies (F1, BC; and Fy).

Type of plants Total 35th DAI S6th DA

Incidence (%) Severity (%) Incidence (%) Severity (%)
Bambey-21 4 100 50 100 50
IT93K-503/46-13 4 25 6.25 25 6.25
F1 5 100 50 100 50
BC:R 30 56.67 22.5 80 35.83
Fa 196 33.67 12.75 46.94 19.64

showed symptoms of brown blotch disease (Figure 4).
Almost all the plants of the resistant parent were resistant
to brown blotch but one plant showed the symptoms of
the disease with a score of 2 (as resistant). All F; hybrids
tested showed symptoms of brown blotch with a score of
3. The distribution of the disease incidence and severity
in the F; hybrids is in the order of 100 and 50%
respectively, at the 35 and 56th DAI (Table 9). Symptoms
of brown blotch were widely observed in backcross
parent resistant and the F, population. The results of the
severity index in backross and F, populations give 56.67
and 80% and 12.75 and 19.64%, respectively at the 35
and 56th DAL The segregation patterns in the backross
and F, population are shown in Table 10. The backcross
to the resistant parent BC;P, (BCR) fitted very closely to
a 1R:1S ratio at both dates. The segregation pattern in
the F, population gives 163R: 33S and 154R: 42S,
respectively at the 35 and 56th DAI. This report does not
correspond to the expected ratio (1R: 3S). However, the
segregation patterns in the backcross BC;R and the
susceptibility of all F; hybrids indicated that resistance to
brown blotch in the 1T93K-503/46-13 Vvariety is
monogenic recessive.

Genetic mapping based on SNP markers

A total of 11,813 polymorphic and codominant SNPs

markers covering 1019.3 cM and averaged 92.66 cM
between markers, indicating good overall coverage of the
genome. Deviations related to Mendelian segregation
were tested by the Chi-square test. Out of the 11813
polymorphic SNPs markers, only 7416 normally
segregate (x° < 6.64; P < 0.01). The distribution of all
these markers on the 11 chromosome pairs of cowpea is
shown in Table 11.

QTL detection associated to brown blotch in KN-1
variety

QTL analysis using the association test between the
11,813 polymorphic SNPs markers and the phenotype of
disease incidence of the 63 F, population showed the
effects of probable QTLs on all 11 chromosomes of
cowpea (Figure 4). A positive and significant effect of
QTL (P < 0.05) was observed on chromosome 2 (Figure
5). The detected QTL explained 21.44% of the
phenotypic variance (PVE), had an estimated of position
10 cM on the cowpea genome (Figure 6). The QTL
detected showed an additive effect of 0.23 and
associated to the alleles of the resistant parent KN-1
(Table 12). The LOD max score value for which the
resistance QTL was declared significant in the order of
3.25 (> LOD threshold score, 3). The genomic region
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Table 10. Phenotypic segregation of brown blotch disease resistance at 35 and 56th DAI in F, and BC,P, individuals and

Chi-square values.

Expected ratio

Observed value

Population Total R S R S Chi-square Probability
35th DAI

Bambey 21 (S) 4 0:1 0 4 na na
IT93K-503/46-13 (R) 4 1:0 4 0 na na
Fi 5 1:0 0 5 na na
BCiR 30 1:1 20 10 3.33"™ 0.05
F2 196 1:3 163 33 353.63 0.05
56th DAI

Bambey 21 (S) 4 0:1 0 4 na na
IT93K-503/46-13 (R) 4 1:0 4 0 na na
F1 5 1:0 0 5 na na
BCiR 30 1:1 11 19 2.13"™ 0.05
Fa 196 1:3 154 42 300 0.05

ns: Not significant = corresponds to the chi-square values for which segregation follows the Mendelian law at the 5% threshold, na:

not applicable, S: sensitive parent, R: resistant parent.

Table 11. Genetic linkage map of the 11,813 SNP markers segregating among the F, mapping

population derived from the cross Tiligre x KN-1.

Chromosomes (Phytozome ID)

Number of polymorphic SNPs

Length (cM)

1

© 0O ~NO U1 WwWwN

1090 88.5
961 63
1488 140.5
552 71.8
1083 130.5
1191 57.1
1682 95.2
668 91.8
1262 97.3
695 117
1141 66.6
11,813 1019.3

flanking the resistanceQTL includes markers 2_21435
and 202435, respectively the left and right flanking
markers. Additionaly, 102 individual SNPs markers (LOD
score max > 3) associated with resistance to C. capsici
were identified on chromosome Vu02.

