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Currently, rice is regarded as one of the most important food crops in Ethiopia primarily
due to its multitude of uses. However, domestic production has not yet met the growing
demand for rice and hence filled by huge annual import. In response, efforts are underway
to curb the situation, one of which is improving productivity through use of rice genetic
resources in breeding. Since the first introduction, several rice germplasms have been
introduced into Ethiopia. Details of these genetic resources including native wild rice are
not well studied to make use of them to address currently pressing challenges such as low
productivity and blast outbreak. In view of this, four research experiments including two
molecular based experiments, one green house and another one field experiment were
carried out from 2017 to 2019. The objectives of the study were to investigate genetic
diversity and characterize Ethiopian rice cultivars based on molecular markers and
morpho-physiological characters, assess phenotypic variation for blast resistance in
Ethiopian rice cultivars using differential system, study genetic variation in Ethiopian rice
cultivars based agronomic traits and elucidate maternal lineage, genetic diversity and
population structure of wild rice from Ethiopia using chloroplast and nuclear DNA markers.

The first experiment evaluated 79 rice accessions using fifty SSR and four INDEL
markers. They were also evaluated for phenol reaction. Sixty Ethiopian accessions out of
79 were characterized for alkali digestibility and apparent amylose content. A total of 351
alleles with a mean of 7.02 alleles per locus, ranging from 2 to 13 alleles per locus were
observed. Genetic diversity as expected heterozygosity ranged from 0.23 to 0.88, with
mean of 0.65. Improved and landrace populations separately showed genetic diversity of
0.55 and 0.48, respectively which indicated relatively their high genetic diversity.
Accessions were classified into two major clusters corresponding to Japonica and Indica.



Phenol reaction also classified accessions into Japonica and Indica groups. However,
examination using nuclear INDEL markers revealed that most accessions are recombinant
types with only few identified as Japonica and Indica. Population structure analysis also
classified accessions into three subgroups corresponding Japonica, Indica and recombinant
groups. In alkali digestibility and apparent amylose content characterization, most
Ethiopian accessions showed intermediate value for both characters while some others
showed high or low estimated values. In this experiment, relatively high genetic diversity
coupled with clustering information of accessions is pertinent for selection of counter parts
in crossbreeding efforts.

Blast inoculation experiment using 92 accessions comprising 60 Ethiopian rice
accessions, 28 differential varieties and four control accessions against 20 blast isolates in
the second experiment revealed that nearly 65% of total accessions showed resistance
reaction to blast isolates. The result also showed that most Ethiopian accessions were
resistant to blast isolates of Japan but less resistant to other blast isolates. About 78% of
Ethiopian accessions intermediate blast resistance frequency (50-85%) while 17% of them
showed high blast resistance frequency (86-100%) and the rest 5% which included X-Jigna
showed low resistance frequency (0-49%). Including upland NERICASs popular improved
varieties and some landraces were highly resistant to blast isolates used. Moreover,
resistance gene postulation in Ethiopian accessions compared to differential varieties
indicated the involvement of several resistance genes in high frequency including Pit, Pik-
p, Pish, Pib, Pik-s, Pik-m, Pi7 (t), Piz-t, Pi9 (t), Pi12 (t), Pil19 (t), and Pi20 (t). More than
50% of Ethiopian rice accessions were postulated to have a combination of more than one
gene for blast resistance in their genetic background. Thus, accessions with better blast
resistance can be used to improve elite rice cultivars with good agronomic characteristics.

