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Snap bean production in Kenya is constrained by many pests and diseases, including the
bean common mosaic virus (BCMV) and bean common mosaic necrosis virus (BCMNYV).
The occurrence of the dominant I gene in many snap bean cultivars has provided a measure
of control over BCMV but the BCMNV overcomes this resistance. The current study aimed
to screen a collection of locally grown snap bean commercial cultivars, landraces, breed-
ing lines, and dry bean cultivars for the expression of resistance against BCMNV under
both field and greenhouse conditions. The results showed that the evaluated snap bean
cultivars were susceptible to BCMNV. The reactions of the genotypes to BCMNYV varied
from top, vein and local necrosis, mosaics, mottling, deformed leaves to stunted growth.
Positive infection was confirmed through enzyme linked immunosorbent assays. The dry
bean cultivars, which were used as resistant checks can be explored as sources of resistance
to BCMNV in future breeding programs. Molecular analysis showed that the SW13 and
elF4E markers were reliable in confirming the presence or absence of the dominant I gene
and the recessive bc-3 gene, respectively. These molecular markers are useful in marker-
assisted breeding programs.

Keywords: bean common mosaic necrosis virus (BCMNV), bean common mosaic virus
(BCMV), molecular markers, pathotypes, snap bean

Introduction

Snap beans (Phaseolus vulgaris L.), also known as
green or French beans, are common beans that are
consumed as immature pods (Hagerty et al. 2016). As
the leading export vegetable in Kenya, it contributes
substantially to the Kenyan economy (HCDA 2020).
However, its production is constrained by many pests
and diseases, including the bean common mosaic vi-
rus (BCMV) and bean common mosaic necrosis virus
(BCMNYV) (Kamiri et al. 2021).

These two related seed-borne and aphid-transmit-
ted potyviruses (classified as BCMV serotypes A and
B, respectively) are in some cases responsible for total
yield loss in areas where they are prevalent (Worrall
et al. 2015). In severe cases, most farmers are com-
pelled to employ chemical control of the aphid vector.

Unfortunately, this strategy is less effective because the
aphids spread the virus in a non-persistent manner
and chemical control is economically unsustainable
for resource-poor farmers, especially in East Africa
(Mangeni et al. 2014). Therefore, the deployment of
host resistance is the best alternative strategy to control
these diseases, and efforts have been made to develop
cultivars that are resistant to these viruses.

Resistance to BCMV/BCMNYV is controlled by
the I gene, and five strain-specific recessive resistance
genes, namely bc-1, be-2, be-3, be-4, and be-uf (Soler-
Garzon et al. 2021). Previously, highly effective host
resistance to BCMV was conferred by the dominant I
gene and was widely deployed in common bean breed-
ing programs. However, the necrosis-inducing virus
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(BCMNYV) was able to overcome this resistance in
genotypes carrying an unprotected I gene because of
a hypersensitive response against BCMNV (Tang and
Feng 2023). In addition, at high temperatures, BCMV
can induce temperature-dependent systemic necrosis
symptoms in genotypes carrying the I gene which can
lead to plant death and total loss of the bean crop (Sil-
bernagel et al. 2001).

Durable resistance to BCMV/BCMNYV can be
achieved by combining the dominant I gene with re-
cessive genes, as they possess different mechanisms
of resistance. For instance, cultivars possessing the I
and bc-3 or be-u and be-3 are immune to all known
strains of both BCMNYV and BCMV (Tang and Feng
2023). Due to epistasis, bc-3 masks the effects of the
I gene, and as a result, the presence of I is undetect-
able phenotypically in a host carrying bc-3. These in-
teractions prompted the development of DNA assays
linked to each of the resistance genes that can be uti-
lized in breeding programs for cultivar selection and
for marker-assisted selection (Melotto et al. 1996;
Johnson et al. 1997; Naderpour et al. 2010). The ob-
jective of this study was therefore, to characterize
host plant resistance to BCMNV in commercial snap
bean cultivars in Kenya in order to identify culti-
vars that confer resistance to BCMNYV to be incor-
porated into breeding programs for long-term virus
control.

