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Sheath rot of rice, caused by Sarocladium oryzae, is an important emerging rice disease not only in Rwanda,
but also in other rice-growing countries. Given that cultivar resistance is a sustainable management strategy
for small-scale farmers, the aim of this study was to identify genetically distant parental materials for sheath rot
resistance breeding. Ten resistant and fifteen susceptible accessions were analysed using 94 single nucleotide
polymorphism (SNP) markers. The number of alleles amplified per locus ranged from 1 to 4 with a mean of 2.01
and a total of 189 alleles detected from the 25 genotypes. The number of observations per marker locus ranged
from 11 to 25 with an average of 23. The mean major allele frequency was 76.2%, whereas the mean polymorphic
information content was 0.263, and gene diversity was estimated at 0.325. Consequently, the markers were highly
informative and revealed good estimates of genetic diversity among the studied accessions. Genetic distances
ranged from 0 to 0.63 and a UPGMA dendrogram distinguished resistant and susceptible genotypes. This study
revealed the possibility of improving resistance to sheath rot with minimum risk of genetic depression or reduced
variability among progenies through hybridisation of locally adapted germplasm.
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Introduction

Sheath rot of rice (ShR), caused by the seed-borne fungal
pathogen Sarocladium oryzae (Sawada) W.Gams &
D.Hawksw., is one of the most important emerging and
devastating diseases in rice-growing regions (Lanoiselet
2012; Hittalmani et al. 2016). Losses range between 26%
and 50%, but higher yield losses of up to 85% have been
recorded (Sakthivel 2001). The disease is currently among
many diseases that were formerly considered as minor,
but have recently acquired the status of major diseases
(Ngala and Adeniji 1986). This is probably due to changes
in cultivation practices resulting from the Green Revolution,
on one hand, and from the apparent climate change effects,
on the other hand (Madhav et al. 2013). In addition, crop
intensification practices, such as increased plant density,
high application rates of nitrogen fertilisers, and the use of
semi-dwarf and photoperiod-insensitive cultivars, favour
the susceptibility of rice to some diseases including ShR
(Bigirimana et al. 2015).

Management of ShR relies on the integration of chemicals
with cultural practices. However, according to Ayyadurai
et al. (2005), fungicide treatments have not been effective
under some farming conditions or are very expensive
as well as harmful to the environment. In the same
context, biological control has been of limited effective-
ness due to variability of antagonists under field conditions
(Gnanamanickam 2009). Therefore, the most sustainable

solution is the development and deployment of resistant
cultivars, as this is easy for farmers to adopt at no additional
cost and is environmentally friendly.

Although a number of resistant cultivars have been
developed in different countries (Lakshmanan and
Velusamy 1991; Pearce et al. 2001), most of them have
failed to adapt to harsh environmental conditions of
ecosystems into which they are introduced (Linares 2002).
There is, therefore, a need to develop resistant genotypes
using locally adapted parents. In this regard, breeding for
sheath rot resistance requires the identification of sufficiently
genetically distant parental materials for hybridisation. This
approach aims at avoiding both genetic depression and a
reduction of genetic variability in subsequent progenies.

Consequently, based on this observation, an assess-
ment of genetic diversity, relationships and structure within
a given set of germplasm is useful in plant breeding. This
would provide information to assist in (1) selection of
parental combinations for development of progenies with
maximum genetic variability for genetic mapping or further
selection, (2) determination of the level of genetic variability
when defining core subsets selected for specific traits, and
(3) estimation of possible loss of genetic diversity during
conservation or selection programs (Reif et al. 2005).

Morphological characterisation of rice germplasm has
been regarded as a central component of plant breeding
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programs that facilitates selections, study of traits genetics,
association of markers with traits and understanding traits
diversity (Nascimento et al. 2011). Despite their usefulness,
morphometric markers lead to more reliable indications
when coupled with molecular markers (Kilian and Graner
2012). Molecular markers are particularly useful for the
evaluation of genetic diversity in various crop species
with a narrow genetic base (Soleimani et al. 2002). More
recently, single nucleotide polymorphism (SNP) markers
have acquired significant consideration in genetic diversity
studies. This is because they are bi-allelic in nature and
occur at a much higher frequency in the genome than any
other markers (Ren et al. 2013).

