
Today I would like to talk about screening for PYF.

This work has largely been undertaken by Mandeep Kaur



PYF or premature yeast flocculation is a sporadic fermentation problem in 
the brewing industry.

Whereas, yeast flocculation is a desirable phenomenon during beer 
fermentation early or premature flocculation of yeast cells hampers 
complete fermentation of a wort’s sugars and results in a final product with 
undesirable flavour characteristics

Consequently, PYF results in financial losses to brewers, as the beer requires 
additional blending or processing, and in severe cases disposal. 

Further brand identity may be compromised, potentially resulting in 
negative consumer reactions.

PYF has been related to certain malt batches.

However detection of these batches is difficult.

This presentation will show the progress towards the development of an 
efficient and reliable test for PYF. 



We understand that there are two different forms of PYF

Primary – incomplete fermentation (red)

Secondary – results in insufficient yeast being in suspension after 
fermentation to efficiently complete maturation (blue). 



To date, no physicochemical or biological analysis has been developed to 
routinely detect the presence of PYF in barley or malt.

Thus the brewing industry relies on small scale fermentation assays to detect 
PYF positive malts.

A selection of the more widely used tests are shown in this table.

Perhaps the best in my view is the Lake-Speers test which was recently 
accepted as an ASBC method. 



There are however a number of problems with these assays:

Broadly they are expensive, time consuming and inconsistent.

They are applicable mostly to malt and not barley thus giving no warning 
sign to maltsters before malting a particular barley batch.

The tests appear to be yeast specific, so no universal test has yet been 
developed. 

Further, a positive test in the lab may not translate into a problem in the 
brew house or vice versa.



Due to the lack of success with identifying a universal and efficeint 
fermentation test we decided to take another approach.

Our working hypothesis was:

“Microbes, when present in high enough numbers or being of the wrong 
type in the field or perhaps storage, can grow under favourable malting 
conditions to produce PYF causing components.” 



Previous investagators have suggested a number of different fungal species 
were responsible for PYF.

Typically these are genera that include Fusarium and Aspergillus. 



This begs the question, is there another way of detecting PYF? 

That is to identify the microbes that cause PYF in the first place using DNA 
fingerprinting techniques for the conserved fungal rRNA genes using 
cloning and sequencing, or modern pyrosequencing techniques.

Pyrosequencing has an advantage as many more sequences are captured by 
this technique.  

That is 10,000’s of sequences rather than 100’s of sequences. 



Pyrosequencing analysis was conducted on the microbiota of 32 malt 
samples from a range different international suppliers.

Pyrosequencing was used to target the highly conserved large subunit and 
the internally transcribed spacer region fungal rRNA genes. 

Point out LSU and ITS terminology 



Rarefaction is a technique to compare species richness computed from 
samples of different sizes. Rarefaction allows the calculation of the species 
richness for a given number of sampled individuals and allows the 
construction of so called rarefaction curves. 

This curve is a plot of the number of operational taxinomic units or OTUs, as 
a function of the number of individuals sampled. 

A steep slope indicates that a large fraction of the species diversity remains 
to be discovered. If the curve becomes flatter to the right, a reasonable 
number of individuals are sampled therefore more intensive sampling is 
likely to yield only few additional species.

The rarefaction curves of the observed OTUs and sequences did not 
approach a plateau but they are close for the 8 samples shown. 

The non-parametric Chao 1 estimator predicted the maximum number of 
OTUs required to capture full fungal richness in these 8 samples ranged 
from 471 – 1394 depending upon the malt sample with a mean around 952.

On an average 20,000 seqs per malt sample were obtained confirming that 
we had sufficient sequences to capture full fungal richness.

The 20,000 seqs per malt sample obtained also indicated the presence of 111-
118 fungal genera. This was double the previouly estimated number for 
barley.

This indicates there is greater fungal diversity associated with barley malts 



than has been previously understood.

This is contrary to the traditional view, that the microbiota of different barleys are 
remarkably similar to each other, other cereals, and they are generally dominated by 
the same limited number of species. 



The individual DNA reads were compared against the non redundant 
GenBank database of known LSU and ITS fungal sequences using the 
BLASTn algorithm. 

MEGAN software was used to compute the taxonomic content of the data 
set, employing NCBI taxonomy.

MEGAN out put is shown on this slide for 8 malt samples

This phylogenetic analysis revealed a distinct distribution of fungal taxa 
associated with these malts. 



