
The Advanced Genomics Core outsourced Sanger Sequencing, March 2020. All information in
this document is provided "as is", with no guarantee of completeness, accuracy, timeliness of
the results obtained from the use of this information.

Sanger Sequencing Troubleshooting

Why is the Sequence in the Text File Slightly Different from that of the
Chromatogram?

This page ONLY describes situations where the chromatogram and the text file agree MOST of
the time, yet disagree in the first few nucleotides, or for individual nucleotides throughout.

If you see more than a few nucleotides difference between two supposedly-matching files (.Seq
and .ab1), please contact the Core Director immediately. There’s something quite out of the
ordinary occurring!

Between early February and mid-March of 2001, there may be a few nucleotides difference
between the sequence in your email (i.e. Seq files) and that found on the chromatogram. One of
the two computers we use was misconfigured, such that any editing performed by the technician
was applied only to the chromatogram. The .Seq file (and thus the text email) would remain as
they were when they first came off the sequencer.

The data in all cases is your own data and the differences between .Seq
and chromat files were relatively minor.

Typically, a technician might edit a sequence in the following situations:

(i) the start point of the sequence wasn’t ideal

Sometimes we can squeeze a few extra nucleotides of readable sequence out of the data for
you by forcing the program to re-examine low peaks at the start of the chromatogram. You’d see
5-10 or sometimes even 20 extra nucleotides at the start of the chromat sequence, compared to
the text file.

(ii) s/he felt the computer had made a mistake in calling the bases.

The basecaller gets confused sometimes, where a human can tell (with experience) what the
nucleotide should be. We will sometimes manually correct problem basecalls. Again, if you see
individual nucleotide differences occasionally, the chromatogram is usually the more accurate of
the two sequences.

In each of these situations, edits performed by the technician would appear in the
chromatogram, but not in the .seq (text) file. This means the data on the chromatogram may be
slightly better since the technician manually corrected problems.



My primers work fine in PCR – why not in sequencing??

PCR primers CAN work very well in sequencing, but there are limitations:

The discussion below centers both on the use of PCR primers to sequence non-PCR templates,
and on using your PCR primers to sequence products they generated.

PCR is exponential, sequencing is not.
With two primers replicating opposite strands, a PCR reaction is exponential. That has some
HUGE effects on the results. Primers that are inefficient can still work for PCR. Most people
amplify beyond the linear part of the reaction, meaning inefficient primers will produce as much
product as efficient ones. For sequencing, this is NOT the case. Inefficient primers will give only
weak bands. Also – and this is often very important – PCR will amplify even if the target DNA is
only a small proportion of the DNA present. 99% of your plasmid prep may be some junk DNA,
but the remaining 1% will amplify just fine. It will not sequence, however.
PCR reactions can be tailored to the primer; sequencing reactions cannot.
You probably ‘tweak’ your PCR conditions to improve yield and specificity. The annealing temp
and Mg++ concentration are usually critical, but adjustments in extension and denaturation
temps and times can be helpful as well. Unfortunately, we simply cannot do that in a
Sequencing Core. Samples are processed 96 at a time, and we have to use consensus
conditions throughout. Please study our guidelines for the design of sequencing primers; they
were written with these facts in mind.
PCR reactions actually can use a mismatched priming site; sequencing rarely can.
A primer may start out mismatched against the template, but if even ONE primer manages to
anneal, even briefly, the extension product will now have a perfect match and will amplify
extremely well during subsequent cycles. Sequencing reactions have no such benefit. With only
one primer copying one strand, the reaction will ALWAYS be less efficient for a mismatched
primer.
Sequencing PCR products with the PCR primers: One (apparent) band doesn’t guarantee
good sequence.
Most people analyze their PCR products using gels with limited resolution. You may see only
one band, but there could easily be multiple bands present, but at very similar sizes. We saw a
reaction like this quite recently – a single band on a PCR gel gave mixed peaks that ultimately
proved to be multiple PCR products. Also, that dim background smear or those faint bands near
the bottom of the gel may look insignificant, but they may be more DNA than you think, adding
background bands.
You can use your PCR primers to sequence PCR reactions, BUT there are a few caveats:

● You MUST remove residual PCR primers from the reaction before you submit it for
sequencing!

