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Introduction

• Further sequencing of PHYB in line S9-12-1 is required to show that 
the mutation identified is the only one in this gene in this line. 

• In all of the six suppressor lines that were partially sequenced during 
this project, all showed at least one mutation within the PHYB gene 
suggesting that these lines are expressing their phenotype because of 
these mutations.

• We are currently working to fully sequence the PHYB gene in more 
suppressor lines to understand the nature of the mutations, including 
which domains are most often affected.

• Future research could use next generation full genome sequencing 
techniques to insure that there are not mutations outside of the PHYB
gene in these lines that could be related to the suppressor 
phenotypes.

Suppressor Screen Strategy

Conclusions and Future Work

References

Line S9-12-1 has reduced red 
light sensitivity

PCR Amplification of the PHYB
gene for sequencing

Following initial identification of an alleged suppressor mutant we 
confirm a suppression phenotype by analyzing hypocotyl elongation 
responses to varying levels of red light (~670nm). Suppressor line S9-
12-1 shows reduced sensitivity to red light, compared to the wild-type 
plants and the lrb1-1 lrb2-1 parent. 

Portions of the PHYB gene were amplified from via polymerase chain 
reaction (PCR) from genomic DNA isolated from suppressor mutant 
lines using primers specific for the PHYB gene. If a product was 
produced, it was purified from agarose gels and sent to the University 
of Wisconsin-Madison Biotechnology Center for DNA sequencing. An 
example agarose gel is shown below.

Figure 5. PHYB PCR products analyzed with agarose gel electrophoresis. 3’ end 
PHYB products were expected to be 2,579 bp in length. Lane 1, exACTGene 1kb 
DNA ladder; Lanes 2-4, PHYB 3’ end from suppressor line S9-12-1: Lanes 5-7, 
PHYB 3’ end from suppressor line S1-9-3. In this case there was enough 
product from line S1-9-3 to be extracted.

Figure 3. A. Genetic screening methodology used to identify suppressor 
mutants. B. Identification of individuals with suppressor phenotypes. Red 
light reduces elongation of the hypocotyl (the seedling “stem”). The 
presence of a suppressor mutation in a plant will allow hypocotyl elongation 
despite the presence of the background lrb1-1 and lrb2-1 mutations.
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The capability to detect the amount and quality of light is critical for 
plant growth and development. Red and far-red light are detected by the 
phytochrome (phy) photoreceptors which mediate plant behavior1. The 
flowering plant Arabidopsis thaliana contains the genes LRB1 and LRB2
(Light-Response BTB 1 and 2) which encode proteins functioning as 
target adaptors in BTB/Cullin 3 E3 ubiquitin-ligase complexes (Fig.1). 
These complexes target phytochromes for ubiquitylation and 
degradation2. The phytochromes are red/far-red light receptors and 
plants containing mutations of both LRB1 and 2 genes express 
hypersensitivity to red light due to increases levels of these 
photoreceptors (Fig. 2). 

In an attempt to identify additional genes involved in red-light 
response, the Gingerich lab conducted a genetic screen (Fig.3) to identify 
mutations which suppress the phenotype caused by the lrb1 lrb2 double 
mutations. All suppressor mutants thus far analyzed have had mutations 
in the PHYB gene, which encodes a phytochrome that functions as the 
major red-light receptor in Arabidopsis. Over the past year we have 
sequenced parts of the PHYB gene in 6 suppressor mutants that had not 
yet been analyzed. Mutations in PHYB are potentially interesting for 
researchers who study this important mediator of plant environmental 
responses. Alternatively, absence of a mutation within the PHYB gene in 
these lines could indicate a mutation in a separate gene involved in red-
light response, which could lead to the discovery of new genes involved 
in the response.

Figure 2. Four day old seedlings grown in 
continuous 10µmol/m2/sec red light. lrb1-1 lrb2-1 
double mutants display hypersensitivity to red light 
as shown by the very short hypocotyls of the lrb1-1 
lrb2-1 individuals. The PHYB-9 line lacks active 
phytochrome B, the main red light photoreceptor in 
Arabidopsis.

Figure 1. Structure of 
LRB/CUL3 E3 ubiquitin ligase 
complex, with PIF3 and PHYB 
targets shown. Figure is 
based on model of LRB 
action presented by Ni et al3. 
(2014).
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Figure 6. Location of a possible suppressor mutation in the PHYB gene in line S9-12-
1. Green boxes indicate exons, lines indicate introns, and diagonal lines indicate 
sequenced part of gene. Domains of the phyB protein are indicated4. The 
suppressor mutation in the portion of the gene encoding the PHYB GAF domain is 
predicted to lead to a missense mutation from alanine to threonine.

PHYB sequencing results for line 
S9-12-1

From Sanger sequencing of PHYB in the S9-12-1 suppressor line, a 
SNP was discovered which changed G→A at position 1,521. This SNP 
induces a missense mutation changing the predicted amino acid from 
alanine to threonine. It is known that alanine is a nonpolar amino acid 
while threonine is a polar amino acid, making this missense mutation a 
potentially significant one. 

More specifically, this mutation lies within the GAF domain of the 
phytochrome. The PAS and GAF domains form a core photosensory 
module and are conserved in most phytochromes and phytochrome-
related proteins. Together, these domains play critical roles in both 
photosensing and light signaling4. Other missense mutations within the 
GAF domain have resulted in loss-of-function, making it an likely place for 
suppressor mutations to be located4. The functionality of these domains 
suggests why line S9-12-1 could have such a reduced red light sensitivity 
as the protein may not be able to correctly sense red light.
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Figure 4. Mean hypocotyl length of Col-0 WT, lrb1-1 lrb2-1, phyB-9, and S9-12-1 
seedlings germinated and grown for four days under varying levels of red light. 
Each data point represents ≥25 individuals with standard error bars shown.
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Mutagenize 30,000 lrb1-1 lrb2-1
seed with ethylmethanesulfonate (EMS).

Germinate seeds and grow plants totaling 
2000 individuals (M1).

Collect seed from these individuals.

Germinate and grow this next generation 
(M2) under red filtered light; identify 
individuals that have reduced red light 
sensitivity compared to the lrb1-1 lrb2-1
double mutants.
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