This study was, therefore, undertaken to (1) provide
substantial information to maintain and use locally available
rice genetic resources in breeding, and (2) identify
genetically distant parental materials to be utilised in
various cultivar improvement programs with regard to resist-
ance to ShR using SNP markers.

Materials and methods

Plant materials, DNA extraction and SNP genotyping
Plant materials used in this study comprised 25 rice
accessions that were selected in cultivar improve-
ment programs directed towards resistance to ShR. The
selection of the genotypes was based on agromorphological
attributes, reaction to ShR of rice as well as farmer and
consumer preferences. The key agronomical characteristics
of the assessed accessions, which were derived from a
separate study on germplasm screening for resistance to
ShR by Mvuyekure (2016), are given in Table 1. The latter
study was carried out at the Rwanda Agriculture Board’s
rice research site located in Rurambi (02°02'23.53" S,
30°10'58.92" E; 1 340 m above sea level).

Leaf samples for DNA extraction were collected
from 30-day-old seedlings using the LGC genomics
plant sample collection kit (http://www.lgcgroup.com/
plant-kit/#.VsbOKFR971U) and shipped to LGC Genomics,
Hoddesdon, UK. DNA extraction and all SNPs genotyping
processes were performed by LGC genomics, according
to their validated protocol and working conditions. Genetic
diversity among 10 ShR resistant and 15 susceptible
cultivars was assessed using 94 SNPs that were obtained
from the Integrated Plant Breeding Platform (https://www.
integratedbreeding.net/544/communities/genomics-
crop-info/crop-information/gcp-kaspar-snp-markers/
crop-snp-markers/rice?map=1).

Selection of the SNPs was guided by factors that
included an even distribution along all 12 linkage groups
corresponding to the 12 rice chromosomes. While each
linkage group contains between 100 and 120 markers,
7-9 markers were randomly and evenly chosen from each
linkage group for this study.

A list of the selected SNPs is given in Table 2.

Data analysis

Genotyping data were analysed using Power Marker 3.25
for estimation of SNPs summary statistics, including allele
number, major allele frequency, heterozygosity, number
of observed genotypes per marker locus, gene diversity,

polymorphic information content (PIC) and Nei frequency-
based distance (Nei et al. 1983), as described by Liu and
Muse (2005). Based on this distance, an unweighted pair
group method with arithmetic mean (UPGMA) dendro-
gram was constructed using Mega 5.2 software for cluster
analysis (Hall 2013) to evaluate relationship groups among
the accessions.

Results

Polymorphism of SNP markers

The summary SNP statistics are presented in Table 2.
Results indicated that 90.4% of marker alleles (85 markers
out of 94) were polymorphic, whereas nine markers out of
the 94 SNPs were monomorphic. The number of observa-
tions for a marker locus or the number of non-missing
genotypes observed in the sample ranged from 11 to 25
with an average of 23. A genotype is generally regarded
as missing if one of its two alleles is missing. The number
of alleles amplified per locus varied between one and four.
A total of 189 alleles were amplified with an average of 2.01
alleles per locus in the 25 accessions.

The major allele frequency ranged from 50% to
100% with an average of 76.2%. More than 60% of the
polymorphic loci showed a major allele frequency higher
than 70% and 11 loci showed more than 90%. The mean
PIC value for markers was 0.263 with a range between 0
(monomorphism) and 0.555. On the basis of the marker
informative levels established by Botstein et al. (1980),
48 markers (51.06%) were highly informative, 21 (22.3%)
reasonably informative and 12 (15.8%) were not informative.

Heterozygosity, which is a measure of allelic diversity
at a locus, ranged from 0.018 to 0.160, and its expected
estimations or gene diversity ranged from 0 to 61.2% with
a mean gene diversity of 32.5%. Therefore, the high allelic
richness coupled with estimates of gene diversity indicated a
high level of genetic diversity among the studied genotypes.