● PCR reactions generally can NOT be quantitated by spectrophotometer. Please use an
analytical gel to estimate the concentration (unless you have an unusually sensitive
spectrophotometer).

● Your primers must be designed to be compatible with our sequencing conditions.



Here’s the bottom line:

● Just because your primers work in PCR reactions does NOT mean they’ll work for
sequencing.

● Your PCR reaction may look good on your gel, but a sequencing reaction can
reveal much that you cannot see. Your primers may not be working as well as you
had thought.

● Removal of PCR primers from your reactions is critical.

My samples produced only blank lanes.
Why?

○ There was no DNA in your tube (or far less DNA
than necessary).

Please note: A weak lane, when repeated, will often be blank, and vice-versa.
The two outcomes (weak and blank) are often interchangeable, and which you
get is a matter of luck, depending on how noise-free is the lane to which your
sample was assigned.

Did you quantitate the DNA using a spectrophotometer?

Make sure your reading was at least 0.1 AU (or as low as 0.05 might be
acceptable if the spec was carefully calibrated).

Warning!! Mini-preps, PCR reactions and gel-eluted fragments usually CANNOT
be measured with a spectrophotometer unless you own a microliter-scale spec.
The amount of DNA is simply too low for a reliable reading. For large minipreps,
you MAY be able to use a spec with a 100 ul cuvette, but make sure you aren’t
reading through the meniscus! For example calculations, see Why can’t I use a
Spec?’.

Did you estimate the concentration from a gel?

If you are sequencing PCR reactions, you will almost always have to use an
analytical gel to estimate DNA concentration. Gel elution of restriction fragments
often must be measured the same way.

https://brcf.medicine.umich.edu/cores/dna-sequencing/faqs/sanger-sequencing-faqs/why-cant-i-use-a-spectrophotometer-to-measure-my-mini-prep-dna/
https://brcf.medicine.umich.edu/cores/dna-sequencing/faqs/sanger-sequencing-faqs/why-cant-i-use-a-spectrophotometer-to-measure-my-mini-prep-dna/


Estimation by gel is difficult. If you are not experienced at this, find someone who
is more experienced to help you. You should run the gel on the *same* tube of
DNA you are sending us … i.e. don’t gel elute the band and assume 100%
recovery.

Double-check all calculations!!

●

○ There was no primer in your primer tube.

Double-check all calculations!!! The primer concentrations are specified in
pMol/ul – that’s picomoles per microliter not ‘picomolar’. There is a
six-orders-of-magnitude difference between the two!

●

○ The primer did not interact efficiently with the
template.

■ Here are some possible considerations:
■ Are you SURE of the identity of your plasmid?A very common error is to

submit an erroneous plasmid due to a cloning mistake, rearranged
plasmid or damaged priming site. Another common problem is if another
plasmid is present which doesn’t prime, effectively diluting the specific
plasmid. I recommend you produce a COMPLETE restriction map,
looking for unexplained bands or unexpected band sizes. Don’t just cut
out the insert or PCR a fragment as verification of your construct!

■ Did you design the primer from accurate sequence information?
If you used a prior sequencing run to design the primer for this one, make
sure you weren’t reading sequence from a poor area of a gel when you
designed this primer. Ask the Sequencing Core Director to help if you’re
not sure the source sequence is valid.

■ Are you sure the priming site is present in *this* template?
For example, make sure you didn’t use a sequence from Mus musculus to
design a primer for a Mus castenius sequencing project.

■ Did you design the primer to function at *our* annealing temperatures?
Because we handle so many samples, we must process them all at
consensus cycling conditions. We anneal at 50 degrees C.

