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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO ACCOMPLISH 

OBJECTIVES: 

 

The overall goal of the RB-3 project is to identify and develop novel rice germplasm for 

incorporation into breeding programs serving the California rice industry. We are mainly 

interested in traits that improve the value of the rice crop or reduce production costs. To achieve 

this objective, chemical agents that cause changes in DNA have been used to generate 

populations of rice plants with randomly altered traits. These mutant populations are 

subsequently screened to identify individual lines that show promising new characteristics such 

as improved grain quality or tolerance to herbicides useful for rice production. Identification of 

useful mutants is achieved either directly by looking for specific traits of interest or indirectly by 

looking for changes in the DNA known to be responsible for an important trait.  For the RB-3 

project, the approaches that are taken and the traits that are targeted are complementary to the 

Rice Experiment Station’s efforts to avoid redundancy. Reduced uptake and localization of 

metalloids (e.g., arsenic, silicon) in rice plants, particularly in the grain, and resistance or 

tolerance of rice plants to selected herbicides have been the recent focus of the project.   

 

In 2021, one of the main goals of the RB-3 project was to conduct trait evaluations and screens 

of mutant lines from three mutant populations (Nipponbare, Kitaake, and Sabine) and to 

characterize with rice lines with known mutations in genes involved in silicon and arsenic uptake 

and genes encoding proteins targeted by various herbicides. Trait evaluations were to be 

performed under field conditions to identify altered agronomic traits (e.g., height, heading date, 

vigor, tiller number, panicle morphology, and yield). It was expected that seeds were to be 

collected to serve as a source for further evaluations (e.g., grain quality, stress tolerance).  

 

Specific objectives include: 
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1) Evaluation of mutant populations and specific mutant lines for herbicide tolerance: 

Previously developed mutant populations will be screened for altered response to 

herbicides. Evaluation of the herbicide response of mutants identified by TILLING, 

which harbor mutations in the genes encoding protoporphyrinogen oxidase (PPO), 4-

hydrophenyl pyruvate dioxygenase (HPPD), acetyl Co-A carboxylase (ACCase), and 

glutamine synthetase (GS), will be completed. 

2) Field evaluation and mutant population development: Previously, the USDA-ARS 

rice genetics program has developed large, advanced generation mutant populations in 

three cultivars (Nipponbare, Kitaake, and Sabine). Five hundred lines from each of these 

populations will be grown at the UC Davis rice field facility and evaluated for various 

agronomic performance traits (i.e., height, tillering, heading date, panicle traits) and seeds 

will be harvested to serve as a long-term seed source for trait evaluation including further 

generation advance and field testing. 

3) Characterize mutants involved in metalloid element uptake and accumulation: 
Work on the silicon/arsenic uptake and accumulation mutants will continue. Lines noted 

in 2019 RB-3 Annual Report will be subjected to crossing and additional phenotyping 

experiments (e.g., evaluation for disease and other stress tolerance). The lsi1 and 

Osabcc1 mutants not previously evaluated will be planted in the greenhouse for small-

scale evaluation of silicon and arsenic content. 

 

 

SUMMARY OF 2021 RESEARCH (MAJOR ACCOMPLISHMENTS) BY OBJECTIVES: 

 

1) Evaluation of mutant populations and specific mutant lines for herbicide tolerance: 

Due to a staffing shortage in the earlier part of 2021, direct screening of mutant 

populations for herbicide tolerance was not possible. Examination of specific mutant 

lines (Table 1) was also delayed and work on this objective was initiated in December 

with planned completion in 2022.  

 

Table 1. Herbicide target gene rice mutants 

Gene  Gene Locus  Mutant Line No. of Lines 

PPO Os01g0286600 E-2074 5 

    5738 4 

    5446 5 

    3106 8 

    2575 16 

HPPD Os02g0168100 3922 2 

GS Os02g0735200 4833 8 

    5847 2 

    4756 5 

GS Os10g0456500 5547 1 

    15-1784 2 

    5722 1 

    E-1837 14 

ACCase Os05g0295300 5429 1 

    2563 2 
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Because of the number of different mutant lines and different chemistries of the some of 

the herbicides (e.g., PPO inhibitors used in the U.S. belong to eight different chemistry 

groups), evaluation of the response of the mutant lines will be performed by cotton swab 

applications to individual leaves (Figure 1). This allows for evaluation with fewer plants, 

which is also desirable due to low seed inventories for some of the mutant lines. Testing 

of lines is being conducted in the greenhouse during the winter 2021-22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Evaluation of herbicide tolerance. A) Cotton swab application of herbicide to 

a wild type (non-mutant) rice line, B) 24 hours post application of 1% glufosinate-

ammonium, C) 96 hours post application.  

 

2) Field evaluation and mutant population development: Due to continuing issues with 

identifying a suitable field site and staff vacancies, work in 2021 focused on advancing 

mutant lines in outdoor and greenhouse basins. Plantings were also delayed so efforts 

were limited to Kitaake mutant lines, which are in a genetic background that is very early 

maturing and performs well in the greenhouse (Figure 2). A total of 603 Kitaake mutant 

lines (M8) were grown in outdoor (n=449) and greenhouse basins (n=154). Low outdoor 

temperatures required outdoor plantings to be transferred to greenhouses and also 

reduced fertility of the mutants. 

 

Figure 2. Generation advance of Kitaake mutant population. M8 mutant plants were 

grown in outdoor (A, B) and greenhouse (C) basins to produce seeds for field plantings 

and trait evaluations in 2022. 