Genetic distance among accessions

The average genetic distances between and within
indical/japonica rice groups are presented in Table 3. The
least distance (0) was recorded between Ndamirabana
(G18) and Gakire (G27); both cultivars belong to the
indica group. This was followed by the distance between
Rumbuka (G53) and Yunkeng (G40), which belong to the
indica and japonica groups, respectively. The greatest
distance (0.63) was recorded between Yunyine (G24)
and Tetep (G60), from the japonica and indica groups,
respectively. Yunyine recorded a high genetic distance
(>0.5) with most of the genotypes (19 genotypes) except
Zongeng (G7), Yunertian (G6), Yunkeng (G40), Fac
56 (G12), Rumbuka (G53) and Moroberekan (G59). In
general, genetic distance clearly distinguished japonica
and indica accessions at a broad scale, but also revealed
the least distances within subspecies and greatest
distances between subspecies.

Cluster analysis and relationship groups

The Nei frequency-based distance was used to assess
similarities between the accessions and construct a
UPGMA dendrogram for evaluation of relationship groups.
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Table 1: Key agronomic features of sheath rot resistant and susceptible accessions used in the study
. Cultlyar Panicle Plant Tillering Weight Grain
Code Genotype Subspecies reaction . - of 1000
exsertion stature ability . length
to ShR grains
2 Intsindagirabigega  Indica Moderately Just exserted Short Intermediate 2498 Long
susceptible
4 Imbarurabukungu Indica Moderately Partly exserted Short Intermediate 22.81 Long
susceptible
6 Yunertian Japonica Resistant Well exserted Intermediate Low 23.98 Medium
to long
7 Zongeng Japonica Resistant Moderately well Intermediate Intermediate 22.53 Short
exserted to long
12 Fac 56 Indica Susceptible Partly exserted Short Intermediate 2476 Long
15 Jyambere Indica Susceptible Enclosed Short Intermediate 21.93 Long
16 Posiyani Indica Moderately Moderately well Intermediate Low 24.88 Short
susceptible exserted to long
18 Ndamirabana Indica Highly Partly exserted Short Intermediate 22.6 Long
susceptible
19 Fashingabo Indica Susceptible Partly exserted Short Low 22.07 Long
24 Yunyine Japonica Resistant Well exserted Intermediate Intermediate 23.96  Short
to long
25 Nerica 1 O. glaberrima  Resistant Moderately well Short to Low 24.08 Medium
x O. sativa exserted intermediate
27 Gakire Indica Susceptible Enclosed Short Low 24.74 Long
31 Ndengera Indica Susceptible Partly exserted Short Intermediate 24.51 Medium
32 Buryohe Indica Highly Partly exserted Short Intermediate 25.06 Long
susceptible
33 Intsinzi Indica Susceptible Enclosed Short to Low 23.61 Medium
intermediate
34 Kimaranzara Indica Moderately Just exserted Short to Low 2569 Medium
susceptible intermediate
40 Yunkeng Japonica Resistant Well exserted Intermediate Low 25.66 Short
to long
43 Nyiragikara Unknown Highly Well exserted Intermediate Intermediate 26.16  Short
resistant to long
44 Nerica 10 O. glaberrima  Moderately Moderately well Short to Low 22.2 Medium
x O. sativa Resistant exserted intermediate
48 Cyicaro Indica Resistant Moderately well Short to Intermediate 2413  Short
exserted intermediate
50 Ndamirabahinzi Indica Highly Partly exserted Intermediate Low 241 Medium
susceptible to long
51 Mpembuke Indica Moderately Partly exserted Intermediate Low 25.79 Long
susceptible
53 Rumbuka Indica Highly Just exserted Intermediate Low 20.34 Long
susceptible to long
59 Moroberekan O. glaberrima  Resistant Well exserted Intermediate Intermediate 20.99 Short
to long
60 Tetep Unknown Resistant Just exserted Short to Intermediate 241 Medium

intermediate
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Table 2: Summary statistics for the SNPs used in the study. PIC = polymorphism information content