Materials and Methods

Bean germplasm

Forty bean genotypes were used in this study, in-
cluding 22 commercial snap bean cultivars, two lo-
cal landraces, three breeding lines, three resistant
checks (carrying both 7 and bc-3), two susceptible
checks (Mitchelite and Cornell 49-2420) as reported
by Kamiri ef al. (2021), and eight differential cultivars
(Table 1). The resistant checks were provided by the
International Center for Tropical Agriculture (CIAT),
Uganda while the differential cultivars were obtained
from the Rwanda Agricultural Board. The differen-
tial cultivars possess a specific set of resistance genes
known to confer resistance against different patho-
types of the virus (Silbernagel et al. 2001).

Field experiment

The field sites were located in Kirinyaga (0°34’S,
37°20°E) and Embu (0°34’S, 37°29 'E) Counties, repre-
senting snap bean production in areas in Kenya, thus
providing the most conducive environment for field
evaluation. The experiments were conducted using
randomized complete block design (RCBD) with four
replications. The differential cultivars were not includ-
ed in the field experiment. The test plants were sown

Table 1. Bean cultivars used in the screening for host resistance to BCMNV

S/No. Variety Status S/No. Variety Status
1 Amy commercial cultivar 21 Boston commercial cultivar
2 Serengeti commercial cultivar 22 Source commercial cultivar
3 Monel commercial cultivar 23 Cornel 49-2420 susceptible check
4 Morgan commercial cultivar 24 Mitchelite susceptible check
5 Teresa commercial cultivar 25 MCM 1015 resistant check
6 Tausi commercial cultivar 26 MCM 2001 resistant check
7 Fanaka commercial cultivar 27 MCM 5001 resistant check
8 Samantha commercial cultivar 28 MU#13 breeding line
9 Goldplay commercial cultivar 29 MU#02 breeding line
10 Hawaii commercial cultivar 30 MU#03 breeding line
1 Lomami commercial cultivar 31 GBK 032 921 local landrace
12 Manakelly commercial cultivar 32 GBK 032952 local landrace
13 Mara commercial cultivar 33 Pinto differential cultivar
14 Vanilla commercial cultivar 34 Red Mexican 34 differential cultivar
15 Widusa commercial cultivar 35 Pure gold differential cultivar
16 Seagull commercial cultivar 36 Red Mexican 35 differential cultivar
17 Edge commercial cultivar 37 Sanilac differential cultivar
18 Moonstone commercial cultivar 38 Sutter pink differential cultivar
19 Enclave commercial cultivar 39 Great northern 123 differential cultivar
20 Blazer commercial cultivar 40 Great northern 31 differential cultivar
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in single rows spaced 30 cm apart, and 10 cm between
plants. All necessary agronomic practices for optimum
growth were implemented in all experimental plots.
The incidence of BCMNYV was scored according to the
presence/absence of symptoms and a cultivar was con-
sidered susceptible as long as symptoms were present.

Greenhouse experiment

Five samples of BCMNV-infected bean plants were
collected from farmers’ fields in Bungoma (0°34°N,
34°32°E), Embu (0°34°S, 37°29°E) and Kakamega
(0°16°N, 34°46E). The samples were pooled per site
making a total of three isolates that were used for
screening. These samples were transferred to a re-
search laboratory in the Kenya Agricultural and Live-
stock Research Organization (KALRO) in Kakamega
for inoculum isolation following the method described
by Chilagane et al. (2013). The inoculum was then used
to inoculate all 40 genotypes. The experiment was ar-
ranged in a completely randomized design (CRD) and
replicated four times. The seeds of the test genotypes
were sown in individual plastic pots measuring 20 cm
in diameter and 16 cm in height and were filled with
sterilized soil, farmyard manure and sand at a ratio of
3:2: 1. Plants were inoculated at 3-true leaf stage us-
ing BCMNYV inoculum that was prepared by grinding
the infected leaf samples with a mortar and pestle in
0.1% hydrogen phosphate buffer. The supernatant ob-
tained was sieved through cheesecloth. The extracted
sap was diluted in 0.02 M potassium phosphate buffer
ata pH of 7.5 and gently rubbed on the entire leaf sur-
face using carborundum powder as an abrasive. The
plants were observed weekly for the development of
symptoms and the final phenotypic evaluation was
conducted in the fourth week post-inoculation. Data
was recorded according to the presence/absence of
BCMNYV symptoms. Different BCMNYV isolates were
grouped into different pathogenicity groups based on
the reaction of the host differential cultivar (Silber-
nagel et al. 2001).

