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1. Combining Ability and Gene Action Controlling Agronomic Traits
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for Cytoplasmic Male Sterile Line, Restorer Lines, and New Hybrids
for Developing of New Drought-Tolerant Rice Hybrids (2 il J5 & 4

ABFR. EZNFRZI I & AAEHR 2R Z EER)

i1 This study aimed to identify new rice lines and hybrids that are tolerant to water deficit
and produce high yields under water stress conditions. A line X tester mating design was used
to study the lines and testers' general combining ability (GCA) effects. The specific
combining ability (SCA) of the hybrid rice combinations was measured under three different
irrigation regimes; 6, 9, and 12 days. The study was carried out at the experimental farm of
Sakha Agricultural Research Station, Sakha, Kafr El-Sheikh, Egypt, during the 2018 and
2019 rice growing seasons. Due to the genotypes and their partitions to the parents and the
crosses, the mean squares were highly significant for all studied traits under the three
irrigation regimes. The additive gene effects play an important role in expressing most of the
studied traits. Therefore, the selection procedures based on the accumulation of the additive
effect would be successful at improving these traits and the grain yield. The cytoplasmic male
sterile (CMS) line G46A (L1) was the best combiner for most yield component traits in the
three irrigation regimes. The newly devolved restorer lines T11, T1, T2, T5, T4, and T3, as
well as the new hybrids L2 x T10, L2x T6, L1 X T7, L1 x T5, L1 x T3, L2Xx T7,L2x T9, L2
X T8, L2 x T4, L1 x T4, L2 x T2, L1 x T8, L1 x T9, and L2 x NRL 10, showed good,
desirable values of the studied traits such as earliness of flowering, short plant height, number
of panicles/plant, panicle length, number of spikelets/panicle, number of filled grains/panicle,
panicle weight, 1000-grain weight, hulling percentage, milling percentage, head rice
percentage, and grain yield under the irrigation regimes of 6, 9, and 12 days. The hybrids L2
X T10, L2 x T6, L1 x T7, and L1 x T5, showed significant positive SCA effects for grain
yield, under all three irrigation regimes.
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2. Whole-Genome Sequencing of 117 Chromosome Segment
Substitution Lines for Genetic Analyses of Complex Traits in

Rice (F T/KBEERMERBEL D PrRILIT N Reodd BB R K 25
FSEERILNED)

4. Rice is one of the most important food crops in Asia. Genetic analyses of complex
traits and molecular breeding studies in rice greatly rely on the construction of various
genetic populations. Chromosome segment substitution lines (CSSLs) serve as a powerful
genetic population for quantitative trait locus (QTL) mapping in rice. Moreover, CSSLs
containing target genomic regions can be used as improved varieties in rice breeding. In this
study, we developed a set of CSSLs consisting of 117 lines derived from the recipient
'Huanghuazhan' (HHZ) and the donor '‘Basmati Surkb 89-15' (BAS). The 117 lines were
extensively genotyped by whole-genome resequencing, and a high-density genotype map was
constructed for the CSSL population. The 117 CSSLs covered 99.78% of the BAS genome.

EXHR RERLEWHRRSE RS http: //agri. ckcest. cn/



http://agri.ckcest.cn/file1/M00/03/4A/Csgk0Ygg_deAJnTVABsu5fKVhgE038.pdf

Each line contained a single segment, and the average segment length was 6.02 Mb. Using
the CSSL population, we investigated three agronomic traits in Shanghai and Hangzhou,
China, and a total of 25 QTLs were detected in both environments. Among those QTLs, we
found that RFT1 was the causal gene for heading date variance between HHZ and BAS.
RFT1 from BAS was found to contain a loss-of-function allele based on yeast two-hybrid
assay, and its causal variation was a P to S change in the 94th amino acid of the RFT1 protein.
The combination of high-throughput genotyping and marker-assisted selection (MAS) is a
highly efficient way to construct CSSLs in rice, and extensively genotyped CSSLs will be a
powerful tool for the genetic mapping of agronomic traits and molecular breeding for target
QTLs/genes.
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3. Rice Brittle Culm19 Encoding Cellulose Synthase Subunit CESA4
Causes Dominant Brittle Phenotype But has No Distinct Influence on

Growth and Grain Yield (Y@fS 44 3 & R ES WAL CESA4 F/K FE e 1
195 R B MR, EXNEKMEEA BEYM)

% 4: Background Mechanical strength is a crucial agronomic trait in rice (Oryza sativa), and
brittle mutants are thought suitable materials to investigate the mechanism of cell wall
formation. So far, almost all brittle mutants are recessive, and most of them are defected in
multiple morphologies and/or grain yield, limiting their application in hybrid breeding and in
rice straw recycling. Results We identified a semi-dominant brittle mutant Brittle culm19
(Bc19) isolated from the japonica variety Nipponbare through chemical mutagenesis. The
mutant showed the same apparent morphologies and grain yield to the wild type plant except
for its weak mechanical strength. Its development of secondary cell wall in sclerenchyma
cells was affected, along with reduced contents of cellulose, hemicellulose, lignin and sugars
in culms and leaves. Positional cloning suggested that the Bc19 gene was allelic to OsCESA4,
encoding one of the cellulose synthase A (CESA) catalytic subunits. In this mutant, a C-to-T
substitution occurred in the coding sequence of BC19, causing the P507S missense mutation
in its encoded product, which was located in the second cytoplasmic region of the OsCESA4
protein. Furthermore, introducing mutant gene Bcl9 into the wild-type plant resulted in
brittle plants, confirming that the P507S point mutation in OSCESA4 protein was responsible
for the semi-dominant brittle phenotype of Bc19 mutant. Reverse correlation was revealed
between cellulose contents and expression levels of mutant gene Bcl9 among the
homozygous mutant, the hybrid F-1 plant, and the Bc19 overexpression transgenic plants,
implying that gene Bc19 might affect cellulose synthesis in a dosage-dependent manner.
Conclusions Bc19, a semi-dominant brittle mutant allele of gene OsCESA4, was identified
using map-based cloning approach. The mutated protein of Bcl9 possessing the P507S
missense mutation behaved in a dosage-dependent semi-dominant manner. Unique brittle
effect on phenotype and semi-dominant genetic quality of gene Bc19 indicated its potential
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application in grain-straw dual-purpose hybrid rice breeding.
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