Marker Major allele Genotype Sample Number of Allele Qeng Heterozygosity PIC
frequency number size observations number diversity

K_id1002308 0.600 2 25 25 2 0.480 0 0.365
K_id1006954 0.667 2 25 24 2 0.444 0 0.346
K_id1008787 0.848 3 25 23 2 0.258 0.043 0.225
K_id1011568 0.560 3 25 25 2 0.493 0.080 0.371
K_id1014143 0.545 4 25 11 4 0.612 0 0.555
K_id1024233 0.545 3 25 22 2 0.496 0.091 0.373
K_id1025888 0.820 4 25 25 3 0.306 0.040 0.278
K_id1026656 0.960 2 25 25 2 0.077 0 0.074
K_id2000096 0.571 3 25 21 3 0.526 0 0.429
K_id2001992 0.841 3 25 22 2 0.268 0.045 0.232
K_id2004058 0.820 3 25 25 2 0.295 0.040 0.252
K_id2006621 0.720 2 25 25 2 0.403 0 0.322
K_id2007797 0.818 3 25 11 3 0.314 0 0.292
K_id2008480 0.880 2 25 25 2 0.211 0 0.189
K_id2010564 0.600 3 25 25 2 0.480 0.080 0.365
K_id2010969 0.696 3 25 23 3 0.446 0 0.378
K_id2013007 0.833 3 25 24 2 0.278 0.083 0.239
K_id3000111 0.700 3 25 25 2 0.420 0.040 0.332
K_id3002805 0.522 2 25 23 2 0.499 0 0.375
K_id3006808 0.708 2 25 24 2 0.413 0 0.328
K_id3007703 0.740 4 25 25 3 0.402 0.040 0.347
K_id3008390 0.714 3 25 21 3 0.431 0 0.370
K_id3010318 0.826 2 25 23 2 0.287 0 0.246
K_id3010628 0.913 2 25 23 2 0.159 0 0.146
K_id3013806 0.563 3 25 24 2 0.492 0.042 0.371
K_id3017084 0.905 3 25 21 3 0.177 0 0.169
K_id4001365 0.600 2 25 15 2 0.480 0 0.365
K_id4002780 0.543 3 25 23 2 0.496 0.043 0.373
K_id4004294 0.636 2 25 22 2 0.463 0 0.356
K_id4005120 0.636 2 25 22 2 0.463 0 0.356
K_id4005867 0.700 2 25 20 2 0.420 0 0.332
K_id4007444 0.587 3 25 23 2 0.485 0.043 0.367
K_id4010621 0.500 3 25 24 3 0.538 0 0.432
K_id4012434 0.714 2 25 21 2 0.408 0 0.325
K_id5000128 0.913 2 25 23 2 0.159 0 0.146
K_id5001534 0.920 2 25 25 2 0.147 0 0.136
K_id5003785 0.696 2 25 23 2 0.423 0 0.334
K_id5006332 0.565 2 25 23 2 0.491 0 0.371
K_id5007714 0.587 3 25 23 2 0.485 0.043 0.367
K_id5008723 1 1 25 18 1 0 0 0
K_id5011704 0.708 2 25 24 2 0.413 0 0.328
K_id5013100 0.696 2 25 23 2 0.423 0 0.334
K_id6000134 0.880 2 25 25 2 0.211 0 0.189
K_id6004862 1 1 25 22 1 0 0 0
K_id6007386 1 1 25 23 1 0 0 0
K_id6010534 0.909 2 25 22 2 0.165 0 0.152
K_id6012080 0.740 3 25 25 2 0.385 0.040 0.311
K_id6012658 0.860 3 25 25 2 0.241 0.040 0.212
K_id6016125 0.708 2 25 24 2 0.413 0 0.328
K_id6002535 0.880 2 25 25 2 0.211 0 0.189
K_id7000063 0.750 2 25 24 2 0.375 0 0.305
K_id7001596 0.913 2 25 23 2 0.159 0 0.146
K_id7002534 0.913 2 25 23 2 0.159 0 0.146
K_id7003748 0.600 2 25 25 2 0.480 0 0.365
K_id7004442 0.960 2 25 25 2 0.077 0 0.074
K_id7005111 0.842 2 25 19 2 0.266 0 0.231
K_id7005689 0.860 3 25 25 2 0.241 0.040 0.212
K_id8000131 0.625 2 25 24 2 0.469 0 0.359
K_id8001667 0.760 2 25 25 2 0.365 0 0.298
K_id8003220 0.761 3 25 23 2 0.364 0.043 0.298
K_id8004986 0.520 3 25 25 2 0.499 0.160 0.375
K_id8006032 0.750 2 25 24 2 0.375 0 0.305
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Table 2 (cont.)

