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Abstract

Finger millet { Eleusine coracana (L.) Gaertn.} is an underutilized climate-resilient cerea crop with excellent nutraceutical
properties. It is an important subsistence crop to the majority smallholder women farmers in western and eastern parts of
Kenya, where it is grown under low input mixed cropping systems. One of the challenges limiting its production is blast
disease caused by Magnaporthe oryzae (syn. Pyricularia oryzae). The objective of this study was to identify and charac-
terize M. oryzae isolates associated with finger millet blast disease in Kenya. A field survey was undertaken across seven
major finger millet growing counties resulting in the collection of 450 symptomatic tissues from leaf, neck and finger.
Monaoconidia cultures of 93 isolates were characterized using morphological and molecular methods. Pathogenicity tests
were performed using two distinct isolates across 18 diverse finger millet genotypes. Morphological analysis grouped the
isolates into two major clades that were neither based on tissue type nor geographical location. 1TS5/4 identified 46 iso-
lates as M. oryzae, 28 of which were further validated using Pot2a, and another 18 using Pfh2 primers. Distinct isolates
S2 N BS from the neck and S72 F HM from finger tissue elicited different host responses suggesting genetic differences
in host genotypes to the two isolates. The findings from the present study add knowledge for future morphological and
molecular identification of M. oryzae isolates and further suggests the presence of different pathotypes that will need to
be characterized in the future.
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Introduction Believed to have been domesticated around the highlands of

Ethiopia and Uganda (Hilu and De Wet 1976), finger millet

Finger millet { Eleusine coracana (L.) Gaertn.; 2n=4x =36}
isacerea crop cultivated in the arid and semi-arid regions
of Africa and Asia (Odeny et al. 2020; Zhang et al. 2019).
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remains the most important millet in East Africa. In Kenya,
finger millet production is mainly done by smallholder
women farmers under low input mixed cropping systems.
Despite the promising benefits, its productivity remains low
with yields ranging between 500 and 750 kg/ha compared
to a potential 2,500 kg/ha (Grovermann et al. 2018). The
low productivity is mainly attributed to biotic and abiotic
stresses (Odeny et al. 2020), and the high labor demand due
to lack of mechanization.

Among the biotic stresses, blast disease caused by the
heterothallic ascomycete, Pyricularia oryzae Cavara, syn-
onym Magnaporthe oryzae B. C. Couch (Takan et al. 2012)
is the most devastating. The same fungus also parasitizes
awide range of other economically important cereals such
as rice (Oryza sativa L.), wheat (Triticum aestivum), fox-
tail millet (Setaria italica) and their relatives (Aravind et
al. 2022; Noman et a. 2022). Neck and finger blast are the
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most destructive forms in finger millet causing poor and/
or no grain filling (Manyasa et al. 2019). Losses attrib-
uted to finger millet blast disease can be as high as 90%
under favorable weather and host genotype susceptibility
(Ekwamu 1991; Rao 1990). Individual strains of M. oryzae
are host genus-specific and have been classified into dis-
tinct pathotypes according to their pathogenicity. Eleusine
pathotypes infect finger millet, Setaria pathotypes infect
foxtail millet, Oryza pathotypes infect rice (Oryza sativa
L.) and Triticum pathotypes infect wheat (Kato et al. 2000).
Although there are several reports on the morphological and
molecular characterization of pathotypes of M. oryzae Triti-
cum (MoT) (Pereira et a. 2014; Tembo et al. 2020; Kang
et a. 2021) and M. oryzae Oryzae (MoO) (Abed-Ashtiani
et a. 2016; Gowda et a. 2015; Muni and Nadargjah 2014;
Sahu et a. 2018), limited studies have been undertaken to
characterize M. oryzae Eleusine (MoE) pathotypesin Kenya
and East Africa (Takan et al. 2012).

Crop diversification and structure are known to influence
the emergence and evolution of plant pathogens (Gladieux
et a. 2010; Saleh et a. 2014). There are significantly fewer
studies characterizing M. oryzae Eleusine in general, but
even much fewer in East Africa, the center of finger mil-
let diversity. A previous characterization done more than a
decade ago for isolates from Kenya and Uganda reveaed
specific host adaptation for western Kenyan isolates,
athough the study was not conclusive with respect to popu-
lation structure and genetic diversity (Takan et al. 2012).
Genetic diversity and molecular studies on plant-pathogen
interactions are extremely important in enhancing our
understanding of pathogen infection strategies and the elic-
ited plant defense mechanisms (Dodds and Rathjen 2010).
A better understanding of the diversity of finger millet blast
fungal isolates will be important in breeding for improved
blast resistance (Xing et a. 2017) in East Africa.

The main objective of this study was to use a combi-
nation of morphological and molecular analysis (ITS5/4,
Pot2a and Pfh2) to identify M. oryzae isolates associated
with finger millet blast in major production regions of
Kenya. The non-coding internal transcribed spacer (ITS) of
ribosomal RNA genes is well known as a universal fungal
gene (Schoch et al. 2012). It is a widely useful molecular
tool for the identification and genetic diversity analysis of
different fungal species (Chen et al. 2021). Pot2a and Pfh2
have been reported to be specific to the blast pathogen (M.
oryzae) and have been successfully used in M. oryzae iden-
tification in perennial ryegrass (Lolium perenne L.), rice
and wheat (Harmon et al. 2003; Pieck et al. 2017). The
Pot2 transposon occurs in multiple copies throughout the
genome of M. oryzae (Kachroo et a. 1994) which enhances
the probability of amplification and detection.The variation
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in pathogenicity of selected isolates was further established
by testing two distinct isolates against a differential set of
18 cultivars.

Materials and methods
Collection of diseased finger millet plant material

Field surveys were performed across major finger millet
growing counties of Makueni (MK), Homabay (HM), Kisii
(KS), Kisumu (MS), Busia (BS), Nyamira (NY) and Migori
(MG) (Fig. 1) during the rainy seasons in 2019, 2021 and
2022. A total of four hundred and fifty (450) symptomatic
finger millet samples were collected (Supplementary Table
S1) from research stations and farmers’ fields for analysis.
The samples with typical blast lesions were collected from
leaves, neck and fingers. The infected leaves showed dia-
mond-shaped lesions with black or brown outer lining, the
neck showed black/brown necrotic lesions, while symptom-
atic fingers presented black/brown necrotic lesions.

