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Characterization of an Arabidopsis thaliana Mutant Identi�ed in a 
Genetic Screen for Altered Red Light Responses

Introduction

Identi�cation of  lrb1 lrb2 suppressor mutants 

light BTB suppressor (lbs1) is largely insensitive
to red light 

Sequencing the PHYB gene in lbs1 The  lbs1 mutation is located near the center of 
Arabidopsis chromosome 2 

1. Cross lbs1 (in the Col-0 ecotype background), with wild-type Landsberg (Ler) ecotype plants to generate 
 triple lrb1 lrb2 lbs1 heterozygous Col-0/Ler hybrid individuals.
2. Self-cross these individuals to produce F2 seed.
3. Germinate and grow F2 individuals under red light. F2 individuals that display the phenotype 
 characteristic of the suppressor mutation (long hypocotyl and small cotyledon area) are selected from  
 this population.
4. Isolate DNA from >150 F2 plants with the suppressor phenotype.
5. PCR genotyping is employed on subsets of these plants to analyze single-sequence length 
 polymorphism (SSLP) and Insertion/Deletion (InDel) markers scattered throughout the Arabidopsis  
 genome.

Marker Marker Type Chromosome Ler Alleles/Total Alleles 
CIW12 SSLP 1 15/34 
LRB1 InDel 2 16/34 
nga361 SSLP 2 14/36 
CIW3 SSLP 2 3/36 
CIW2 SSLP 2 6/36 
CIW11 SSLP 3 13/30 
LRB2 InDel 3 19/36 
nga1107 SSLP 4 20/36 
CTR1.2 SSLP 5 16/36 
PHYC.3 SSLP 5 16/36 
 Table 1. The suppressor mutation in lbs1 is linked to markers CIW3 and CIW2 on chromosome 2 in the Arabidopsis 

genome. Markers tested by PCR in initial rough-mapping experiments using plants from the F2 mapping population are 
shown. Marker type (simple-sequence length polymorphism [SSLP], and insertion/deletion [InDel]), chromosome location, 
and number of Ler ecotype alleles out of total assayed are shown. If a marker is genetically linked to the suppressor muta-
tion than few Ler alleles should be found in the mapping population.

Rough Mapping

Chromosome 2

Figure 3.  Fine-scale mapping on 
chromosome 2 was done using ad-
ditional InDel markers on this chro-
mosome. This analysis showed that 
the mutation is near markers 
CER459288 and CER458641, as very 
few Ler versions of these markers 
were found in the F2 plants with the 
suppressor phenotype. PHYB was 
considered a gene likely to contain 
the mutation because it encodes 
the pimary red light photoreceptor 
in Arabidopsis.
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The lbs1 mutation is in the PHYB gene

Mapping Strategy:

Characterization of a Red Light-Insensitive  Arabidopsis thaliana 
Mutant Identi�ed in a Genetic Suppressor Screen

Jordan T. Montpetit, Gavin Sunde, Timothy Lauer, Derek J. Gingerich
Department of Biology, University of Wisconsin-Eau Claire

 Light perception and response plays a critical role in plant survival. A group of receptors known as phyto-
chromes allow plants to speci�cally perceive red (~670nm) and far-red (~730nm) wavelengths. Activation of 
the phytochromes following absorption of red light initiates downstream signaling events that culminate in 
modulation of expression of a large number of genes (Bae and Choi, 2008). The exact nature of the signaling 
pathway downstream of the phytochromes is not fully known.  The Gingerich lab has observed the participa-
tion of two genes, LRB (Light-Response BTB) 1 and LRB2, in the red-light signaling pathway (Christians et al., 
2012). Disruption of both LRB1 and LRB2 in the model dicotyledonous plant Arabidopsis thaliana increases 
shade-tolerance, a result of enhanced sensitivity to red light. The proteins encoded by these genes are part of 
large protein family known as the Bric-a-Brac, Tramtrack, and Broad Complex (BTB) family. Many BTB proteins 
are part of complexes known as BTB/CUL3 E3 ubiquitin ligases, which select target proteins for ubiquitylation 
and eventual destruction by the 26S proteasome (Figure 1).  BTB proteins function in these complexes by re-
cruiting the proteins to be ubiquitylated (Pintard et al., 2004).
 To better understand the function of the LRB1 and LRB2 genes and the red light signaling pathway in 
general, we conducted a genetic suppressor screen to identify other genes which participate in red light re-
sponse. This screen identi�ed mutations which suppress the red-light hypersensitive phenotype of lrb1 lrb2 
mutants. Here we present one of the mutants identi�ed in the screen, including phenotypic characterization 
of the line, mapping and identi�cation of the responsible mutation, and characterization of the e�ects of the 
mutation on the a�ected gene.
      