Marker Major allele Genotype Sample Number of Allele Qeng Heterozygosity PIC
frequency number size observations number diversity

K_id8006950 0.826 2 25 23 2 0.287 0 0.246
K_id8007951 0.810 2 25 21 2 0.308 0 0.261
K_id9000045 1 1 25 19 1 0 0 0
K_id9001558 0.739 2 25 23 2 0.386 0 0.311
K_id9002532 0.604 3 25 24 2 0.478 0.042 0.364
K_id9003471 1 1 25 25 1 0 0 0
K_id9004347 0.739 2 25 23 2 0.386 0 0.311
K_id9005089 0.870 2 25 23 2 0.227 0 0.201
K_id9006757 1 1 25 19 1 0 0 0
K_id9007001 0.640 2 25 25 2 0.461 0 0.355
K_id9007259 0.700 3 25 25 2 0.420 0.040 0.332
K_id10000028 0.565 2 25 23 2 0.491 0 0.371
K_id10001624 0.580 3 25 25 2 0.487 0.040 0.369
K_id10002912 0.660 3 25 25 2 0.449 0.040 0.348
K_id10004275 1 1 25 25 1 0 0 0
K_id11000399 0.804 3 25 23 2 0.315 0.043 0.265
K_id11001993 1 1 25 25 1 0 0 0
K_id11003845 0.935 2 25 23 2 0.122 0.130 0.114
K_id11005657 0.813 2 25 16 2 0.305 0 0.258
K_id11006897 0.960 2 25 25 2 0.077 0 0.074
K_id11007625 0.848 3 25 23 2 0.258 0.130 0.225
K_id11008403 1 1 25 25 1 0 0 0
K_id11008862 0.640 2 25 25 2 0.461 0 0.355
K_id11010309 0.771 3 25 24 2 0.353 0.125 0.291
K_id12000266 0.750 2 25 24 2 0.375 0 0.305
K_id12001996 0.773 2 25 22 2 0.351 0 0.290
K_id12004271 0.583 2 25 24 2 0.486 0 0.368
K_id12005822 0.917 2 25 24 2 0.153 0 0.141
K_id12006560 0.708 2 25 24 2 0.413 0 0.328
K_id12008285 0.650 2 25 20 2 0.455 0 0.351
K_id12008894 0.875 2 25 24 2 0.219 0 0.195
K_id12006515 0.739 2 25 23 2 0.386 0 0.311
Mean 0.762 2.2872 25 23 2.0106 0.325 0.018 0.263

Table 3: Nei frequency-based distances among the studied germplasm

G12 G15 G16 G18 G19 G2 G24 G25 G27 G31

G32 (33 G34 G4 G40 G43 G44 G48 G50 G51

G53 G59 G6 G60 G7

G12

G15 0.28

G16  0.25 0.04
G18 034 0.22
G19 025 0.20
G2 023 017
G24 026 0.61
G25 032 0.28
G27 029 0.20
G31 031 027
G32 026 027
G33 035 0.19
G34 036 0.28
G4 026 0.14
G40 027 0.46
G43 012 0.23
G44 023 0.19
G48 024 0.16
G50 020 0.11
G51  0.25 0.10
G53  0.34 0.49
G59 032 048
G6 015 0.60
G60 025 0.18
G7 023 0.58