Fungal isolation

Fungal isolates were obtained from the diseased samples
(leaf, neck and finger) following the protocol outlined by
Longya et al. (2020) with modifications. Briefly, ~ 1 cm?
segments of the symptomatic leaf, neck and finger were
rinsed with tap water to eliminate surface contaminants and
sterilized in 2% sodium hypochlorite for 1 min followed by
three consecutive washesin sterile distilled water to remove
excess sodium hypochlorite. The samples were air dried
on sterile blotting paper (Whatman no. 1) in the laminar
flow then cultured on cooled pre-autoclaved half strength
potato dextrose agar (PDA) for five days. Single growing
mycelium were transferred to full strength PDA medium
and incubated under 24 h of constant fluorescent light at
25+2°C for 14 days in the growth chamber. To induce
sporulation, the mycelium was transferred onto oatmeal
agar (OMA) media and incubated under constant fluores-
cent light at 25+2°C for 14 days. To obtain monoconidia,
14-day old cultures were flooded with autoclaved distilled
water. Using a dropper, adrop of the resulting solution was
cultured on OMA for 24 h. With the aid of a Leica micro-
scope (LaboMed, Beijing, China), a single growing spore
was carefully transferred to afresh OMA and PDA medium
and allowed to grow for another 14 days. The resultant
pure cultures were used for morphological and molecular
characterization while others were stored in 50% glycerol
at -20 °C for future use. The culture on OMA was used to
prepare spore suspension for pathogenicity tests.
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Fig. 1 A map of Kenya showing counties from which fungal isolates were collected. The codes represent Nyamira County — NY, Busia - BS,
Migori — MG, Kisii — KS, Maseno in Kisumu County — MS, Homa Bay — HM and Makueni - MK

Morpho-cultural characterization

Pure isolates of monoconidial cultures grown on PDA at
a temperature of 25+2 °C were used for characterization.
The colony characteristics such as mycelium morphol-
ogy (fluffy, dense fluffy, or flat), top plate color, reverse
plate color and type of margin (smooth or irregular) were
recorded (Supplementary Table S2). Conidiospores were
harvested by flooding pure cultures with sterile distilled
water and then scrapped from the surface of the fungal
mycelium with a sterile spreader. Microscopic features such
as shape, colour and size (length, width and diameter) of
the conidiospores were observed after staining with lacto-
phenol cotton blue. The colony morphology (flat, fluffy,
dense fluffy) and size of the conidia were measured under a
L eica microscope (LaboMed, Beijing, China) using ocular

and stage micrometers as described by Meena (2005). Each
variable scored for colony and conidiosphore characteristics
was converted into binary format where (1) denoted pres-
ence of the specific variable (for example fluffy morphol-
ogy) and (0) denoted absence of the same variable (in this
case, not fluffy) and used to construct a dendrogram. The
dendrogram was constructed in R software (version 4.2.1)
where the distance matrix and hierarchical clustering were
performed using Euclidean and Ward D methods, respec-
tively. The classification of the fungal isolates was based
on the observed mycelium morphology, color and margin,
conidiospore size and shape.
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Genomic DNA extraction, polymerase chain reaction
(PCR) and sequencing

Briefly, the stock of purified fungal isolates initially stored
in 50% glycerol were transferred to petri dishes with OMA
medium and incubated at 25+2 °C for 7 days. Five plugs
were then collected for each isolate and placed in potato
dextrose broth (PDB), incubated under constant fluores-
cent light at 25+2 °C and shaken at 130 rpm for 5 days.
Mycelia of each fungal isolate were then filtered, weighed,
frozen in liquid nitrogen and then stored at -80 °C prior to
genomic DNA extraction. Extraction of genomic DNA from
the mycelia of the fungal isolates was done by the column-
based method using ISOLATE Il Plant DNA Kit (Bioline
Meridian Biosciences, USA) following the manufacturer’'s
instructions. PCR amplification was carried out using fun-
gal DNA-specific and species-specific primers for identi-
fication of M. oryzae. The fungal specific gene assay was
carried out using ITS5/4 primers [ITSS (5 GGAAGTAAA
AGTCGTAACAAGG-3') and ITSA (5-TCCTCCGCTTAT
TGATATGC-3)], while the species-specific primers were
POT2a [POT2a-L2 (5-GCAATTTCATGCAACCGAAA
-3') and Pot2a-R2 (5-CGTACGCCAACCAGATTGAA
-3")] and Pfh2 [Pfh2-F (5 -CGTCACACGTTCTTCAACC
-3") and Pfh2-R (5'-CGTTTCACGCTTCTCCG-3')]. PCR
amplifications for 1TSH/4, Pfh2 and Pot2a were performed
in a 20 W volume according to the methods described by
Harmon et a. (2003), Longya et al. (2020) and Pieck et al.
(2017), respectively. The PCR reaction was performed in a
thermocycler (GeneAmp® PCR system 9700, Applied Bio-
systems, Singapore) with GoTag® Green master mix (Pro-
mega, Madison, USA). The thermal cycling conditions for
I TH/4 primers were: initial denaturation at 94 °C for 5 min
followed by 35 cycles of denaturation, annealing and exten-
sionat 94 °Cfor 30 s, 55°Cfor30s, 72 °Cfor 1 minand a
final extension at 72 °C for 5 min. The thermal cycling con-
ditions for Pfh2 pair were: initial denaturation at 94 °C for
90s followed by 35 cycles of denaturation, annealing and
extension at 94 °C for 45 s; 55 °C for 45 s, 72 °C for 45 s
and a final extension at 72 °C for 10 min. For Pot2a primer,
the thermal cycling conditions were: initial denaturation at
94 °C for 90sfollowed by 35 cycles of denaturation, anneal-
ing and extension at 94 °Cfor 30 s; 62 °Cfor 30 s, 72 °C for
60 s respectively and a final extension at 72 °C for 2 min.

Sequencing, sequence analysis and genetic diversity
tree construction

The amplicons were purified using EXO-CIP clean up
kit (New England BIOLABS, UK) and sequenced using
Sanger sequencing technique (Eurofins Genomics India
Pvt Ltd., India). All ITS5/4 amplicons were forward- and
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reverse-sequenced alongside one amplicon of either Pot2a
or Pfh2 for each of the samples, where available. The result-
ing forward and reverse sequences of each fungal isolate
were edited using BioEdit sequence alignment editor (ver-
sion 7.2.5.0) and consensus sequences created per sample
per amplicon (Hall 1999). The consensus sequences were
used as query against the Basic Local Alignment Search
Tool (BLASTnN) tool (Altschul et a. 1990) in NCBI to
retrieve homologous sequences from the GenBank database.
Sequences with 96—-100% homology were retrieved and
used in confirmation of species as well as the construction
of genetic diversity tree in Molecular Evolutionary Genetic
Analysis (MEGA) version X (Kumar et al. 2018). Publicly
available sequences of wheat blast pathogen isolated from
Zimbabwe were retrieved from public databases and used
as an outgroup for each of the amplicon category. Bootstrap
replications (500) were used to evaluate the statistical via-
bility of the phylogeny while maximum likelihood method
analyses was used to generate atreein MEGA.

