
Portland State University Portland State University 

PDXScholar PDXScholar 

Student Research Symposium Student Research Symposium 2024 

May 8th, 11:00 AM - 1:00 PM 

Improved Genome Maintenance and DNA Improved Genome Maintenance and DNA 

Replication in the Anoxia Tolerant Annual Killifish Replication in the Anoxia Tolerant Annual Killifish 

Riley A. Roth-Carter 
Portland State University 

Follow this and additional works at: https://pdxscholar.library.pdx.edu/studentsymposium 

 Part of the Genetics and Genomics Commons 

Let us know how access to this document benefits you. 

Roth-Carter, Riley A., "Improved Genome Maintenance and DNA Replication in the Anoxia Tolerant Annual 
Killifish" (2024). Student Research Symposium. 14. 
https://pdxscholar.library.pdx.edu/studentsymposium/2024/posters/14 

This Poster is brought to you for free and open access. It has been accepted for inclusion in Student Research 
Symposium by an authorized administrator of PDXScholar. Please contact us if we can make this document more 
accessible: pdxscholar@pdx.edu. 

https://pdxscholar.library.pdx.edu/
https://pdxscholar.library.pdx.edu/studentsymposium
https://pdxscholar.library.pdx.edu/studentsymposium/2024
https://pdxscholar.library.pdx.edu/studentsymposium?utm_source=pdxscholar.library.pdx.edu%2Fstudentsymposium%2F2024%2Fposters%2F14&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/27?utm_source=pdxscholar.library.pdx.edu%2Fstudentsymposium%2F2024%2Fposters%2F14&utm_medium=PDF&utm_campaign=PDFCoverPages
http://library.pdx.edu/services/pdxscholar-services/pdxscholar-feedback/?ref=https://pdxscholar.library.pdx.edu/studentsymposium/2024/posters/14
https://pdxscholar.library.pdx.edu/studentsymposium/2024/posters/14?utm_source=pdxscholar.library.pdx.edu%2Fstudentsymposium%2F2024%2Fposters%2F14&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:pdxscholar@pdx.edu


Improved Genome Maintenance In 
The Anoxia Tolerant Annual Killifish
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DNA Damage During Anoxia
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• Austrofundulus limnaeus is found in ephemeral ponds in Venezuela and 
has evolved the ability to enter into embryonic diapause, a state of 
developmental dormancy and metabolic arrest that supports survival. 

• Dormant and developing embryos can withstand high levels of known 
genotoxic stressors, such as months of anoxia and high dose irradiation. 

• We expect that these embryos have improved genome maintenance in 
order to withstand these genetic insults, but exactly the type of damage 
created and the maintenance pathways utilized is unknown. 

• To conduct this work we used a cell line derived from killifish embryos 
(PSU-AL-WS40NE) which has similar levels of tolerance to embryos. 

• Exposure to anoxia and recovery in normoxia causes an increases in DNA 
damage, shown through levels of gamma-Histone H2Ax (a phosphorylated 
form of the histone) 

• Inhibition of the core proteins involved in the activation of gamma-H2Ax, ATM 
and ATR, supports the idea that the main source of genetic damage is stalled 
and collapsed replication forks instead of exogenous sources of damage. This 
suggests that replication may be stalled during anoxia and thus determining 
the role of the cell cycle in relation to this damage is a vital next step. 

Cells were exposed to 24 hours of anoxia and allowed to recover for up to 12 hours in normoxia. ATM 
and ATR were inhibited throughout anoxia and recovery. Levels of genomic damage were measured 

using gamma-H2Ax fluorescence intensity. 

To determine the cell cycle stage we used Quantitative Image Based Cytometry (QIBC). 
Using an EdU pulse and DAPI staining we were able to identify specific cell cycle stages 

of thousands of cells and then correlate that with gamma-H2Ax signal.

• The cell cycle is severely disrupted due to anoxic 
exposure, and these data suggests that active 
replication is not occurring. 

• An increase in gamma-H2Ax signal was observed 
after anoxic exposure. The signal decreases after 
5 days and it would be interesting to see if these 
levels would return to normal after longer 
exposures. 

• Unlike previous work we see that inhibition of ATR 
does not cause a loss of gamma-H2Ax signal 
during anoxia. This could point to potential biases 
inherit in standard immunofluorescence data 
where hundred of selected cells are analyzed 
compared to thousands of cells chosen at 
random throughout a well.

• ATM and ATR inhibition does not completely 
knock down gamma-H2Ax expression, giving a 
possibility that there is an alternate pathway for 
gamma-H2Ax activation.

All members of the Podrabsky Lab for training and assistance, especially Amie Romney, Carmen Rodriguez, Pat 
Clouser, and Chelsea Hughes. Special thanks to the Saldivar Group at OHSU, especially Erin Helms, for assisting 
in running and analysis of QIBC data. Funding through the NSF.

ATM and ATR

Cells were exposed to 
inhibitors for either ATM, ATR, 

or both for 24 hours. A 15-
minute EdU pulse was done 
at the time of sampling and 
cells were then stained for 
EdU, DAPI, gamma-H2Ax, 
and Cleaved Caspase-3

Monitoring cells over 5 days 
of anoxia indicates a loss of 

replicating cells and a striking 
pattern of cells only in the G1 

phase of the cell cycle.

To confirm previous work that showed 
exposure to anoxia causes an increase in 
gamma-H2Ax levels that is lost with ATR 

inhibition we again dosed cells with these 
inhibitors through 5 days of anoxia. 

Interestingly we see a steady increase of 
gamma-H2Ax through 3 days followed by a 

sharp decrease at the 5th day of anoxia. 
Inhibition of ATM has no effect while 

inhibition of ATR causes an increase of 
gamma-H2Ax signal after 24 hours.  
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Live/dead staining of PSU-AL-WS40NE 
cell line Derived from a WS40 embryo. 

Cells can survive for 49 days of anoxia.. 

Embryos of the Annual Killifish 
are able to withstand long 
exposures to anoxia that varies 
along development. 
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