Figure 1. Structure of the BTB/CUL3 E3 ubiquitin 
ligase complexes. The E3 binds the target protein 
and ubiquitylates it. This ubiquitylation leads to 
degradation of the target.

 The PHYB gene in the lbs1 line was sequenced.  A single change in the gene was detected: a transition 
mutation (guanine to adenine) of the last nucleotide of intron 1. We hypothesized that this mutation might 
disrupt splicing of the PHYB mRNA.

At2g18790 (PHYB)

AAUGCAGGGGACGAG
Intron 1 Exon 2

G      A

 A size di�erence of approximately 80-100 nucleotides was observed between the primary RT-PCR 
products, consistent with misplicing of intron 1 in the lbs1 line. Sequencing of the products con�rmed the 
presence of the 88-nucleotide intron 1 in the lbs1 product.
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Figure 6. Phenotypic analysis of lbs1 lrb1 lrb2 x 
phyB-9 lrb1 lrb2 F1progeny and controls. The 
seedlings were germinated and grown under 
10 µmole/m2/sec red light for 4 days.
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Figure 7. RT-PCR analysis of part of the PHYB 
transcript from lrb1-1 lrb2-1and lrb1-1 lrb2-1 
lbs1 individuals. cDNA was generated from 
mRNA isolated from the two lines, and a por-
tion of the PHYB cDNA spanning introns 1 and 
2 was appli�ed using PCR primers phyBRTF1 
and phyBRTR2.

Possible linkage

At2g18790 (PHYB)

• An lrb1 lrb2 suppressor screen identi�ed a potential red light hypersensitive suppressor mutant lbs1
• Phenotypic characterization suggested lbs1 has similarities to phyB mutants
• Mapping suggested the lbs1 mutation was on chromosome 2, with PHYB as a candidate gene
• Complementation testing confirmed the mutation in the lbs1 line was in PHYB
• Sequencing of the PHYB gene from lbs1 mutants showed a transition mutation from G to A in the last   
 base of intron 1, suggesting post-transcriptional modi�cation of the primary transcript could be a�ected.
• RT-PCR and sequencing of PHYB cDNA products con�rmed intron 1 was not spliced out in the lbs1
        mutants. This would result in the production of a truncated version of the phyB protein in lbs1mutants
• Further analysis of the phyB protein from lbs1 involving Western Blotting is needed to con�rm the 
 presence of a truncated, and likely non-functional, phyB protein 
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 To determine if the suppressor mutation in lbs1 is in the PHYB gene, a genetic complementation analysis 
was performed. Line lbs1 (with the lrb1 lrb2 background) was crossed with a phyB-9 lrb1 lrb2 mutant. If the F1 
o�spring display the lbs1 and/or phyB phenotype then the lbs1 mutation is in the PHYB gene.
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Mutagenize a population of lrb1-1 lrb2-1
seeds with ethylmethanesulfonate.

Collect seed from these individuals.

(10 plants/pot), 2000 individuals total.

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.

Strategy:

Figure 2 .   Phenotypic characteristcs of lbs1 compared to red light hypersensitive lrb1-1 lrb2-1 mutants, red light insensi-
tive phyB mutants, and wild-type. A. Mean hypocotyl length for the lbs1 mutant and controls at 4 red light fluence levels 
and  in the dark after 4 days of light exposure. Standard error bars are shown. B. Cotyledon area for the lbs1 mutant and 
controls. Individuals were grown under 10µmol/m2/sec red light for 4 days. Standard error bars are shown.
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