A B C 
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Harvesting of the plants began in November and is expected to continue into 2022. The 

M8 lines will be added to the 155 lines produced in 2019-20 for field-based grow outs 

and agronomic trait evaluations in 2022. 

 

3) Characterize mutants involved in metalloid element uptake and accumulation: In 

2019, total arsenic and silicon content were determined from leaf and brown rice of 

mutants and wild-type (Nipponbare) plants grown in 2018 at the UC Davis rice field 

facility and the Rice Experiment Station (see 2019 RB-3 Project Annual Report). In late 

2020, leaf samples from these 2018 plantings were submitted for elemental analysis using 

inductively coupled plasma mass spectrometry (ICPMS) to examine the content of other 

metalloids as well as arsenic and silicon to see if the mutations in the Lsi1, Lsi2, and 

OsABCC1 genes might have any effects on the uptake and accumulation of these 

elements. Boron is an essential micronutrient for rice and germanium, antimony and 

tellurium are toxic to plants to varying degrees. The ICPMS results were received several 

months later than expected due to delays in analysis by the UC Davis ICPMS core 

service and are still being analyzed.  

Data were obtained for the metalloid elements antimony (Sb), arsenic (As), boron 

(B), germanium (Ge), and silicon (Si). A tellurium standard was not available, thus no 

data was collected for this metalloid. An initial look of the ICPMS data indicates that the 

Si content of the leaves was consistent with previous analyses with very little present in 

the mutant E-1746 and a significant reduction in mutant 3403 (both lsi1 mutants) but no 

significant differences between wildtype Nipponbare and the other mutant lines. Further, 

more detailed analysis of the data from other metalloids (As, B, Ge, and Sb) is needed to 

determine if there are any significant differences between the mutant lines and wildtype 

and whether there may be a location effect (Davis vs. RES nursery). The data suggests 

that developing advanced backcross lines in which background mutations are removed 

will be needed to dissect the real effect of the mutations on uptake and accumulation of 

these elements. 

The metalloid uptake/accumulation mutants that have been characterized to date 

include one Osabcc1, three lsi1, and nine lsi2 mutants. Five other mutants (three lsi1 and 

two Osabcc1) were detected by DNA screening (i.e., TILLING by sequencing), but have 

not been further characterized (Table 2). Four of the mutations were identified in the 

heterozygous state in the M2 generation, and should be segregating in the M3 generation. 

The 15-115 mutant line appears to have a homozygous mutation in the OsABCC1 gene 

and should be fixed (not segregating) in the M3. M3 seeds of each line are available and 

will be planted in the greenhouse in December 2021 to provide plants for identifying 

fixed lines (i.e., M3 plants that are homozygous for their respective mutations) and for 

trait evaluation. 

The M3 plants from the lsi1 mutant lines E-654, 5066, and 15-1956 will be screened 

with Ge in addition to collecting DNA for confirmation of the mutation and allele status 

by sequencing. Ge causes phytoxicity in rice, which is manifested by the appearance of 

necrotic lesions on the leaves when seedlings are exposed to 50 µM Ge. Some of the lsi1 

mutants may exhibit Ge tolerance (fewer to no lesions) as Lsi1 normally functions in the 

uptake of Ge by rice roots. Elemental analysis to determine the metalloid content in the 

leaves of these mutants will also be conducted. 
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For the Osabcc1 mutants, there are no indirect screening methods (i.e., Ge tolerance 

is not likely to be altered since OsABCC1 is not involved in transport of metalloids into 

the rice plant from the soil) so DNA sequencing will be employed to confirm the fixed 

(homozygous) mutation in line 15-115 and to identify M3 plants of the 5357 line with 

homozygous Osabcc1 mutations. Since the function of OsABCC1 affects the level of As 

in rice grains, rice seeds will also be collected from plants for elemental analysis to 

determine As content. 

 

Table 2. Potential metalloid uptake/accumulation mutants identified by DNA 

sequencing of the Lsi1 and OsABCC1 genes 

Gene Gene Locus Mutant Line Generation Allelic State 

Lsi1 Os02g51110 E-654 M3 Heterozygous 

    5066 M3 Heterozygous 

    15-1956 M3 Heterozygous 

OsABCC1 Os04g52900 15-115 M3 Homozygous 

    5357 M3 Heterozygous 

 

 

During 2020-2021, research activities were limited due to the Covid-19 pandemic. However, this 

situation enabled long overdue maintenance activities to be addressed including replacement of 

HVAC and refrigeration systems in the USDA rice seed processing and storage facility on UC 

Davis campus. These repairs and upgrades, funded by the USDA-ARS, will facilitate more 

effective operations going forward including research conducted with the support of the Rice 

Research Board RB-3 Project.  

 

 

PUBLICATIONS OR REPORTS: 

 

None to report. 

 

 

CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

 

Research operations continued to be affected by the Covid-19 pandemic, delaying completion of 

project objectives. Due to lack of staff in the first half of 2021, efforts were focused on 

generation advance of the Kitaake mutant population with approximately 600 M8 lines planted. 

The seeds from these lines and a set of 155 M8 lines grown in 2019-20 will be planted in the 

field in 2022 for trait evaluations and seed increase. Lines carrying mutations in herbicide target 

genes and in metalloid uptake/accumulation genes are being planted in the greenhouse this 

winter for evaluation and other studies in 2022. 

 