Confirmation of BCMNV infection
through DAS-ELISA test

The confirmation of BCMNYV infection was conduct-
ed 3 weeks after inoculation using double antibody
sandwich (DAS) enzyme-linked immunosorbent as-
say (ELISA) following the manufacturer’s instruc-
tions (BIOREBA, Switzerland). Microtiter plates
were coated with BCMNYV IgG diluted 1 : 1,000 (v/v)
in coating buffer (1.59 g Na,CO,, 2.93 g NaHCO,,
0.20 g NaN,, dissolved in 900 ml H,O, and pH adjusted
to 9.6 by adding HCl up to 11) and incubated for 4 hours
at 30°C. The leaf sap extracts prepared from ground

www.czasopisma.pan.pl P N www.journals.pan.pl

IS

infected leaf tissues 1 : 10 (w/v) in sample extraction
bufter (PBST + 2% PVP) were added and incubated
overnight at 4°C. Positive and negative controls were
used to verify the performance of the assay. The IgG
alkaline phosphatase conjugate, diluted 1: 1,000 (v/v)
in conjugate buffer (PBST + 2% PVP + 0.2% egg al-
bumin [Sigma A-S253]), was added and incubated for
5 hours at 30°C. The substrate, p-Nitrophenyl phos-
phate dissolved to a final concentration of 1 mg/ml
in substrate buffer was added and incubated at room
temperature in the dark. Color development was as-
sessed after 1 hour through quantitative measure-
ments of the p-nitrophenol substrate conversion to
yellow at 405 nm absorbance (A405). The presence of
a yellow color indicated a positive infection, while the
absence of a color change indicated negative infection
(Fig. 1).

- ve infection $——_
+ ve infection «——

Fig. 1. Microtiter plate showing DAS-ELISA test for the presence
of bean common mosaic necrosis virus (BCMNV) in snap bean
cultivars