■ Might the priming site have been accidentally damaged?
Occasionally, cloning artifacts can create a deletion near the insertion site



or a deletion that removes the priming site. Careful restriction mapping
can detect the latter, and use an alternative primer will usually work in the
former situation.

■ Was this template a PCR product? Did it amplify correctly?
Never assume you’ve got the right PCR product – always test it. If you
know there’s an internal restriction site, cut a portion of the product and
check it on a gel. Note that sometimes you’ll get seemingly-beautiful
amplification with just *one* primer acting at both ends of an illegitimate
site. In sequencing, that primer will generate only multiple, superimposed
sequences. The other PCR primer may not have participated at all, and in
sequencing will produce only a blank lane.

● The lane was blank THIS time, but the exact same sample worked fine before!

○ Your sample may have been weak before when you say it “worked”. A weak lane,
when repeated, will often be blank, and vice-versa. The two outcomes (weak and
blank) are often interchangeable, and which you get is a matter of luck,
depending on how noise-free is the lane to which your sample was assigned.
Check the signal strength of the previous “good” lane and if it was below G=150,
you probably just got lucky before.

● The lane was not blank but was uniformly poor.

○ Please consult the following table.

The technician said my
sample was weak, but
another time it worked
perfectly! How can that
be?

Your sample probably produced only weak bands before, too,
but you were luckier. Please see the next section.



There are bands, but they
are weak and noisy, or
even uninterpretable.

Check your chromatogram for text like: “Signal G:523 A:428
T:617 C:530”. On a printed chromatogram, it’s near the top. For
electronic chromatogram-viewing programs, look for an ‘Info’
window. These signal-strength numbers are an indication of
the relative fluorescent strength of the bands in your lane. We
typically examine just the G signal to simplify comparisons.
Good samples will have a G signal of 400-2000.

If your signal strength is below 300, background bands that are
normally too low to see will become very evident and will
interfere with base-calling. If your signal is below about 80,
your peaks may get lost in the background noise, and we will
report only a blank lane. See the above section, regarding
reports of “no bands”. The possible causes are almost the
same as those for weak bands. You might get lucky
sometimes. Baseline noise varies from lane to lane, run to run,
and instrument-to-instrument. If you happen to get a low-noise
situation, even a sample with a G signal of 50 will give great
sequence. That does NOT mean the sample is OK! The next
time, that exact same sample will bomb, because the noise
was too high.

There apparently were
bands, but the technician
reported “poor resolution
from the start”.

You probably have a contaminant in your template that caused
a loss of resolution in our capillary electrophoresis instruments.



The bands are present
and strong, but irregularly
spaced, or with mixed
colors. The technician
may have reported
“superimposed
sequences” or used the
phrase “peaks on peaks”.

If you see this, you usually have two sequences superimposed
on each other. There are several common causes:

● The sequencing primer binds to two (or more) sites on
the template.

● There are two (or more) templates present.
● This was a PCR reaction, and you didn’t remove the

original primers.
● This was a PCR reaction, and one primer generated

*both* ends.
● This was a PCR reaction, and there is more than one

amplified species present.

A similar outcome is often seen in which the bands start out
fine, but later on become superimposed. This is described
further down this page.

Here’s an example of ‘mixed peaks’ such as might arise from
two or more unrelated templates:

Another example, this time with templates that might be
related. Note the alignment of the peaks:



●
The sequence looks OK in some spots, but not others.

○ Please consult the following table:

Bands start out normal (or
even over-sized) but decline
rapidly – “ski slope” effect.

The ‘ski-slope’ effect is best viewed using a program of
ours that “crunches” an entire chromatogram into one
panel. Below is an example (actually, a fairly mild example
of a ski-slope):

This is not well understood, but here are four possible
explanations: (i) salt in the DNA, (ii) too much DNA in the
reaction, (iii) an unknown impurity “poisoning” the Taq
processivity, or (iv) an unknown contaminant increasing the
binding of dyes in the enzyme’s active site. The latter effect
can arise from free NTP’s in the sample, and *perhaps*
from a contaminant that disturbs the divalent cation
concentration (EDTA, Mg++ etc).

