
• Determine the evolutionary relationship between a set 

of 56 candidate effectors (WY genes).

• Quantify the selective forces acting on each region and 

interpret their implications on gene function.

• Correlate the presence/absence of genetic markers 

to observable patterns of infection on lettuce samples.
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The sequences were further screened for premature stop 

codons and truncated appropriately. The processed data 

consists of 95 sets of 56 x 2 consensus sequences.

Bremia is a diploid organism, so we expect two sequences 

for each gene that are not necessarily identical. Currently, 

the consensus results are un-phased, meaning the variants 

are arbitrarily distributed between each allele.

Diversification Analysis
For each isolate, we performed multiple sequence 

alignment using the CLUSTALW algorithm and generated 

phylogenies to visualize the possible relationships 

between WY genes. Some candidate effector genes were 

suspected to be paralogous, so we used the Geneious 

software to more closely inspect any SNP variaton.

The direction and magnitiude of selection acting upon each 

protein-coding WY gene was estimated using the dN/dS (or 

Ka/Ks) statistic:

Sequences were pairwise codon-aligned to a baseline 

sequence from the SF5 isolate, then dN/dS calculations 

were made in PAML.  Most genes are expected to be 

conserved (purifying selection) with a ratio below 1, but 

analysis showed that some regions undergo positive 

selection of new mutations.

Using regional data for each isolate, we later explored the 

differences in selective forces between isolates found in 

Europe compared to those from the United States. 

Cramer’s V Association between Gene 
Presence/Absence and 5 Phenotypes

Multiple sequence alignment and tree building revealed 

consistent relationships and evolutionary distances between 

WY regions. However, close-up analysis was required for 

specific branches with ambiguous results.

It is implied that highly conserved regions in the dN/dS 

analysis are crucial in the context of pathogenicity, but 

genes with a dN/dS statistic >1 required further analysis via 

association tests. Currently, the link between these genes 

and phenotypes is still inconclusive.

Improvements in the pre-processing pipeline could increase 

confidence in downstream results. It may be worth re-
sequencing isolates with low coverage to re-assess variant 

calls. Higher quality reads can also allow for successful 

phasing of the resulting alleles.

Association with Phenotype Data
Consensus nucleotide sequences with premature stop signals or frameshift mutations typically 

produce a non-functioning protein. As such, each isolate can be represented as a set of “present”, 

“partially present”, or “absent” effector genes. Most genes are conserved across all isolates, but we 

found some cases with high evidence of degeneration.

Discussion and Future Efforts

Genes with sufficiently distributed data in 
each of the categories (present/partial/

absent) were tested for association against 

19 binary phenotype measurements. The 

statistic used is Cramer’s V, where possible 
values range from 0 (no association) to 1 

(complete association).
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Introduction
The downy mildews are plant pathogens that threaten 

many crops in commercial agriculture. These pathogens 

secrete effector proteins, which can suppress immune 

behavior in the host and render them susceptible. 

Selective forces act on the plant’s defense mechanisms 
to resist the parasites, but in response, downy mildew 

effectors also evolve to avoid host detection and 

remain infectious. The result of this interaction is rapid 

diversification within both the effectors and plant immune 
systems, which creates challenges in their overall study.

Objectives

Preliminary Data Processing
Raw sequencing data for 95 isolates of Bremia lactucae 

were generated by the Michelmore lab. Sequences were 

trimmed and aligned to the 56 candidate WY regions against 

a de-novo assembled reference genome. The result was a 

collection of 95 BAM files, which were subsequently merged 
and sorted. 

In order to convert these We employed a variant calling 

procedure to generate pairs of nucleotide consensus 

sequences using SAMtools and BCFtools. 
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