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Robert Lyons, Ph.D., Director

Quality Control and
Crowd Control in the

DNA Sequencing Core

This talk is intended to show methods by which the University of Michigan
DNA Sequencing Core maintains high quality of its data product while
increasing its capacity to meet the immense demand.
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The Core needs to:

• Simplify data handling, minimize the human
time expended on quality assessment.

• Respond to client concerns, interact with them
and talk about their data, their problems.

• Notice and troubleshoot problems quickly, even
before the client does.

With the ongoing pressure to reduce costs, it behooves a Core to expand. The
primary benefit: improved cost efficiency. The drawback: difficulty in
monitoring and maintaining the quality of data you produce. With growth, it
also becomes increasingly difficult to respond to client concerns, especially
when they feel you have erred.
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The Core needs to:

• Simplify data handling, minimize the human
time expended on quality assessment.

• Respond to client concerns, interact with them
and talk about their data, their problems.

• Notice and troubleshoot problems quickly, even
before the client does.

First we will discuss some scenarios in which you need to respond to client
concerns regarding your data quality.
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“Why did this one sample fail, when
all the rest worked?”

“You guys can’t sequence mini-preps!”

“You guys can’t handle custom primers!”

A very typical scenario: a client wonders why one sample failed when all the
rest seemed (to him) to have worked. How can you address him most
effectively (and quickly, too)?
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This talk will show off numerous features of our Laboratory Information
Management System. We will not be discussing technician features of that
system; only its operational advantages. If you want more detail, please see:
http://seqcore.brcf.med.umich.edu/doc/dnaseq/datasys.ht
ml
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The Gold Standard method for assessing what happened to a client’s samples
is to examine lots and lots of chromatograms. You need a way to quickly call
up any chromatogram on demand … the faster, the better. Our system has
some half million chromatograms that can be retrieved and displayed within
seconds of recognizing the need to do so. HOWEVER, we are discussing how
to address a client’s concerns as quickly as possible, and in this case, there is a
much quicker way.



7

After we process a set of 96 samples, we can view a screen of information like
this. It includes sample/client tracking information (on the left), technician
comments for each lane (center) and statistical assessment of each lane’s
outcome.
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Zooming on on the statistical columns: ‘phred20’ is the read length (derived
from phred basecaller via our program ‘fillstats’), followed by’AvgPhd’, the
average phred Q score over that read length. The last column is the ‘G’ signal
for that lane. Now we’ll see how to use these statistics to quickly dismiss our
client’s suggestion that we screwed up…
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Here’s a display with our client’s samples. X’s in the client columns hide his
true identity. Note first that the technician comments warned the client that the
results were NOT RELIABLE. The reason: the ‘G’ signal on all of Xxxx’s
samples is far, far too low. In other words, this wasn’t a set where all samples
worked except for one ….. In fact, all samples worked POORLY, and one
worked slightly MORE poorly. Case dismissed.
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The Core Director can get statistics on:

• Which technician generates the best data?

• Which sequencer is having problems?

• Do specific lanes have anomalous failure rates?

• Have we had a decline on quality since X?

• What vectors sequence poorly?

Using the phred-derived statistics stored in our database for each lane, we can
quickly identify technicians who are producing poor data, sequencers that need
attention or clients who are doing sub-standard work.



11

“Why did this one sample fail, when
all the rest worked?”

“You guys can’t sequence mini-preps!”

“You guys can’t handle custom primers!”

Better yet, we can average out the read length statistics and compare different
clients, revealing failure patterns that are quite useful. Here’s another example
of a client who complained about the Core’s work.
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Although he claims his failed miniprep sequences were our fault, it was easy to
prove otherwise. Here’s a display of the average read length for several of his
lab-mates (names have been changed). Note that our plaintiff “Mr. Barry”
indeed has a poor average read length for mini-preps. However, clearly we can
sequence minipreps quite well, since “Mr. Tolstoy”, from the same lab, has an
outstanding read length for minipreps!
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“Why did this one sample fail, when
all the rest worked?”

“You guys can’t sequence mini-preps!”

“You guys can’t handle custom primers!”

Another example: someone who claims we can’t sequence using client-
provided (custom) primers. Looking at the statistics ….
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The top of this table shows the real names of *competent* labs, those who have
an excellent record when sequencing with custom primers. They are all highly-
respected labs. Clearly we CAN sequence with custom primers. At the bottom
of the list, however, is the problem client (names changed in this half of the
list). Clearly the problem is only in HIS lab. Case dismissed.
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The Core Director can get statistics on:

• Which technician generates the best data?

• Which sequencer is having problems?

• Do specific lanes have anomalous failure rates?

• Have we had a decline in quality since June?

• What vectors sequence poorly?