Identification of BCMV/BCMNYV resistance
genes by molecular markers

For genotypic evaluation, DNA was extracted from
leaves of 15-day-old plants using the Mahuku (2004)
protocol. PCR-based markers employed to detect the
presence of bc-1% be-3 and I, and their respective PCR
conditions are listed in Table 2. Each 10 pl PCR tube
contained 1.5 pl of 50 ng - pl! DNA template, 0.5 pl of
each reverse and forward primer (10 mM), 1 pl of 10x
Dream Taq buffer (containing 20 mM MgClL ), 1 pl of
2 mM dNTP and 0.05 pl of 500 U - ul-! DNA Tag poly-
merase. The PCR products were separated by electro-
phoresis on a 1.2% agarose gel containing 0.5 pug - ml™
ethidium bromide. For the cleaved amplified polymor-
phic sequence (CAPS) assay used for the elF4E marker,
a 5 pl aliquot of the PCR product was Rsal-digested in
a 15 pL reaction before electrophoresis. A gel picture
was obtained after visualization using an ultra-violet
trans-illuminator and each individual was scored as
(1) for the presence of a marker or (0) for the absence.
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Table 2. Molecular markers linked to BCMV and BCMNV resistance genes
Marker Locus Annealing Size Sequences ’of tl:1e primers
temperature [bp] (5...3)
1250 F: GTG CGG AGA GGC CAT CCATTG GTG
SBD5 bc-1? 65°C
cis R: GTG CGG AGA GTTTCA GTGTTG ACA
690 F: CACAGC GACATT AATTTT CCTTTC
SW13 / 60°C
cis R: CAC AGC GAC AGG AGG AGCTTATTA
420 F:CCAATTCTCTTTCACTTGTAA CC
ROC11 bc-3 55°C
trans R: GCATGT TCC AGC AAA CC
381/541 F: ACC GAT GAG CAA AACCCTA
elF4E bc-3 58°C
codominant R: CAA CCA ACT GGT ATC GGATT
Source: Melotto et al. (1996); Johnson et al. (1997); Nadepour et al. (2010)
Table 3. Response of snap bean cultivars to bean common mosaic necrosis virus (BCMNV) under field conditions
S/No. Variety Embu* Kirinyaga S/No. Variety Embu* Kirinyaga
1. Amy 1 1 17. Blazer 1 0
2. Monel 1 1 18. Enclave 1 0
3. Boston 1 1 19. Manakelly 1 0
4. Moonstone 1 1 20. Mara 1 0
5. Morgan 1 1 21. Serengeti 1 0
6. Edge 1 1 22. Samantha 1 0
7. Fanaka 1 1 23. MU#02 1 0
8. Seagull 1 1 24, MU#03 0 1
9. Goldplay 1 1 25. MU#13 0 1
10. Hawaii 1 1 26. GBK 032921 1 1
11. Lomami 1 1 27. GBK 032952 1 1
12. Tausi 1 1 28. Cornell 49-2420 (SC) 1 1
13. Teresa 1 1 29. Mitchelite (SC) 1 1
14. Vanilla 1 1 30. MCM 1015 (RC) 0 0
15. Source 1 1 31. MCM 2001 (RC) 0 0
16. Widusa 1 1 32. MCM 5001 (RC) 0 0

1 - presence of disease; 0 — absence of disease; SC - susceptible check; RC - resistant check

Results

Response of snap bean genotypes to BCMNV
under field conditions

The most common symptom of BCMNYV in the field
was top necrosis, starting from the shoot tip and
progressing downwards to older plant parts (Fig. 2).
Other frequently observed symptoms included
mosaics, mottling, downward curling and stunt-
ing. Twenty-two genotypes were infected in Kirin-
yaga, while in Embu, 27 out of the 32 were infected
(Table 3). None of the three dry bean resistant checks
showed symptoms at either site.

Pathogen characterization

Based on the reaction of the differential cultivars to the
three isolates, as expressed by the symptoms and con-
firmed by ELISA test, Bungoma and Kakamega isolates
were classified as pathotype VI, whereas the Embu iso-
late was classified as pathotype III (Table 4). The symp-
toms expressed include mosaic, mottling, deformed
leaves and stunted growth.

Response of snap bean genotypes to BCMNV
under greenhouse conditions

The 32 bean genotypes reacted differently to infec-
tion by the three BCMNYV isolates. The three isolates
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Fig. 2. Mosaic (A) and top necrosis (B) symptoms of bean common mosaic necrosis virus (BCMNV) expressed by susceptible snap

beans under field conditions

Table 4. Reaction of bean common mosaic necrosis virus (BCMNV) common bean differentials cultivars to BCMNV isolates

Bungoma Kakamega Embu
S/No.  Differential cultivar Host genes
symptom* ELISA symptom ELISA symptom ELISA

1. Pinto bc-1;bc-22 M, ST + M, ST + NR -
2. Red Mexican 34 bc-2 MT, D + M + MT, D +
3. Pure gold bc-1 M + M + NR -
4. Red Mexican 35 bc-22 NR - NR - NR -
5. Sanilac bc-2 M, ST + ST + ST,D +
6. Sutter pink ii M + MT, ST + ST
7. Great Northern 123 bc-1? ST,D + ST,D + NR -
8. Great Northern 31 bc-2 NR - NR - NR -

Pathotype Vi VI 1]

*symptom: M — mosaics; MT — mottling; D - deformed leaves; ST - stunted growth; NR - no reaction. The positive and negative signs indicate presence

and absence of infection respectively

successfully infected all of the 29 snap bean genotypes
but were not able to infect the three resistant checks
(Table 5). Positive BCMNYV infection was confirmed in
all the entries (including the asymptomatic ones) using
the ELISA test.