0.25
0.21
0.23
0.61
0.29
0.24
0.28
0.26
0.21
0.33
0.18
0.45
0.24
0.22
0.21
0.13
0.15
0.47
0.48
0.57
0.22
0.59

0.32

026 0.24
0.57 0.60
0.28 0.20
0.00 0.29
025 0.25
029 0.25
0.28 0.19
0.33 0.28
017 0.22
0.48 0.41
029 0.19
023 0.17
020 0.23
0.18 0.15
021 0.22
0.49 042
051 044
0.57 0.53
026 0.22
0.56 0.58

0.54
0.24
0.24
0.19
0.28
0.19
0.31
0.16
0.45
0.20
0.12
0.20
0.06
0.15
0.45
0.47
0.52
0.12
0.51

0.61
0.56
0.60
0.57
0.58
0.59
0.61
0.36
0.55
0.56
0.52
0.58
0.60
0.42
0.39
0.13
0.63
0.19

0.29
0.07
0.29
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0.50
0.23
0.21
0.30
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0.27
0.47
0.52
0.56
0.22
0.57
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0.27
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0.17
0.47
0.26
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0.19
0.17
0.19
0.47
0.50
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0.31
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0.46
0.22
0.23
0.24
0.16
0.22
0.42
0.48
0.55
0.21
0.56

0.24
0.31
0.26
0.39
0.22
0.19
0.28
0.17
0.26
0.41
0.44
0.51
0.22
0.53

0.33
0.21
0.44
0.25
0.22
0.26
0.18
0.21
0.40
0.47
0.59
0.24
0.62

0.25
0.45
0.31
0.32
0.27
0.23
0.26
0.53
0.50
0.59
0.31
0.61

0.44
0.26
0.23
0.13
0.08
0.03
0.46
0.46
0.56
0.24
0.56

0.45
0.44
0.41
0.40
0.42
0.18
0.05
0.30
0.48
0.37

0.15
0.24
0.15
0.26
0.43
0.50
0.51
0.16
0.54

0.22
0.04
0.21
0.43
0.47
0.51
0.05
0.50

0.13
0.10
0.45
0.43
0.54
0.20
0.57

0.05
0.39
043
0.51
0.05
0.50

0.43
0.45
0.55
0.20
0.56

0.20

0.38 0.31
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Figure 1: UPGMA dendrogram of sheath rot resistant and susceptible genotypes of rice based on Nei genetic distance

The dendrogram in Figure 1 summarises evolutionary
relationships among the genotypes and categorises them
into distinct genetic groups. In the dendrogram, nodes
represent different genotypes, whereas branches are
graphical estimates of the genetic distance between the
genotypes, thus indicating genetic relationships between
the genotypes. In the dendrogram, accessions were
separated into two major groups. Accessions placed in
cluster | were morphologically similar to indica rice, whereas
accessions placed in cluster J were morphologically close
to japonica rice.

However, a number of exceptions to these groupings
were observed. For instance, accessions such as Nerica 1
and Nerica 10 placed in cluster | are not indica rice cultivars
but hybrids between Oryza glaberrima and Oryza sativa.
These accessions are reported to be resistant to sheath
rot of rice (Mvuyekure 2016), in contrast to the remainder
of the group. Similarly, Moroberekan was genetically similar
to japonica-type accessions, although it is an accession of

Oryza glaberrima. Japonica genotypes are easily distin-
guished by their tall plant stature, well-exserted panicles and
short grains, and more particularly by their resistance to ShR
compared with indica-type cultivars. Susceptible genotypes
of the indica group in the same cluster were more genetically
similar, whereas those in different clusters were genetically
dissimilar. This was the case, for instance, for Rumbuka and
Kimaranzara, which are both indica types but showed a high
degree of dissimilarity.