Pathogenicity test

Morphological and molecular data was used alongside tis-
sue source and sampling location to select two M. oryzae
pathotypes from different groups for pathogenicity tests.
Eighteen diverse finger millet breeding lines were selected
as differential set based on their morphological (Table 1) as
well as genetic relatedness across a broader collection of
East African breeding lines (Supplementary Fig. 1). Patho-
genicity test was done in three replicates for each genotype
by selecting randomly three plants per replicate and inocu-
lating three random leaves from each selected plant. The
typical severity score for blast disease is as represented in
Fig. 2. The genotypes were classified as resistant (R) if the
average severity ranking was 1-3.0, moderately resistant
(MR) if the rating was 3.1-5.0, susceptible (S) if the rank-
ing was 5.1-7.0 and highly susceptible (HS) if the ranking
was 7.1-9.0 (Fig. 2).

The genetic clustering of 15 out of the 18 proposed differ-
ential set that was previously done based on existing Diver-
sity Arrays Technology sequencing (DArT-seq; Sansaloni et
al. 2011) data (unpublished). Non-symptomatic |eaves were
obtained from 14-day old plantlets of the differential set that
had been grown in the polyhouse at the World Agroforestry
Centre (WAC, Nairobi, Kenya). The leaves were washed
with distilled water and then sterilized in 1% sodium hypo-
chloritefor one min followed by rinsing with steriledistilled
water. The leaves were then air-dried under the laminar flow
on sterile paper towels. Upon drying, the leaves from each
accession were placed in 90-mm diameter Petri-dishes con-
taining moisturized blotting paper towels to maintain high
moisture. The leaves were pin-pricked three times on the
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Table 1 Finger millet genotypes selected for pathogenicity tests and their known field reaction to blast disease

Accession Attributes Genotyped Blast
reaction
inthe
field *

1. 1E3973 Traditional cultivar/Landrace Yes MR

2.1CFV18242 Improved variety, high yielding No S

3. KNE741 Low yielding, commercial variety Yes S

4. 1E2187 Traditional cultivar/Landrace Yes S

5. ICFV182512 Improved variety, high yielding, late maturing No R

6. Ikhulule Resistant to blast, Striga and lodging; drought tolerant; dark brown grain color; high yielding, Yes R

commercial variety

7. Okhale-1 Tolerant to Striga and blast; good malting quality; lodging resistant; brown grain color; high  Yes R

yielding, commercial

8. KNE628 Improved variety, advanced breeding line, commercial variety Yes MR

9. |IE5812 Traditiona cultivar/Landrace Yes MR

10. IE546 Traditiona cultivar/Landrace Yes MR

11. 1IE6321 Traditional cultivar/Landrace Yes R

12. MS18 Landrace Yes S

13. 1E501 Traditional cultivar/Landrace Yes MR

14.TZ1636 Breeding line Yes R

15. Ekama white High yielding, good malting quality; tolerant to blast; brown colored grains preferred by farm-  Yes R

ers; easy to thresh; lodging resistant

16. IE593 Traditional cultivar/Landrace Yes S

17. 1E2008 Traditiona cultivar/Landrace Yes MR

18. IE5635 Traditional cultivar/Landrace Yes MR

“This reaction is based on field observations recorded as MR =Moderately resistant, R=Resistant, S=Susceptible

Fig. 2 Finger millet disease rating score for seedlings infected with
M. oryzae. The 9-class disease rating scale is generally classified into
four categories of resistant (R) (1.0-3.0), Moderately Resistant (MR)
(3.1-5.0), Susceptible (S) (5.1 -7.0) and Highly Susceptible (HS) (7.1
-9.0). Source: Babu et al. (2013)

upper side with a sharp sterile needle and each spot inocu-
lated with a5 pl drop of 1 x 10° conidia/mL concentration of
spore suspension prepared from each isolate and incubated
for 4 days at 25+ 2 °C. Healthy leaves were used as control
and were inoculated with sterile distilled water. After 4 days
of incubation, the response of each accession was recorded
interms of the number of successfully devel oped lesions per
leaf in a petri dish, size of lesions and severity score. The
severity score was determined using a scale of 1-9 (Fig. 2;
Babu et al. 2013). The experimental design was a random-
ized complete block design with three replicates for each
fungal isolate and one leaf with three inoculation point was
used per replicate. The data obtained met the assumption of
normality and homogeneity while R statistical software ver-
sion 4.4.2 was used to analyse the ANOVA. To complete the
Koch's postulates, the fungal pathogen was re-isolated from
the infected leaves and morphological characteristics were
compared with the original cultures.

Results

Fungal isolation and morphological
characterization

Out of the 450 samples collected that consisted of 150
each of neck, finger and leaf samples, 92 (~21%) could be
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Table 2 Memberships of pure pyriform fungal isolates into different clusters and the corresponding morphological features

Cluster Isolate ID? Mycelium Topplate Reverseplate Margin Spore Spore Spore
morphology color color diam- length shape
eter (pm)
(um)
1A S25, S36, S89, S88, S87, S78,  Flat, fluffy Grey: Blackish grey  Smooth 4.0-7.0 13.0-159 Pyri-
S77,S73, S72, S71, S67, S63, whitish with whitering form
S61, S59, $4, S22, S1, S38 grey; towards the
black margin
1B S66, S65, S62, S60, 42, S16,  Fluffy Whitish ~ Blackish grey ~ Smooth <4.0- 9.0-190 Pyri-
S6, S15, $44, S53, S35, S24, grey with whitering 7.0 form
S19, S20, S39, S74, S64, S56, towards the
S32, S23, S30, S29, S5, S90, margin
S2,S3
2B S70, S76, S69, S68, S27, 40 Fluffy Brownto Brown Irregular/smooth <4.0; 15.9-19.0 pyri-
grey form