Molecular marker analysis

ROC 11marker, which is in repulsion linkage with the
bc-3 gene, was detected in all snap bean genotypes ex-
cept for the three dry bean cultivars that were used as
resistant checks (Fig. 3A). This might indicate that only
the three dry bean cultivars (resistant checks) carried
the bc-3 gene. Additionally, when the DNA was ampli-
fied using the elF4E primer pair, which also detects the
presence of bc-3, each entry generated a 541 bp ampli-
con. Following Rsal digestion, the amplicon produced
by carriers of bc-3 (the resistant checks) was cleaved
into 381 bp and 160 bp products, whereas the ampli-
con that was produced by non-carriers was not cleaved

(Fig. 3B). Furthermore, the findings revealed that
all entries exhibited amplification of the anticipated
690 bp fragment associated with the SW13 marker,
which is linked to the dominant I gene (Fig. 3C). Ad-
ditionally, the SBD5 marker amplified a 1,250 bp am-
plicon (Fig. 3D), indicating the presence of the bc-1°
gene in nine snap bean entries (Table 6).

Discussion

In recent years, BCMNV has become the dominant
potyvirus affecting beans, which can be attributed
to breeders’ efforts to breed against BCMV by us-
ing the / gene (Worrall ef al. 2015). The incidence of
BCMNYV in common bean growing regions of cen-
tral and western Kenya concurs with previous studies
(Mangeni et al. 2014; Mutuku ez al. 2018). The dif-
ferences observed in disease pressure at the two sites
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Table 5. Reaction of snap bean cultivars to three bean common mosaic necrosis virus (BCMNV) isolates under greenhouse conditions

Bungoma isolate Kakamega isolate Embu isolate
S/No. Genotypes
reaction® ELISA** reaction ELISA reaction ELISA
1. Amy M + M, MT + NR +
2. Blazer MT, ST + M + MT +
3. Boston M + MT + MT, D +
4. MCM 1015 NR - NR - NR -
5. Goldplay TN + ST + ST +
6. Fanaka MT, D + M + M +
7. GBK 032921 D + M, ST + D, MT +
8. Hawaii M, LN + VN + MT +
9. Manakelly M + M + D +
10. GBK 032952 D + M, ST + ST +
11. Lomami M + M + MT, D +
12. Enclave M + M + M, D +
13. Mara M + M + M +
14. Monel MT, D + M + MT +
15. Morgan MT + M + M +
16. Moonstone D,M + M + M +
17. MU#02 M + M, ST + MT +
18. MU#03 M + M + NR +
19. MU#13 MT + M + M +
20. Samantha M + M, ST + M +
21. Vanilla M, D + MT + M +
22. Serengeti M, D + M + M, D +
23. Source M + M, ST + M +
24. Widusa M + M + M +
25. Seagull M + MT + M +
26. Teresa M + MT + D +
27. Tausi M + MT + M +
28. Mitchellite M, D + M, D + M, D +
29. Cornell 49-242 TN + TN + TN +
30. Edge VN + M + ST +
31. MCM 2001 NR - NR - NR -
32. MCM 5001 NR - NR - NR -
Pathotype Vi Vi n

could be attributed to factors such as genotype sus-
ceptibility in terms of symptom expression, strains of
the virus, and environmental factors such as humidity
and temperature (Muute ez al. 2021). The symptoms of
BCMNYV observed in this study are similar to previous
studies (Mwaipopo et al. 2018; Mangeni ef al. 2020;
Deligéz et al. 2021, 2022). However, some cultivars
were asymptomatic under field conditions, highlight-
ing the need for artificial inoculation under controlled
conditions and subsequent confirmation using ELISA
tests on all genotypes.

