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Breeding Wheat Varieties With Efficient Control of ROS 
Production 

Andrei Smertenko, Institute of Biological Chemistry, CAHNRS, WSU

Dr. Michael Pumphrey, Department of Crop and Soil Sciences. 

This project aims to advance toolbox for breeding drought and heat 
tolerant wheat varieties. Our approach is based on the fact that harsh 
environmental conductions, including heat and drought, increase 
production of free radicals also known as Reactive Oxygen Species 
(ROS). ROS diminish the yield by damaging cells inside plant body. 
Plants alleviate the ROS damages using so-called "scavenging" 
mechanisms. Varieties with higher scavenging activity would yield 
better in hot and dry climates. We want to identify genetic markers 
with more efficient ROS scavenging and introduce these markers into 
breeding programs. Previously, our laboratory developed a technique 
for measuring ROS scavenging under the greenhouse condition. In 
Year 1 (growth season 2019) the suitability of our technique for 
analysis of material in the field was tested using 14 spring wheat 
varieties in Lind, Moses Lake, and Spillman farms. We found that our 
technique detected variability of the ROS scavenging in the field-
grown material. One of the tested varieties, Kelse, was amongst 
varieties with more efficient ROS scavenging. In Year 2 we 
collaborated with Dr Pumphrey to phenotype ROS scavenging in 180 
RILs of the biparental population Kelse x Scarlet in Lind. This RIL 
population has been genotyped. It means we can use this material to 
identify genetic markers of efficient ROS scavenging. The material 
was collected on May 29 when the maximum day temperature 
reached 88°F. Despite delays caused by COVID-19 pandemics, we 
completed the measurements. The results demonstrate significant 
variability of ROS scavenging activity in the population. 

We produced phenotybing data on ROS scavenging in the Kelse x 
Scarlet population under heat and drought stress. This information 
will be used to identify genetic marker of efficient ROS scavenging. In 
the long-term this will contribute to breeding drought and heat-
tolerant wheat varieties.The project provided training to 
undergraduate student Jessica Fisher, graduate student Kathleen 
Hickey, and post-doctoral scientiest Taras Nazarov.  
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Objective Deliverable Progress Timeline Communication

Objective#1. Determine correlation 
between peroxisome abundance and 
ROS homeostasis under drought and 
heat stress.

Measure peroxisome abundance in spring 
wheat varieties grown under different 
climate conditions.

Measured peroxisome abundance in 7 soft white and 7 
hard spring wheat varieties Diva, Louise, Melba, Ryan, 
Whit, Seahawk, Tekoa, LCS Luna, SY Selway, Alum, Chet, 
Dayn, Glee and Kelse grown at Spillman Farm, Moses 
Lake, and Lind.

Completed
Was communicated at the annual 2020 Review 
Meeting

Objective#2. Identify spring wheat 
genotypes with low ROS production.

Screen genetically diverse population for 
genotypes with more active ROS 
scavenging

Peroxisome abundance was used as the proxy of ROS 
scavenging. Measured peroxisome abundance in 180 
RIL lines of mapping population Kelse x Scarlet growth 
in Lind. We collected leaf material when the 
temperature was between 80 and 88°F. It means plants 
experienced both heat and drought stress.

Completed
Will be communicated at the annual 2021 Review 
Meeting

Expression of peroxisome biogenesis 
genes

This task is postponed until summer 2021. We will 
collect leaf material for this task during 2021 growth 
season.

Scheduled to be completed in 
November 2021

Will be communicated at the annual 2022 Review 
Meeting

Measure ROS homeostasis
This task is postponed until summer 2020. We will 
collect leaf material for this task during 2020 growth 
season.

Scheduled to be completed in 
December 2021

Will be communicated at the annual 2022 Review 
Meeting
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