Fig. 3 Variation in morphology (myceliaand conidia) of pathogen iso-
lates recovered from finger millet samples S12, S27, S36, S46, S65
and S84. The plate images were taken from a 14-day old cultures. The
top plate spore shapes/conidia structure under light microscope at x

isolated as pure fungal cultures for downstream analysis
(Supplementary Table S2). Two variants (S48a and S58a)
were additionally cultured from isolates S48 F and S58 L
based on slight colour variations observed in plate cultures.
The 94 pure cultures consisted of 48 from neck, 35 from
finger and 11 from leaf tissues, indicating the difficulties in
recovering pure cultures of blast disease from diseased plant
tissues overall, but especially from leaf. The 94 recovered
pure cultures originated from Busia (28), Kisumu (22), Kisii
(18), Nyamira (12), Migori (9), Makueni (3) and Homabay
(2) counties (Fig. 1). A dendrogram based on morphological
characteristics identified two major clades with four sub-
clusters (1A, 1B, 2A and 2B) (Supplementary Fig. 2). Based
on morphological features, most of the samples within each
cluster 1A, 1B, 2A, 2B were indistinguishable, revealing
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400 magnification are: curved, pyriform, pyriform, club-shaped, pyri-
form and round for isolates S12, S27, S36, $46, S65 and S84, respec-
tively with a scale bar of 20 pym

5, 7, 20 and 4 distinct isolates respectively, making clus-
ter 2A the most diverse morphologically (Supplementary
Fig. 2). The fungal isolates showed considerable variations
in morphological traits such as colony morphology, colony
top plate and reverse plate color as well as conidial shape,
length and diameter (Table 2; Supplementary Table S2;
Fig. 3, Supplementary Fig. 2). Colony margins were either
smooth or irregular/rough with colors ranging from white,
grey black, black, brown and maroon (Table 2; Fig. 3). The
isolates which produced pyriform conidia; a typical feature
of Pyriculariaceae, were found in cluster 1A,1B and 2B
forming the first basis of M.oryzae identification (Table 2,
Fig. 3).
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Molecular identification of the fungal isolates using
ITS5/4

All the 92 pure cultures and one variant ($48a) of fungal
isolates could be amplified using 1 TS5/4 primer set resulting
in amplicons of ~567 bp after aligning forward and reverse
sequences of each isolate. Four amplicons (S4_N, S20 L
and S55 N and S91 N) generated poor quality sequences
and were therefore dropped from further analysis. A con-
sensus sequence of the remaining 89 isolates was used to
retrieve 62 other highly similar (at least 96%) sequences
from NCBI that were representative of Magnaporthe spp.
and closely related species. Diversity analysis of the 151
sequences clustered 47 of the 89 1TS5/4-amplified isolates
with other Magnaporthe spp., 27 clustered with Epicoc-
cum spp., 6 clustered with Curvularia spp., 4 with Alter-
naria spp., 3 with Nigrospora spp. and 2 with Arthrinium
spp. (Fig. 4). M. oryzae clade was further separated into 3
distinct sub-clusters; one of predominantly M. oryzae Ele-
usine (MoE) isolates, a second one having both M. oryzae
Setaria (MoS) and M. oryzae Oryzae (MoO) isolates, and a
third one of predominantly M. oryzae Triticum (MaT) iso-
lates (Fig. 4). All the 47 amplified finger millet isolates were
distinctly clustered as MoE except one (S65_F) that was dif-
ferent from all the Magnaporthe spp. The M. grisea clade
revealed two sub-clusters, one with 7 pearl millet isolates
and another of 3 Digitaria spp. isolates (Fig. 4).

Of the 46 1TSH/4 amplicons correctly identified as MOE,
one was from a leaf sample, 16 from finger and 29 from neck
isolates (Fig. 4). In comparison to the morphological clus-
tering, seventeen (S73_N, S78 F, S1 N, S36 N, S71 N,
S63 N, S72 F, S67_F, S77.N, S25 F, S89 F, S61 N,
S88 F, S38 N, S59 N, S22 F, S87 N) out of 18 isolates
that were grouped under 1A using morphological features
were correctly identified using 1 TS5/4 markers (Figs. 3 and
4). Twenty-three out of 26 isolates that grouped under mor-
phological cluster 1B were correctly identified using 1 TS5/4
markers except for S65 N, S20 L, S74 F, S29 L. Half of
the isolates that were grouped under morphological cluster
2B were correctly identified as MOE using 1TS5/4 markers
—these were S27_N, S70_N, A0 _F, S68 N, S69_F, S76_F
(Fig. 4). No specific clustering based on tissue type was
observed.

Molecular identification of the fungal isolates using
Pfh2

Pfh2 amplification produced a single band of ~687 bp from
59 pure culture isolates, of which 30 pure culture ampli-
cons and one variant (S58a) were sequenced. Consensus
sequences of each of the isolates were retained after align-
ing forward and reverse sequences. The 30 consensus

sequences consisted of 16 isolates that had been previously
correctly clustered under the MoE cluster using 1TS5/4
primers (Fig. 4), as well as 12 isolates that were clustered
with other fungal species using 1TS5/4, and one additional
isolate (S55_N) that was not included in the ITSG5/4 analy-
sis due to poor sequence quality. A consensus sequence of
the 30 isolates was used to retrieve 52 other highly similar
(at least 96%) sequences from NCBI that were representa-
tive of Magnaporthe spp. although the sequences that were
publicly available were mainly from rice and finger mil-
let isolates. Genetic diversity analysis of the 82 sequences
revealed two major clusters, one cluster of the 30 finger mil-
let amplicons alongside one other publicly available finger
millet isolate, and a second cluster comprising of publicly
available sequencesfrom riceisolates (Fig. 5). Twelve out of
the 30 isolates did not previously cluster with Magnaporthe
spp. using ITS6/4 primers suggesting that Pfh2 may not
be a precise primer set for accurately distinguishing Mag-
naporthe spp. from other closely related species. Overal,
Pfh2 validated 16 (S78_F, S56_F, S23 N, S30_N, S90_N,
S29 L, S77_N, S25 F, S53 F, S89 F, S16 N, S24 N,
S15 F, S76_F, S22 _F, S19 N) isolates out of the 46 already
identified using I TSb/4 primers but could not further distin-
guish them from other closely related species, perhaps due
to lack of sequences from other non-Magnaporthe spp. from
the public databases (Fig. 5).