Characterization of BCMNYV isolates has previ-
ously been used to help understand the available

*reaction: M — mosaic; MT — mottling; D — deformed leaves; ST - stunted growth; TN — top necrosis; VN - vein necrosis; LN - local necrosis; NR - no
reaction. **the positive and negative signs indicate the presence and absence of infection respectively

strains in a specific region. The two pathotypes (III
and VI) identified in this study have been reported in
Kenya (Mangeni et al. 2014; Mutuku et al. 2018). The
DAS-ELISA was useful in detecting BCMNV in
asymptomatic plants, similar to previous studies (Kilic
et al. 2020; Mangeni et al. 2020; Deligoz et al. 2022).
The three dry bean cultivars (MCM 1015, MCM 2001
and MCM 5001) used as resistant checks consistent-
ly showed resistance, confirming their resistance to
BCMNV. According to Kelly et al. (2003), the three
cultivars possess the / and bc-3 genes. These culti-
vars (initially CIAT breeding lines) are commercially
grown in Uganda as K 131 (Okii ez al. 2018), NABE
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ld1 2345 6 789 10111213141516 1718 Ld

Ld 1920 21 22 23 24 25.26 27 28 29 30" I3

Ld 1920 21 22 23 24 25 26 27 28 29 30 31 32 Ld

2 3456 789 1011121314151617 18 Ld 123 45 67 8 910 111213141516 1718 Ld

Ld 1920 21 22 2324 25 26 27 28 29 30 3132 Ld
Ld 19 20 21 22 23 24 25 26 2728 29 30 3132 Ld

Fig. 3. Amplification of molecular markers linked to bean common mosaic necrosis virus (BCMNV) resistance genes I, bc-3, bc-12.
A — SCAR marker ROC11 300 bp for bc-3; B — CAPS marker elf4e 541(381/160) for bc-3; C — SCAR marker SW13 690 bp for /; and
D - SCAR marker SBD5 1250 bp for bc-12. Ld - 100 bp ladder. Entries 1-3, 5-30 are French bean cultivars; 4, 31-32 are resistant dry
bean cultivars

Table 6. Molecular analysis of the snap bean cultivars to determine the presence of markers linked to bean common mosaic virus
(BCMV) and bean common mosaic necrosis virus (BCMNV) resistance genes

$/No. Genotypes SW13 ROC11* elF4e** SBD5
(I'gene) (bc-3) (bc-3 gene) (bc-I* gene)
1. Amy 1 1 1 0
2. Blazer 1 1 1 0
3. Boston 1 1 1 0
4. MCM 1015 1 0 11 0
5. Goldplay 1 1 1 1
6. Fanaka 1 1 1 0
7. GBK 032921 1 1 1 0
8. Hawaii 1 1 1 1
9. Manakelly 1 1 1 1
10. GBK 032952 1 1 1 0
11. Lomami 1 1 1 0
12. Enclave 1 1 1 0
13. Mara 1 1 1 1
14. Monel 1 1 1 0
15. Morgan 1 1 1 0
16. Moonstone 1 1 1 1
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Table 6. Molecular analysis of the snap bean cultivars to determine the presence of markers linked to bean common mosaic virus
(BCMV) and bean common mosaic necrosis virus (BCMNV) resistance genes — continuation

S/No. Genotypes SW13 ROC11* elF4e** SBD5
(/'gene) (bc-3) (bc-3 gene) (bc-F gene)
17. MU#02 1 1 1 1
18. MU#03 1 1 1 0
19. MU#13 1 1 1 0
20. Samantha 1 1 1 0
21. Vanilla 1 1 1 0
22. Serengeti 1 1 1 0
23. Source 1 1 1 0
24. Widusa 1 1 1 0
25. Seagull 1 1 1 1
26. Teresa 1 1 1 1
27. Tausi 1 1 1 1
28. Mitchellite 1 1 1 0
29. Cornell 49- 242 1 1 1 0
30. Edge 1 1 1 0
31. MCM 2001 1 0 1/1 0
32. MCM 5001 1 0 11 0

*1 and 0 represent presence and absence of the marker respectively; **ROC 11 - presence of the marker indicates absence of the gene 1/1-381/160bps

band after digestion with Rsal enzyme

3 and NABE 2, respectively. MCM 5001 and MCM
1015 were derived from a cross between IVT831629
and BAT 1554 cross, while MCM 2001 was derived
from IVT831607 x RAB 71 cross. Given that BCMNV
is prevalent in East Africa, these lines are particularly
suitable for utilization in African breeding programs.