The third experiment evaluated a total of 60 Ethiopian rice cultivars for agronomic
traits variation under lowland rain fed condition at two sites in Ethiopia. Highly significant
differences were observed among accessions for 90% of the traits at both Fogera and Pawe,
and on combined data as well. Most of the traits such as days to heading, days to maturity,
panicle length, grain yield, thousand seed weight, biomass yield and harvest index showed
high broad sense heritability at both sites and they also showed significant correlation
coefficients with grain yield. Principal component analysis of the first four significant
components contributed more than 81%, 74%, and 80% of total variation at Fogera, Pawe
and combined data, respectively with the important traits days to heading, days to maturity,
plant height, panicle length, fertility rate, grains per panicle, thousand seed weight,
biomass yield, harvest index, and grain yield. Hierarchical cluster analysis classified
cultivars into four clusters (1, Il, 11 and 1V). Cluster | (22) and Il (20) comprised the
largest number of accessions. About 77% of accessions in Cluster | consist of improved
varieties including NERICAs. Accessions in Cluster 1 were relatively early in days to
heading and days to maturity with intermediate mean values for plant height, panicle length,
grain yield, and biomass yield while accessions in Cluster Il were intermediate in days to
heading and days to maturity with higher mean values for grain yield, and biomass yield.



Clusters 111 and IV were dominated by landraces with few improved accessions and they
showed late in days to heading and maturity. This information combined with molecular
analysis and blast inoculation result of cultivars can accelerate our efforts of identifying
potential plant materials for rice crossbreeding in Ethiopia.

The fourth experiment focused assessing maternal lineage, genetic diversity and
population structure in 163 wild rice accessions from Ethiopian and 52 control accessions
representing O. barthii (20), O. longistaminata (19) and O. glaberrima (13) using eight
chloroplast INDELs (cpINDELs) and sixteen SSR markers. Twenty plastid type
combinations were detected out of which four plastid types, Types 1, 2, 3 and 6, were
found among five populations from Ethiopia. Type 6 was specific to the north group
(Amhara) and it was shared with control O. longistaminata population but three were
unique to Ethiopia. While Type 2 and 3 were unique to south group (Gambella), Type 1
was shared between north and south groups. Using 16 SSRs, total number of alleles
amplified per locus ranged from 4 to 14 with mean value of 9.69 with 155 alleles in total.
Mean observed (Ho) and expected (He) heterozygosity was 0.24 and 0. 73, respectively.
From five populations in Ethiopia, Fogera population showed the highest He (0.67),
followed by Dera population (He = 0.62) while, Kera, Lare, and Abobo populations
showed He of 0.57, 0.56, and 0.55, respectively indicating all five populations exhibited
relatively high genetic diversity. In fact, He of control O. longistaminata population (0.70)
was the highest of all eight populations which could be attributed to its diverse origin in
Africa. NJ method phylogenetic tree analysis classified accessions into five cluster groups,
out of which Ethiopian wild rice accessions corresponded to only three clusters, IlI, 1V and
V with some admixtures. Population structure analysis at K=2 revealed that all populations
from Ethiopia were clustered with control O. longistaminata while O. bathii and O.
glaberrima belonged to another group which confirmed wild rice type that predominated
five populations in Ethiopia. However, further structure analysis at K=5 showed that five
natural populations were classified into three subpopulations with some admixtures
corresponding to phylogenetic tree analysis. Results of phylogenetic tree analysis and
model based clustering at K=5 suggested the presence of three groups of O. longistaminata
natural populations in Ethiopia. Thus, this valuable resources need to be conserved to
maintain its high genetic diversity for future use in breeding. In conclusion, all experiments
in this study provide valuable information to better understand the genetic characteristics
of rice genetic resources from Ethiopia that can be used to improve elite rice cultivars but
susceptible to different stresses.
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Z O/ STITE W TIE 2017-2019 AEI2BWT 4 SOMF%E, 1) B2 HE L F
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%1% Pit, Pik-p, Pish, Pib, Pik-s, Pik-m, Pi7 (t), Piz-t, Pi9 (t), Pi12 (t), Pi19 (t), and Pi20 (t)
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3OHDERTIE, 60 MHEZMA L CoF A ETICHBIT DA 2 S0 B 5 i,
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HIEEDNRD b, o OIEE, WA, B, &, 100kHE, A 4~vA, LT
INHEFR BT WA OB M2 R LTSRN 7 & 2 2 — AT ICB VW TCiE, b o hfEiT 4
DI EEN., IR NI IFEREN 227 5N 20 AL 2L D EEZNEA LTZ. 7
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