Molecular identification of the fungal isolates using
Pot2a

Pot2a amplification produced a single band of 389 bp from
47 isolates, of which 30 ampliconswere sequenced and used
for further genetic diversity analysis. Twenty-six additional
highly similar (at least 96%) sequences were retrieved from
NCBI from diverse hosts. Genetic diversity analysis of the
56 sequences revealed two major clades, one that contained
2 sub-clusters of Eleusine and Oryzae isolates, and asmaller
clade with 2 small sub-clusters of Oryzae and Triticum iso-
lates (Fig. 6). Twenty-eight out of the 30 Pot2a amplicons
validated isolates that had previously been identified using
ITSH/4, one (S19_N) of which was a so validated using Pfh2
primers (Supplementary Fig. 6). One more isolate (S65_F)
that out-grouped the 1TS5/4 MoE cluster, perhaps due to
poor sequence quality, was further confirmed as MOE using
Pot2a (Figs. 4 and 6). One isolate, S20 L that could not
be analysed using 1TS5/4 due to poor sequence quality was
amplified by Pot2a and correctly clustered with other MoE
isolates (Fig. 6).
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Fig. 4 Genetic diversity trees constructed by MEGA X based on inter-
nal transcribed spacer (ITS6/4) sequences. It shows the clustering of
Magnaporthe spp. clearly distinguishing M. grisea from M. oryzae.
The isolates clustered by host except the red star pointing at foxtail
millet isolate clustering with Eleusine isolates. Black stars highlight
other Eleusineisolates from public databases. KEY. The country of ori-
gin of isolates used as reference sequences from the GenBank database
are represented as. Us=USA, Ke=Kenya, Id=India, Tz=Tanzania,

@ Springer

Tw=Taiwan, Ug=Uganda, Pr=Paraguay, Jp=Japan, Th=Thailand,
Bg=Bangladesh, ZM =— Zimbabwe. The different hosts from where
the isolates used as reference sequences are represented as. Fxm=fox-
tail millet, Wh=Wheat, Fm=Finger millet, Rc=Rice, Ds & Dh=crab
grass, Pim=Pearl millet, Ei =Eleusineindica. For the sequencesin this
study and those obtained from the GenBank, the plant tissue where the
isolate was collected are represented as L=Ieaf, N=neck, F=Finger,
S=seed
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Fig.5 Genetic diversity tree con-
structed based on multiple sequence
aiignment of Pfh2 nucleotide
sequences. The tree was generated
using maximum likelihood method
with 500 bootstrap replicationsin
MEGA X. Black stars highlight other
Eleusine isolates from public data-
bases while red stars highlight isolates
that were previously correctly identi-
fied as Eleusine using | TS5/4 primers.
The country of origin of isolates

used as reference sequences from the
GenBank database are represented as:
Us=USA, Id=India, Tw =Taiwan,
BV=Bolivia, ZM =Zimbabwe. The
different hosts from where the isolates
used as reference sequences are
represented as: Pm - Proso millet,
Wh=Wheat, Fm=Finger millet and
Rc=Rice. For publicly retrieved
sequences, where information was
available on the tissue from which the
isolate was collected, we added |etters
L, N, F, Hand Sat the end of each
isolate name to represent leaf, neck,
finger, head and seed respectively
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Fig. 6 Phylogenic tree con-
structed based on multiple
sequence alignment of Pot2a
nucleotide sequences of M.
oryzaeisolates. The tree was
generated using maximum likeli-
hood method with 500 bootstrap
replications in MEGA X. Black
stars highlight other MoE isolates
from public databases while red
stars highlight isolates that were
already correctly identified as
Eleusine using I TS5/4. Green star
highlights the isolate that was
correctly identified using all the
three primers. The country of
origin of isolates retrieved from
public databases are represented
as: Us- USA, Id=India, Ch=
China, BV =Bolivia, Tw=Tai-
wan, ZM =Zimbabwe. The
different hosts from where the
publicly available isolates were
collected from are represented as.
Pm=Proso millet, Wh=Wheat,
Fm=Finger millet and Rc=Rice.
For the sequences generated
from this study, the plant tissue
where the isolate was collected is
represented as L=Ieaf, N=neck,
F=Finger. S at the end of pub-
licly retrieved sequences denotes
“Seed” asthe tissue from which
isolate was detected

Genetic diversity analysis of the Kenyan MoE

isolates

The total number of finger millet blast isolates that were
correctly identified using at least two markers was 44
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(Table 3). They were all pyriform with spore length ranging

from 9.3 to 19 pm and spore diameter ranging 2.1-6.3 pm
(Table 3). The correctly identified isolates were all from

morphological cluster 1, except 5 (S27_N, S68_N, S69 F,
S70_N, S76_F) that were from morphological cluster 2B
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Table 3 A list of blast isolates that were correctly identified as true Eleusine based on at least one of the primer pairs

| solate Name/Tissue/Region Morphologi-  Sporediam- Spore Spore shape ITS5/4 Pfh2 Pot2a
cal cluster eter (um) length (amplicon) (amplicon) (amplicon)
(um) sequenced sequenced Sequenced