The deployment of molecular markers in this
study was used together with phenotypic studies
to determine their effectiveness in marker-assisted
breeding (MAS). The marker SW13 is closely linked
(1.3 £ 0.8 cM) in a coupling phase to the dominant
I gene (Melotto et al. 1996). In the current study, the
SW13 marker results corresponded to the phenotypic
reactions of the genotypes which showed symptoms of
top necrosis under field conditions. This emphasizes
the usefulness of this marker for rapid identification of
the dominant I gene for resistance breeding to BCMV.
The top necrosis recorded in the field was a positive
confirmation of the presence of the dominant I gene.
This has made it possible to introgress the I gene into
other cultivars to confer resistance to all known strains
of BCMV (Chilagane et al. 2013)

The SCAR marker ROC 11 is linked to the bc-3
gene in the repulsion phase and therefore, the absence
of the band is an indication of the presence of the gene
and vice-versa (Johnson et al. 1997). In this study, the
absence of the marker was reported in the three dry
bean cultivars, whereas all 29 snap bean cultivars am-
plified the marker. However, the ROC 11 marker has

been reported to have false positives and therefore its
usage should be proceeded after validation (Chilagane
et al. 2013). Based on the fact that the be-3 gene locus in
beans has been found to be associated with a mutation
in a sequence encoding elF4E protein, a stable CAPS
marker was developed (Naderpour et al. 2010). In this
study, the CAPS marker elF4E was used to confirm the
presence of the bc-3 gene in the resistant checks and
the absence of the gene in snap beans. Therefore, this
marker is reliable in the identification of the bc-3 gene.
The absence of the bc-3 gene in contemporary snap
bean genotypes was also reported in Turkey by Deligoz
et al. (2022). Nevertheless, the frequent use of the bc-3
gene poses a risk for resistance breakdown and hence
there is a need to use other alternative bc genes to pro-
tect the I gene (Feng et al. 2017).

Identification of bc-12in genotypes possessing the
dominant I gene is of utmost importance due to the
epistatic interaction between bc-2 and bc-3. In addi-
tion, MAS for bc-1%is upfront since it does not require
be-u for its expression unlike the genotypes with the
recessive i gene (Larsen et al. 2011). In this study, the
SBD5 marker tightly linked to bc-1% was detected in
nine snap bean cultivars which were susceptible to BC-
MNYV pathotype III, whereas the Great Northern 123
differential cultivar, known to possess the bc-1° gene,
was resistant to the virus strains. Based on these re-
sults, the usefulness of the SBD5 marker for the selec-
tion of the bc-1? gene in this snap bean panel cannot
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be ascertained. This finding corroborates previous re-
ports made by Pasev et al. (2014) and Deligoz et al.
(2022) that the SBD5 marker was not reliable and
should be supported with phenotypic data. A study by
Mangeni et al. (2014) identified sources of bc-1%in dry
beans, based on the SBD5 marker. However, because
of the inconsistent results obtained from this study,
further investigations are warranted to validate the ap-
plicability of the SBD marker in MAS. Moreover, it is
imperative to develop molecular markers for the other
recessive bc genes.

Conclusions

This study revealed that the majority of the snap beans
grown in Kenya are susceptible to BCMNYV, hence re-
stricting their production in areas where the virus is
prevalent. Therefore, the dry bean cultivars MCM1015,
MCM 2001 and MCM 5001 can be utilized for gene
pyramiding of the I/bc-3 gene. The study established
that the molecular markers SW13 and elF4e were reli-
able in the identification of genes that confers resist-
ance to BCMNV and BCMV and therefore applicable
in MAS involving the current germplasm. Further
studies should focus on identifying additional molecu-
lar markers that can be used for a number of common
bean market classes.
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