Based on morphological characteristics of the studied
genotypes and the Nei similarity matrix (Table 3), the
dendrogram in Figure 1 revealed two accessions,
Ndamirabana and Gakire, that were previously believed to
be different cultivars and showed a high degree of similarity
with a very small genetic distance between them. Although
Rumbuka and Moroberekan were clustered with the japonica
rice types, they actually belong to the indica type and Oryza
glaberrima, respectively. As far as resistance to ShR is
concerned, the most susceptible cultivars were placed in
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cluster I, except for Nerica 1 and 10 and Nyiragikara, which
are resistant to ShR. Most of the resistant genotypes were
placed in cluster J except for Rumbuka.

Discussion

Accurate identification of genetic relationship and
divergence of genetic resources is most useful for efficient
choice of parental materials in breeding and genetic
conservation strategies (Guimaraes 2009). This would
assist in minimising the use of closely related parents
in breeding programs, which might lead to a high risk of
genetic depression and reduced genetic variation (Weddell
2002). The present investigation was, therefore, conducted
to establish the genetic variability and relationships among
25 selected rice accessions or which are 10 resistant and
15 susceptible to ShR. This was an attempt to identify
potential parental materials suitable for various hybridisation
processes, with particular regard to resistance to ShR. To
this end, SNPs were used because of their low cost per
data point, high genomic abundance, locus-specificity,
co-dominance, high-throughput analysis and lower
genotyping error rates (Rafalski 2002).

Singh et al. (2013) indicated that polymorphism
frequencies are an important criterion that can be used to
assess the value of markers for germplasm characterisation.
In this regard, 85 out of the 94 (90.4%) SNP markers used
provided adequate informative polymorphism to evaluate
genetic diversity of the studied accessions. Moreover, high
values of heterozygosity and PIC statistics are a sign of
marker informativeness, which is a desirable property in
linkage association tests (Boopathi 2013). As heterozygosity
is a measure of genetic variation within a population, its high
average at a locus could be expected to correlate with high
levels of genetic variation at loci with critical importance for
adaptive response to environmental changes (Ojango et
al. 2011). The results of this study are in close agreement
with findings by Chen et al. (2011), who performed SNP
genotyping on more than 300 rice inbred lines and obtained
an average mean PIC value of 0.277 and 0.35 gene
diversity compared with 0.25 and 0.32 for PIC and gene
diversity, respectively, in the present study. However, mean
allele number and PIC values were relatively low compared
with other genetic diversity studies where SNPs were used.
One of the reasons for low allelic variation may be due to
the use of already released and locally adapted cultivars
that have been exposed to high selection pressure, instead
of landraces, wild relatives or segregating populations (Ram
et al. 2007; Thomson et al. 2007).

In their study comparing the effectiveness of SSR and
SNP markers in estimation of genetic diversity in rice,
Singh et al. (2013) obtained PIC values ranging from 0.03
to 0.37 with an average PIC of 0.23 using SNP markers.
These values were slightly below the values obtained in
the present study. However, Singh et al. (2013) indicated
that because of the bi-allelic nature of SNPs, PIC values
can range from 0 to 0.5, compared with SSR markers
which are multi-allelic and can have PIC values above
0.5 and up to 1.0. Consequently, results from the present
study demonstrated that the set of SNPs used were
sufficiently informative and can thus be used as a tool for

large-scale genotyping in rice molecular breeding research
involving japonica x japonica, indica x japonica and
indica x indica crosses.

Based on the cluster analysis, SNP markers in the
present study were useful in revealing two distinct major
genetic groups. This may enable breeders to design
targeted crosses for development of ShR-resistant
genotypes, while conserving genetic diversity. The
polymorphism observed in this study can also be attributed
to the fact that the germplasm consisted of morpho-
logically diverse subspecies of Oryza sativa, that is,
subspp. japonica and indica. Obviously, indica and
japonica have evolved from two partially isolated gene
pools (Vaughan et al. 2008). Being adapted to different
environments, indica and japonica cultivars have diverse
morphological, agronomical, physiological and molecular
characteristics (Oka and Morishima 1982; Lin et al. 2012)
that provide valuable genetic resources for hybridisation in
various breeding programmes.