DISCUSSION

Nature of genes involved in resistance in KN-1 and
Donsin local

The distribution of resistant and susceptible phenotypes
and Chi-square results from the crosses involving Tiligré

and KN-1 revealed that resistance to C.cap-SA isolate of
C. capsici in KN-1 was controlled by two or more genes
with a quantitative effect (QTL). This resistance gene is
believed to be from the resistant parent KN-1. Several
genes with minor effects inducing different resistance
mechanisms would be involved. These genes with minor
effects occur at different stages of plant development and
induce different mechanisms of resistance. Their effect
contributes to the suppression of disease symptoms
(Chun Ying et al., 2015).

Several studies on the inheritance of polygenic traits
have been undertaken and have resulted in the
identification of QTLs, some of which have been mapped.
Chun Ying et al. (2015) identified several QTLs
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Figure 5. Genetic mapping of resistance to C. capsici indicating the effects of QTL on the 11 chromosome (Phytozome) of
cowpea, significant effect on chromosome 2 (VU02).
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Figure 6. Detection of QTLs on chromosome 2 at 35th day after inoculation (DAI), ICIM add. (QTLIciMapping).
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Table 12. Characteristic of QTL detected on chromosome Vu02, flanking markers, LODs, PVE, additivity and position.

Disease resistance Ch. Marker F_L/R Position (cM) LoD? PVE " (%) Add. Dom.

Disease inc_35 DAI 2 2_21435/2_02435 10 3.25 21.44 +0.23 -0.28

Disease inc_35 DAI= disease incidence 35 day after inoculation; Marker F_L/R= Flanking markers_Left/Right; * = maximum LOD score; b=
percent phenotypic variance explained; Add.= additivity; Dom.= dominance.

associated with resistance to Colletotrichum acutatum in
the pepper. These QTLs were detected from F; and BC,
individuals and would occur at different stages of plant
development.

Contrary to the KN-1 variety, Donsin local variety tested
with the same C.cap-SA isolate had a different reaction.
Indeed, the behavior of F; individuals at the 35 and 56th
DAI did not conform to the expected results for a case of
a totally dominant (1: 0) or totally recessive (0: 1) gene.
Moreover, phenotypic segregation within backcross
individuals (BC,P; and BC,P,) also does not follow
Mendelian law. This suggests a partial or incomplete
dominance in Donsin local resistance to C.cap-SA
isolate. It is most likely that the Donsin local variety is
heterozygous. Heterozygous F, individuals are thought to
belong to the intermediate class (moderately
resistant/moderately susceptible). This would explain the
phenotypes of F; and backcross individuals observed.

According to the concept of gene-for-gene developed
by Flor (1942), the differential reaction observed in the
local KN-1 and Donsin varieties, inoculated by the same
isolate, suggests that these two varieties would have a
different resistance gene. Considering the nomenclature
proposed by Abadassi et al. (1987), the resistance gene
identified in Donsin local variety was designated Rccl
(resistance to C. capsici, dominant gene 1).

Nature of genes involved in resistance in Moussa
local

The study of the inheritance of resistance of Moussa local
variety to the isolate C.cap-FA, from the crosses involving
KVx61-1 and local Moussa, suggests that a major
dominant gene is responsible for this resistance.
Previous studies by Sérémé (1999) had demonstrated
resistance of the Moussa local variety to several C.
capsici isolates and suggested a case of polygeny. It is
not excluded that this variety has lost over time
components involved in its resistance mechanisms or
new virulence have raised.

The emergence of new C. capsici pathogens to which
Moussa local variety was monogenic resistant is much
more plausive. Several variants of the pathogens with
different aggressiveness levels were identified (Thio et
al., 2017). Mahasuk et al. (2009) identified a major
dominant gene in chilli pepper resistance to anthracnose
caused by C. acatatum. That gene was identified during

the ripe fruit stage. Two new genes conferring resistance
to the most aggressive pathotypes of C. acatatum in chili
pepper were identified (Mahasuk et al., 2013).