Using the phred-derived statistics stored in our database for each lane, we can
quickly identify technicians who are producing poor data, sequencers that need
attention or clients who are doing sub-standard work.
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We save “flags” for each sample, recording:

• Success vs Failure

• “Set-Mode” vs Isolated

When ‘FillStats’ assesses the statistics for each lane, it also sets two flags: a
‘success’ flag indicates whether the lane read out as far as expected (it adjusts
expectations for PCR products vs plasmids). A ‘Set-Mode’ flag has to be
explained later …
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With the ‘Success’ flag, we can display matrices of samples, color coded for
success vs failure (or partial success). This display isn’t all that useful, since
we can comprehend the statistics on a 96-well sample set pretty easily.
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With a larger set of samples, the nnumerical stats are impossible to grasp, so
the success/fail flag becomes far more useful. Note the clear pattern of vertical
red streaks. These are samples that all arrived together as a set, and (being
identically prepared) all failed in the same way. This is common, and we call
the phenomenon a “set-mode” failure. By identifying “set-mode” failures, we
can do an interesting QC exercise…
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Here, we’ve blanked out all the “set-mode” failures, plus all the Core-
identified repeats and samples that failed for obvious reasons (Taq slip, sec-
structure, etc). What’s left are failures where we can’t explain away the cause
… in other words possible Core screw-ups! In fact, I do this when I want to try
to identify places where my technicians have made mistakes. By the way, in
this case, none of these remaining colored cells were in fact screw-ups.
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We can also display those success/fail flags in a different format - arranged as
96-well. Here’s one I’ve shown previously … again, it’s  not very useful.
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When we include two hundred plates, we can color-code each position of the
96-well grid to display the rate of failure at each position. Note the slightly
more red tone of well A12. The capillary for that well is partially plugged, and
samples there tend to fail more often than others. We use this ‘plate averaged’
display to spot patterns of failure.
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We can select what “gels” (sample sets) to include in the display, we can limit
it to specific sequencers or specific technicians. For example …
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… here we are going to limit the results to show only sample sets that were
processed by my technician, Kayce Caugh. Submitting this form gives …
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… this Q/C display. Note the A12 anomaly is still there. Note, however, that
F08 is now distinctly red. Ms. Caugh was unaware of this point of failure, and
had no explanation. When we blew compressed air into all the PCR heads she
tends to use, this F08 anomaly went away.
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Change of subject: Previous LIMS features tended to benefit the Core Director
more than anyone else. Here’s a feature that benefits the technicians. Note the
extra “Comment” field, called “AutoComments”. These are computer
generated by a program that scans the chromatograms lane by lane and
attempts to diagnose the problems it finds.
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“Possible
superimposed
sequences after
96 nt.”

“Possible
superimposed
sequence
before 575 nt.”

“Possible Taq
slip at 418 nt.”

The AutoComment program can identify quite a number of common failure
modes for sequencing, including two clones mixed together (top), two PCR
fragments mixed together (middle) and Taq slip (bottom).
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“Possible sec
structure at nt
443.”

“Band
intensities
decline.”

“Unknown
artifact….”

The AutoComment program also knows what a secondary-structure artifact
looks like, what the salt effect looks like, and it recognizes (but does not yet
correctly diagnose) dye blobs.
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“Very weak
bands. Moderate
background
noise..”

“Somewhat weak
bands. Some
background noise
present.”

“No bands.”

AutoCommenting also can comment on the relative weakness/strength of lanes
(including ‘Grossly overloaded’, not shown) and knows what a blank lane is.
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Automatic Chromatogram Commenting:

• A supervisor can check the accuracy of a new
technician’s comments.

• More experienced techs can double-check their
interpretation

• Experienced technicians can “auto-comment” their
gels before doing manual assessment

• (Future:) Clients will be able to get a more complete
interpretation of their chromatograms.

There are many important ways that AutoCommenting can be used profitably
to streamline a Core’s data processing.



30

Automatic Chromatogram Commenting:

• Very powerful diagnotic information
can be derived from AutoComments
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FillStats & Co: a set of utilities that …

• Automatically generates QA/diagnostics on all lanes

• Provides me with a quick look-up for quality as a
function of sequencers, technicians, clients, etc.

• Warns us of specific failure modes (bleed-through and
carry-over)

• Shows views from single samples through tens,
hundreds, thousands or millions of samples.

Summary: most of the features I have described revolve around (I) the
FillStats program, which generates Q/A statistics on all lanes of data we
produce; and (ii) numerous web-based (CGI) scripts that display that statistical
data to enhance our ability to comprehend the huge amount of data we
produce.
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Thanks to the Staff of the UM DNA Sequencing Core:

Connie Esposito Suzanne Genik
Ellen Pedersen Kayce Caugh
Shamar Herron Christine Brannan
Norman Roth Jeff Longton

Thank you to the ABRF for inviting me to speak, and that you to my staff,
without whom I would be lost.
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SPAM

Don’t Spam;
Don’t do business with
companies that spam.

Final comment: spam is killing email, and companies spam because it is
profitable to do so. In the future, you will see more and more mainstream
companies intruding into your email box. DON’T sit back and allow it:
complain loudly, and DON’T DO BUSINESS WITH COMPANIES THAT
SPAM. For more information, please see:
http://seqcore.brcf.med.umich.edu/cgi-bin/antispam.pl
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