Clear SNPs-based distinction between the indica and
japonica subspecies of Oryza sativa has been previously
described by Feltus et al. (2004) and Chen et al. (2011). In
these studies, SNP markers revealed some common and
contrasting patterns of haplotype diversity along different
rice chromosomes in the indica and japonica accessions,
which suggest different evolutionary forces possibly acting
in specific regions of the rice genome during domestication
and evolution of rice. In a different study, subgroups within
the indica group based on SSR and SNP markers were
reported by Singh et al. (2013).

Within the indica and japonica types, variability is
probably a result of pedigrees that evolved in different gene
pools in the same subspecies, as suggested by Lu et al.
(2009). The indica cultivars from the International Rice
Research Institute, The Philippines, were closely related
because of selection under similar environments for specific
breeding aims (Lin et al. 2012). Moreover, in the present
study Rumbuka and Moroberekan were clustered with
japonica accessions, but are accessions of indica rice and
Oryza glaberrima, respectively’. The Nerica cultivars were
indicated to have a close relationship with indica accessions
but actually are crosses between Oryza glaberrima and
O. sativa. This finding indicates that the Nerica cultivars
may possess an indica genome in their parental genomic
make up. In the same context, Rumbuka is indicated to
possess, in its pedigree, a parental genome very close to
subsp. japonica and, therefore, is doubtfully classified as
an indica rice type, as previously reported by Ndikumana
and Gasore (2010). The close relationship between
Moroberakan and japonica cultivars has also been reported
by McNally et al. (2009) and Arai-Kichise et al. (2014). This
is an indication that morphological classification must be
coupled with molecular characterisation to avoid biased
assumptions. This corroborates suggestions by Lu et
al. (2009), according to which molecular markers are not
developed specifically based on differences between the
two subspecies of rice and, therefore, diverse results are
often obtained when molecular markers are used for identi-
fication of indica and japonica rice cultivars. Despite this
observation, molecular markers are still useful in clustering
the two subspecies into two separate groups.
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Regarding ShR disease, given that indica types are
generally susceptible and japonica cultivars show different
levels of resistance, the genetic diversity among both
groups as confirmed by SNP markers is a new development
towards cultivar improvement in rice for resistance to the
disease. Cultivars at both ends of the dendrogram can be
considered as potential parental materials for this purpose
in any breeding strategy used. For instance, hybridisation
programs targeting improvement of indica cultivars used
in this study for ShR, except Rumbuka, should involve
cultivars such as Yunyine, Yunertian and Moroberekan
due to their genetic distances. This could lead to reduced
risks of genetic depression and increased diversity in the
resulting progenies.

Conclusion

This study concluded that 85 out of the 94 SNPs markers
used were highly informative and sufficiently polymorphic
to distinguish relationship groups from 25 rice cultivars
that are being considered as potential parental lines in
breeding for sheath rot resistance programs. The studied
accessions revealed the existence of high genetic variability
that can be exploited for crop improvement with minimised
risks of genetic depression and reduced diversity among
progenies. The information generated will contribute signifi-
cantly to further breeding studies mainly in determination of
gene action and nature of inheritance governing resistance
to sheath rot. It will also be helpful to design an adequate
breeding strategy to introgress sheath rot resistance genes
into popular cultivars. As a result, three cultivars, namely
Yunyine, Yunertian and Moroberekan, are recommended
as good candidate sources of resistance genes for improve-
ment of most of the indica cultivars, except Rumbuka.
The improvement of Rumbuka, as a cultivar of high yield
potential, should lead to better results when hybridised
with Nyiragikara. In conclusion, these are valuable findings
that will give a head start to the rice breeding program
in Rwanda towards breeding for resistance to sheath
rot disease and the sources of resistance can also be
shared with other breeding programs where the disease is
becoming a problem.
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