1.S1 N_BS 1A 51 13.9 Pyriform YES NO YES
2.S2_ N_BS 1B 33 16.4 Pyriform YES NO YES
3.S3 N_BS 1B 29 17.8 Pyriform YES NO YES
4.S5 F BS 1B 3.8 18.0 Pyriform YES NO YES
5.S6_N_BS 1B 33 12.8 Pyriform YES NO YES
6.S15_F NY 1B 28 1.5 Pyriform YES YES NO
7.S16_N_NY 1B 3.8 1.8 Pyriform YES YES NO
8.519 N_NY 1B 52 15.8 Pyriform YES YES YES
9.522 F NY 1A 51 142 Pyriform YES YES NO
10. S23_N_BS 1B 3.9 17.2 Pyriform YES YES NO
11. S24_N_BS 1B 49 135 Pyriform YES YES NO
12.825 F MG 1A 5.0 145 Pyriform YES YES NO
13.S27_N_NY 2B 31 17.0 Pyriform YES NO YES
14.S29 L_BS 1B 35 16.6 Pyriform YES YES NO
15. S30_N_BS 1B 28 18.8 Pyriform YES YES NO
16. S35 N_KS 1B 6.3 15.7 Pyriform YES NO YES
17. S36_N_NY 1A 43 138 Pyriform YES NO YES
18. S38_ N_KS 1A 45 14.6 Pyriform YES NO YES
19.S39 F KS 1B 31 174 Pyriform YES NO YES
20. 44 F BS 1B 53 154 Pyriform YES NO YES
21. S53 F KS 1B 43 14.8 Pyriform YES YES NO
22.S56_F KS 1B 29 16.4 Pyriform YES YES NO
23.S59 N_MG 1A 4.6 13.0 Pyriform YES NO YES
24.560 N_BS 1B 36 12.8 Pyriform YES NO YES
25. 61 N_MG 1A 53 14.8 Pyriform YES NO YES
26.S62_N_BS 1B 26 11.6 Pyriform YES NO YES
27.563 N_MG 1A 6.3 15.8 Pyriform YES NO YES
28.564 N_MG 1B 24 18.8 Pyriform YES NO YES
29.S65_F NY 1B 23 9.3 Pyriform YES NO YES
30.S66 N_MG 1B 21 12.3 Pyriform YES NO YES
31.S67_F BS 1A 37 138 Pyriform YES NO YES
32.S68 N_NY 2B 22 19.0 Pyriform YES NO YES
33.569_F BS 2B 39 16.4 Pyriform YES NO YES
34.S70_N_BS 2B 29 18.0 Pyriform YES NO YES
35.571_N_BS 1A 4.0 13.6 Pyriform YES NO YES
36.S72 F_ HM 1A 5.0 13.6 Pyriform YES NO YES
37.S73_N_HM 1A 4.4 13.2 Pyriform YES NO YES
38.S76_F MG 2B 38 16.0 Pyriform YES YES NO
39. S77_N_KS 1A 57 15.8 Pyriform YES YES NO
40.S78_F BS 1A 55 14.2 Pyriform YES YES NO
41. 587 N_MK 1A 5.0 144 Pyriform YES NO YES
42.S88 F MK 1A 5.0 14.3 Pyriform YES YES NO
43.S89 F MK 1A 6.3 15.2 Pyriform YES YES NO
44. 390 N_MS 1B 21 17.0 Pyriform YES YES NO

(Supplementary Fig. 2). Further genetic diversity analysis
of the confirmed MOE isolates based on ITSb/4 and Pot2a
sequences revealed some level of differentiation of isolates
(Fig. 7). ITSH/4 revead ed three major clusters with cluster |
comprising of 27 isolates with likely 3 variants (one from
Kisumu and two from Busia); cluster 11 contained 15 iso-
lates, four of which differentiated into a sub-cluster, while

cluster 1l comprised of nine isolates, four of which were
retrieved from public databases (Fig. 7A). Pot2a grouped
the isolates into one major cluster with potentially four sub-
clustersof variants (Fig. 7B). Pfh2 could not adequately dis-
tinguish the various isolates (Fig. 7C).
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Fig.7 Genetic diversity trees of confirmed MoE isolates constructed by
MEGA X based on the amplicons of the 3 genes and rooted with either
MoO or MoT isolates that had been retrieved from public databases.
All trees were generated using maximum likelihood method with 500
bootstraps. (A) 1TH/4 tree rooted using MoO isolate OM899905.1K e

Pathogenicity tests

The two randomly selected isolates, S2 N_BSand S72_F
HM from Busia and Homa Bay counties respectively
exhibited varying levels of pathogenicity across the 18 host
differentials (Table 4). The typical symptom observed on
the leaves of sensitive finger millet accessions were similar
to the symptoms observed in the field (Fig. 2). Significant
(P<0.001) differences were observed for the number of
lesions, lesion size and blast severity score for the 18 host
differentials evaluated (Table 5). Infections with both iso-
lates resulted in observed symptoms across all the 18 host
differentials (Table 4). Based on ascale of 1-9 (Fig. 2; Babu
et al. 2013). The genotypes were classified as resistant (R) if
the average severity ranking was 1-3.0, moderately resistant
(MR) if the rating was 3.1-5.0, susceptible (S) if the ranking

@ Springer

Rc N. Isolates with black stars appear as variants from the same clus-
ter. The 3 major clusters are labeled while a sub-cluster is highlighted
in blue color under cluster 11. (B) Pot2a tree rooted using MoO iso-
late OK236381.1l1d_Rc_L. Potential variants are highlighted in green
circles. (C) Pfh2 tree rooted using MoT isolate CP060330.1BV_Wh_H

was 5.1-7.0 and highly susceptible (HS) if the ranking was
7.1-9.0 (Table 4). Five genotypes (IE3973, IE5812, |E546,
IE6321, IE5635) revealed a consistent R response between
both isolates, three genotypes (OKHALE-1, IE501, |E2008)
were consistently MR while 2 genotypes (ICFV182427
KNE741 and MS18 1E2187) were consistently S across
S2 N_BS and S72_F HM isolates (Table 4). Two geno-
types (ICFV182427 and 1E2187) were HS in one and S
in the other isolate. Other than ICFV182512 that was S
against S2 N _BShut Ragainst S72_ F HM, all the remain-
ing genotypes were either /R to one isolate and MR to the
other (Table 4). Our results confirmed the co-existence of
other fungal pathogens on the same tissues with MoE, and
reveal ed the distinctness of two randomly selected blast iso-
lates in their ability to cause disease across different finger
millet genotypes.
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Table 4 Discase response of finger millet host differentials following inoculation with two Magnaporthe oryzae isolates (S2 and S27) under in