To give you a better look at this complexity, this slide shows a snapshot of 
the distinct fungal distributions between samples.

Here only 8 samples are displayed, not the full 32 samples used to identify 
the PYF associated genera.

I think you now understand the bioinformatic challenge that Mandeep had 
to overcome. 



We undertook partial least squares regression analysis on the 
pyrosequencing data to predict PYF.

The results are as shown.

Each bar represents individual fungal taxa identified by sequence analysis 
of the fungal LSU/ITS regions. 

The bars above the X axis are positively correlated with PYF and those 
below the axis are negatively correlated. 

The height of the bar represent the strength of correlation between specific 
fungal taxa and PYF.

Note that there are both negative and positive relationships with PYF.

This is the first time negative and perhaps antagonistic relationships have 
been observed for PYF. 



Based on PLS analysis - 19 taxa were chosen for further qPCR primer and 
Taqman probe design. 

Mandeep also included genera which were mentioned in the literature as 
being associated with PYF.  

These were Fusarium, Apergillus and two PYF +ve genera identified in 
Mandeep’s PhD thesis.

In total Mandeep was able to design 25 unique primer and probe pairs.

The PCR conditions were optimized and clone libraries were probed, with 
the products sequenced for all the primer pairs to ensure their specificity.

Clones were also selected, and after plasmid extraction, the DNA was 
lineralized and used for standard curve construction.

The specificity of the primers and probes was further tested by doing qPCR, 
cloning and sequencing of qPCR products. 

Only the primer and probe pairs which were specific were studied further.

The initial 25 primers were whittled down to 15 primers.

Serial dilutions were prepared for the each lineralised plasmids, and 
standard curves were prepared to determine qPCR reaction efficiency, 
detection limit and to calculate DNA copy number in unknown samples.  

An example of the dilutions for one primer is shown.



After optimizing qPCR conditions malt samples were run in triplicate with 15 
different primers and probes.

The DNA copy no. of each specific taxa was calculated for each malt sample.



The qPCR results were statistically analysed by PERMANOVA.

PERMANOVA is a statistical routine for testing the simultaneous responses 
of one or more variables to one or more factors in an analysis of variance 
design on the basis of any resemblance, using permutation methods.

Based on the combined results of all 15 probes the PERMANOVA results 
indicated highly significant differences between the PYF positive and 
negative malts.

This held for either the qPCR of the core 32 malt samples or a wider set of 85 
malt samples. 



The qPCR results with indicative copy number counts, are displayed for 
the 15 primer pairs with the 32 malt samples are presented. 

Different colors indicate the different malt suppliers.

The green probes associated with the LSU while the blue probes relate to the 
ITS region.

They are related to 5 PYF negative genera and 3 PYF positive genera 
identified from pyrosequencing analysis

In addition, 2 PYF+ve genera identified in Mandeep’s thesis, and the 
Fusarium and Aspergillus that were identified in the literature were 
assessed by qPCR.

The bottom row indicates if the probe can statistically discriminate between 
PYF+ve and –ve.

Two PYF-ve and three PYF+ve genera primers produced significant 
results that were indicative of PYF status.

The traffic light colors in the body of the table indicate my putative guess 
as to PYF +ve, -ve and intermediate results.

This presentation is on the Summit CD and I recommend its purchase to 
study this table at your leisure.

In summary, it is likely that PYF status is the result of the interaction 
between two or more fungal genera.



Clearly this interaction differs between suppliers-brewers and is perhaps a yeast 
specificity effect?

The qPCR assessment has indicated potential false positives and negatives from the 
supplier fermentation test PYF designations.

From this analysis, 5 primers (bright yellow) have been selected for validation with 
commerical malt samples to develop an accurate and reliable qPCR  PYF test.



Canonical analysis of  principal coordinates of qPCR fungal gene copy 
number data illustrated the fungal community profile differences among 
PYF positive and negative malt samples. 

The first canonical axis (CAP1) clearly separates PYF positive and PYF 
negative malts in two distinct groups.

Note the presence of potential false positives and negatives that are 
commonly result from fermentation style tests. 



As per slide

Perhaps with a more sensitive and reliable test malt screening may indicate 
the presence of chronic PYF problems, the avoidance of which may result in 
more consistent and trouble free fermentation. 
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