The resistance gene identified in Moussa local variety
was designated Rcc2 (Resistance to C. capsici dominant
gene 2) as previously stated.

Nature of gene governing resistance in IT93K-503/46-
13

It was appropriate to address the inheritance of
resistance in IT93K-503/46-13, especially since this
variety had demonstrated total resistance to C.cap-PO
isolate. After analysis of the different phenotypic
segregation ratios and disease distribution in the F;
population and BC;P, (resistant parent backross)
progeny, a major recessive gene responsible for
resistance was identified.

Previous studies conducted by Abadassi et al. (1987)
identified a recessive gene known as rcc (resistance to C.
capsici) associated with brown blotch disease in IT82E-
16 variety.

Kim et al. (2008) also identified a recessive gene
governing chili pepper resistance to anthracnose disease
caused by C. capsici in South Korea. A previous study
conducted by Mahasuk et al. (2009) identified a recessive
gene in chili pepper resistance to anthracnose. That gene
was identified during the mature green fruit stage and is
believed to be responsible for the spread of the disease.
The resistance gene identified in IT93K-503/46-13 variety
was designated rcc2 (resistance to recessive C. capsici
gene 2).

QTL detection and markers associated to partial
resistance of KN-1 variety to C. capsici

The polygenic inheritance of KN-1 variety has been
prospected in marker-phenotype associations tests using
QTL analysis. A dominant QTL located on chromosome 2
(Vu02) involved in partial resistance of cowpea to C.
capsici was detected. The resistance QTL showed a PVE
value of 21.4% and a positive additive effect of +0.2349,
indicating that resistance is controlling by the favour
alleles of the parent KN-1. Disease manifestation is due
to the alleles of the susceptible parent Tiligré. The
dominance effect of the resistance QTL was in the order
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of -0.28 indicating the superiority of the dominant parent
KN-1 in terms of disease incidence and severity.
However, the effects of the detected QTL were relatively
low in terms of PVE value, additivity and dominance
effect (Bratteler et al., 2006).

Kulkarni (2009) attributes this situation to unstable and
unfavourable environmental conditions that do not
promote disease symptoms developement and therefore
better detection of QTL. Ferreira et al. (2006)
demonstrated the need for a sufficient population, at least
200 F, individuals, to detect QTL with a significant effect.
Good saturation of the genetic map in polymorphic and
codominant markers would promote better detection of
QTL (Liu, 1998).

Working on brown blotch in Nigeria, Adetumbi et al.
(2016) identified more than 130 SNPs markers in IT-95K-
193-12 cowpea variety. Unlike the results of this study,
they did not detect any genes or QTL. Several QTL
associated with Colletotrichum lindemuthianum have
been reported on chromosome 2 of Phaseolus vulgaris, a
close relative of cowpea, suggesting that this linking
group may play an important role in resistance to
Colletotrichum species (Campa et al., 2014; Oblessuc et
al., 2014; Silva, 2017). Darvishzadeh (2007) identified
several QTLs and AFLPs markers associated with
sunflower partial resistance to Phoma macdonaldii.
These resistance QTLs were located primarily on linkage
groups 5, 8 and 15.

The resistant QTL detected in this study could be
named gBBDR2 (QTL for brown blotch disease
resistance located on chromosome 2).

Conclusion

The inheritance study of brown blotch in cowpea
indicated that genes of different nature are controlling the
disease resistance. In KN-1, resistance is controlled by
two or more genes with a quantitative effect. QTL
analysis with SNP markers allowed to detection of a
major dominant resistant QTL on chromosone 2 (Vu02) in
KN-1 variety. In the Moussa local variety, resistance is
monogenic and controlled by a dominant gene. This type
of resistance is easy to handle and is frequently used in
Marker-Assisted-Selection. In the Donsin local variety,
resistance seem to be controlled by a partial-dominant
gene.

A recessive gene is governing resistance in cowpea
resistant variety IT93K-503/46-13.
Several thousand polymorphic SNPs markers were
identified in KN-1 resistance and some of them were
associated with brown blotch. These SNP markers could
be converted into PCR based marker and used for
population validation in Marker-Assisted-Selection.
The efficient exploration of converted SNP markers will
identify among them those associated to C. capsici
resistance genes in cowpea resistant varieties Moussa
local and Donsin local.
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