vitro conditions

Finger millet S2_N_BS S72 F HM
accession No. of Length of Blast severity  Reaction* No. of Lesions Length of Blast severity  Reac-
Lesions Lesions score (1-9)Y Lesions score (1-9)Y tion”
1. 1E3973 0.67+0.58  2.27+1.98%9 2.33+0589 R 1+0.00° 1.99+0.67%9  3+0.00% R
2. ICFV 182427 267+058° 7.86+0.98° 833+058 HS 1.33+0.58%*  7.49+0.77°¢ 633+058° @ S
3. KNE741 2.33+0.58% 11.76+1.01®  6.33+058%¢ S 2.33+058  9.65+0.78%° 6.33+058% S
4.1E2187 2+0.0%° 14.20+028%  9+0.07 HS* 2+0.00% 11.21+0.88% 6.33+0.58%% &
5. 1ICFV182512 2.33+0.58%° 10.38+0.25%°  7+0.00*° S* 1.67+0.58%%  432+0.81%  3+0,0% R*
6. IKHULULE 1+0.00%° 5.78+1.09%¢9  3+0,00%9 R* 1+0.00° 5.78+1.09¢ 4.33+0.57%%% MR*
7. OKHALE-1 2.33+0.58%¢ 7.13+0.71°  54+0,00% MR 2+0.00%° 8.71+0.45% 5+0.00% MR
8. KNE628 1.33+058%° 813+0.71°¢  4.33+0.58%9 MR* 1.33+0.58%%  4,03+0.43%  3+0.009 R*
9. 1E5812 1.33+0.58%° 6.04+1.00°99  3+0.00%¢ R 1+0.00° 4.17+1.30%  3+0.00%% R
10. IE546 0.67+058* 362+3.19%9 233+0589 R 0.67+058¢  017+0.20¢ 1+0.00 R
11. 1E6321 0.67+0.58° 1.47+1.299 2.33+0589 R 0.67+0.58¢  059+0.61% 1.67+0.58% R
12. MS18 3+1.0° 7.85+1.00°  7+0.00%° S 1.33+0.58%% 7.29+061° 567+058% S
13. IE501 2.33+0.58% 808+287°“  567+0.58" MR 1+0.00° 5.92+352°¢ 433+0.58%€ MR
14. TZ1636 2+1.00%° 4.28+047%9  367+058%9 MR* 1+0.00° 0.97+1.689  1.67+0.58% R*
15. Ekama white 1+1.00%° 2.70+2.34%9  367+1.15%9 MR* 0.67+058¢  1.73+2039 233+058% R*
16. |IE593 1.67+0.58%° 1158+4.46®  7+0.00%* s 1.67+058%9 879+1.21%° 540,000 MR*
17. |E2008 2+1.00%¢ 4.34+091%9  367+058%9 MR 1+0.00° 4.34+091%  367+058° MR
18. IE5635 0.33+0.58°  0.85+1.48° 2.33+0589 R 1+0.00° 2.71+0.68%9  3+0.00% R
Control (SDW) 0° 09 1+0.0 o¢ 09 1+0.0

“Blast disease response was rated as either R=Resistant, MR=Moderately resistant, S=Susceptible, HS=Highly susceptible. SDW =Sterile

distilled water. Data are the means of three replicates

YDisease severity score is measured based on 1-9 scale, where 1-3 (R); 3.1-5 (MR); 5.1-7.0 (S); 7.1 -9 (HS); *highlights severity scores that

were different between the two isolates

Means of separation are indicated with superscript letter codes for the parameters tested. Same letter code indicates no significant difference

observed; Alpha=0.05

Table 5 ANOVA table showing levels of variation across genotypes
and their response to blast strains

Source of Df¥  No. of Length of Blast Sever-
Variation Lesions” Lesions” ity Score?
Genotype 17 4491e12™" <22e16™" <2216
M. oryzae 1 00017 1.029e-05"" 2566606
strain

Genotype x M. 0.0285" 0.0042"" 0.00021"""
oryzae strain

“The levels of significance were recorded as, ***Significant at
P<0.001; **Significant at P<0.01; *Significant at P<0.05;

YDF - Degrees of freedom
Discussion

The current study undertook a comprehensive morphologi-
cal and molecular identification of M. oryzae isolates from
seven finger millet growing counties in Kenya. Our results
indicate the difficulty in successful culturing of symptom-
atic M. oryzae samples from symptomatic tissues with a
success rate of 20% overall. This poor recovery rate has
been reported in other studies (Rajashekara et al. 2016), but
could also be due to the protocol used, the false identifica-
tion of blast symptoms, or the masking of blast by other
pathogens. Our isolation method (Longya et al. 2020) was

slightly modified from a relatively simple to use protocol for
isolating pure cultures of Magnaporthe spp. (Jiaet a. 2009).
Other protocolsthat have been used successfully includethe
spore-drop method (Palanna et a. 2023) and the glass pestle
method (Farman et a. 2017). The isolation of Magnaporthe
spp. fungus is reported to be a challenging task due to the
natural occurrence of the pathogen with many saprophytic
fungi (Prakash et al. 2016; Odeph et a. 2021). Given the
increasing interest in studying Magnaporthe spp., a more
reliable and reproducible protocol for in vitro isolation and
maintenance of cultures will need to be developed.

Blast isolates from this study exhibited extensive varia-
tion in their morphological features such as colony appear-
ance and conidia size. Despite the clear variation in the
morpho-cultural characteristics of the fungal isolates, the
pyriform conidia was a clear distinguishing feature for the
isolates identified as Magnaporthe spp. Severa studies
involving Magnaporthe spp. have reported the spore shape
to be pyriform irrespective of the host (Aruna et a. 2016;
Longyaet al. 2020; Palanna et al. 2024; Panda et a. 2017).
However, there are other known pathogens that show pyri-
form shape in culture including Alternaria spp. (He et al.
2024) and Curvularia spp. (Farooq et al. 2023). Our study
also identified several non-Eleusine isolates with pyriform
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conidia implying conidia shape alone would be insufficient
for identifying Magnaporthe spp. The other morphological
feature analysed was spore length, which ranged from 9.3
to 19 pm. The spore length of Magnaporthe spp. has been
reported to vary both within and across hosts (Longya et a.
2020; Palannaet al. 2024). MoE isolatesfrom Indiareported
spore length that ranged from 17.4 to 28.4 um (Palanna et
al. 2024). The spore length of M. oryzae Oryzae isolates
has also been shown to vary depending on regions. A study
of MoO in India reported spore length ranging from 18 to
25 um (Vanaraj et al. 2013) while others reported 20-23 pm
in Mai (Mahamadou et a. 2022).

We aso observed no correlation between morphologi-
cal characteristics of the isolates and the tissue type or geo-
graphical distribution, consistent with other similar studies
(Palanna et al. 2024; Puri and Kumar 2012). The clustering
of most non-Eleusineisolates (27 out of 43) with Epicoccum
Spp. was not surprising. A similar study in Kenya (Muthomi
and Mutitu 2003) on wheat reported Epicoccum as the most
predominant fungus followed by Alternaria spp., a pattern
consistent with the current study. Epicoccum spp. have been
associated with diseases of 46 plant species with leaf spot
as the most common symptom (Taguiam et al. 2021), which
makes it possible to confuse its symptom with that of blast.
An alternative study characterizing fungal isolates from fin-
ger millet in Kenya also reported the identification of Epi-
coccum spp. alongside Curvularia, Phoma and Alternaria
spp. from finger millet using ITS and 28 S rDNA primers
(Odeph et al. 2021). The high number of Epicoccumisolates
will require further analysis given their likely economic
importance as disease causing agents (Shi et al. 2024).

Our results provide evidence that morphological charac-
terization alone is not sufficient to identify blast isolates as
MoE. However, the pyriform feature could be used asan ini-
tial elimination step before proceeding for molecular analy-
sis. Molecular analysis was therefore crucial for the robust
identification of the isolates. We chose three fungal -specific
and species-specific primers for molecular identification of
M. oryzae. ITS5/4 region has been previously used for the
detection, identification, and classification of Magnaporthe
isolates (Abed-Ashtiani et a. 2016; Hirata et a. 2007,
Palanna et al. 2024) and found suitable to identify Magna-
porthe at the species, or lower level (Abed-Ashtiani et al.
2016). The ITS5/4 sequences of MoE isolates generated in
the current study were clearly distinct from those previously
sequenced from foxtail millet, rice and wheat. The avail-
ability of sequences from other related species for 1TS5/4
in public databases made it possible to eliminate isolates
that were likely Curvularia spp., Epicoccum spp., Phoma
spp., Alternaria spp., Arthrinium spp., and Nigrospora spp.
However, this was not the case for amplicons generated
using Pfh2 primer due to the lack of publicly available Pfh2
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sequences for Epicoccum spp., Alternaria spp. and Curvu-
laria spp. Pot2a primers validated true Eleusine isolates in
combination with 1TS5/4. This result was consistent with
previous studies where Pot2a primers amplified isolates
of Triticum, Setaria, Eleusine and Lolium spp. (Pieck et al.
2017). We therefore recommend the combination of mor-
phological characterization with 1TS5/4 aswell as Pot2a for
true identification of MOE isolates.

Species-specific PCR detection tools have been adapted
for rapid diagnosis of various M. oryzae pathotypes. For
instance, MoT primers have been shown to be specific to
wheat and Bromus spp. pathotypes (Pieck et al. 2017).
The Pfh2 primer has been used successfully to amplify a
region of 687 bp of Pot2 transposon in M. oryzae pathot-
ypes collected from rye grass, wheat and rice (Gupta et al.
2020; Harmon et al. 2003; Terensan et al. 2022. In the cur-
rent study we tested the specificity of Pfh2 on MoE isolates
for the first time. Pfh2 primer amplified MOE, Epicoccum
spp., Curvularia spp. and Alternaria spp. indicating that the
primer is non-specific, contrary to earlier reports that it only
amplifies Magnaporthe spp. (Gupta et al. 2020; Harmon et
a. 2003). We therefore do not recommend the use of Pfh2
primer in future studies for its lack of specificity in amplify-
ing M. oryzae pathogens only and the failure to differentiate
the MoE isolates.

The findings from all the three primer pairs alongside the
morphological analysis indicate that MoE isolates co-exist
with other fungal pathogens, six species of which could be
identified. Previous studies also reported co-existence of
blast disease in Kenya with Curwvularia spp., Epicoccum
spp. and Alternaria spp. (Odeph et al. 2021). It is not clear
if some of the additional pathogens enhanced or masked
the blast symptoms observed. Curvularia trifolii, one of
the pathogens that clustered with an isolate collected from
neck tissue in Kisii County, has been reported to cause leaf
spot symptoms in turfgrasses (Agrostis spp.) (Coelho et al.
2020; Falloon 1976). Curvularia eleusinicola was recently
reported as anovel species associated with cereal crops and
weedy grass hosts (Ferdinandez et a. 2021). These reports
suggest that further characterization of the additional fungal
species identified in our study will need to be done to assess
their economic relevance.

Further genetic diversity analysis of the identified MOE
isolates was possible using ITSH/4 and Pot2a sequences.
The results from both gene amplicons indicated potential
existence of different variants/pathotypes within Kenya,
although additional analysis will be required for validation.
In addition to the pathogenicity studies done in the current
study, future investigations will need to strategically select
representative isolates from each of the clusters generated
from the ITS5/4 and Pot2a analysis to confirm potential
virulence differences. Obvious targets would be the isolates
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appearing as variants from the 1TS5/4 clustering and those
that were highlighted in green under Pot2a clustering. Test-
ing these selected isolates across the current set of 18 geno-
types as differentials would create a reference baseline for
future blast pathotype characterization in Kenya. The two
isolates (S2_N_BS and S72_F HM) that were used for
pathogenicity tests will make a good set of control when the
same germplasmis used.

The variation in response of finger millet genotypes to
the two isolates tested in this study suggests different levels
of cultivar resistance/susceptibility. Our preliminary results
indicate that the different isolates are likely to elicit differ-
ent host reactions in the field. This calls for isolate specific
characterization of MoE in the future in order to ensure that
resistant genotypes are devel oped based on the predominant
virulent isolate in the target regions. Further variation analy-
sisfor therest of theisolates would be necessary to establish
their differences and infer on the population structure of the
isolates from Kenya. Diversity of the pathogen is attributed
to horizontal gene transfer, natural and stress-induced trans-
position (Chadha and Gopalakrishna 2005). Reports of gen-
otype variationsin their response to blast disease have been
reported in previous studies in Kenya (Dida et al. 2021;
Manyasa et a. 2019; Wekesa et al. 2019). The selected set
of 18 diverse genotypes will need to be refined further based
on their responses to different isolates. Blast is considered
the most destructive fungal disease of finger millet and bet-
ter understanding of the pathogenicity of distinct isolates
will be important to guide breeders in the development of
broad-spectrum and durable blast-resistant varieties.

This study demonstrated the need to use more than one
method to correctly identify blast isolates collected from
symptomatic finger millet grown across different regions
of Kenya. Our results have significant implications for the
finger millet community based on the differences observed
in the pathogen and the host. The information generated
in the present study should be exploited in the future to
enable comprehensive genetic diversity analysis of isolates
from different regions and the characterization of potential
pathotypes. The distinctness of the confirmed 46 MOE iso-
latesin their pathogenicity will need to be tested as baseline
for future pathogen evolution studies, in the same way that
has been done in other magjor crops such as rice and wheat.

Conclusions

This study demonstrated the existence of morpho-cultural
and genetic variation among isolates collected from differ-
ent finger millet growing counties of Kenya. Our results
have significant implications for the finger millet commu-
nity based on the differences observed in the pathogen and

the host. The information generated in the present study
should be exploited in the future development of breeding
strategies to manage finger millet blast disease. The distinct-
ness of the confirmed 46 MOE isolatesin their pathogenicity
will need to be tested as baseline for future pathogen evolu-
tion studies, in the same way that has been done in other
major crops such as rice and wheat.
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