Since February 2001, salt is the most common cause of the
‘ski-slope’ effect. Capillary electrophoresis instruments
such as our ABI Model 3700 sequencers are quite sensitive
to the presence of excess salt. It tends to favor detection of
smaller fragments over larger ones. Our purification
protocols are designed to minimize this problem, but it still
occurs at times.

The terminator concentrations are carefully adjusted to
statistically favor long extension, and the enzyme is
modified to be able to accept bulky dye molecules as
substrates. Several of the possible explanations given
above for the “ski-slope” effect all work by increasing the
statistical likelihood of early termination.



The sequence is generally
good, but there’s one place
where a huge green (or red or
black) peak obscures
everything under it. The peak
shape is clearly abnormal.

This is a common artifact of automated sequencing that
arises from complexes formed between the sequencing
dyes and unknown other components (often contaminants).
There are two things that cause this artifact:

First, if our sample cleanup is flawed, we might have left
excess unincorporated dyes in the sample. We’ll usually
catch this, since it’s pretty obvious on the gel image.
Second, your sample itself may have a contaminant that
binds unincorporated dyes.

In either case, you may be able to manually re-call the
bases “underneath” the blob-peak. If the Core techs feel
this is not possible, and if the “blob” appears to arise from
our own processing problem, then they will initiate a
no-charge repeat for you automatically.

Here’s a typical example of what we call a “dye blob”:

Some bands in the first 100
nucleotides show all four
colors, with green being the
largest.

Between roughly April of 1996 and January 1999,
excessive amounts of DNA in the reaction caused ‘A’
residues to display multiple colors. The largest peak was
always green, and this only happened in the first ca. 100
nucleotides. If you see this artifact in an old chromatogram
from that period, may safely assume the base is an ‘A’ if
your multi-colored peaks fit this description.

NOTE: We have not seen this artifact since changing to a
newer type of dye, in early 1999. This section being kept
primarily as a courtesy to clients of other Cores that still use
these older dyes.



Your sequence proceeds
normally, then the bands
abruptly become much
smaller.

Secondary structure in the template is the most likely cause
of this problem. The polymerase is presumably unable to
progress through some stem-loop form. Are you trying to
sequence an siRNA (RNAi) construct? These will almost
always exhibit strong sec-structure effects. A couple
possible solutions: (i) try resequencing by selecting “Sec.
Structure Template” as your DNA type (this usually is the
best solution by far!), (ii) try to sequence from another
primer at a different position (closer or further); (iii)
sequence the other strand.

Here’s an example of a secondary structure effect:

Your sequence proceeds
normally, then the bands
abruptly vanish.

This usually happens when the template DNA has simply
stopped, for example if it was restricted at a downstream
site or if the template was a PCR product. This may also be
caused by an extremely stable secondary structure. See
the section above for suggestions on how to sequence your
template.

Some peaks seem to be
missing. The machine called
an ‘N’.

If the peak just *before* the missing one is green, this is
normal. The enzyme we use has difficulty adding a ‘G’
immediately after ‘A’, with the result that the peak will be
much smaller. Check to see if your ‘N’ has a small black
band below it and an ‘A’ immediately before. If so, it’s a
‘G’-after-‘A’ dropout.

The chemistries we use are no longer likely to cause
“dropouts” as described in the preceding paragraph. Band
intensities are much less variable with these newest dyes.



Your chromatogram proceeds
normally, but the bands
become broad and low after
only a couple hundred
nucleotides (or 50 or 400…).

The resolution of the gel normally decreases after perhaps
750-850 nucleotides, which is normal for a Model 3730
sequencer. You may be able to get good reads as much as
900 nt out, but only rarely and then only with exceptionally
clean template.

If the peak resolution decreases substantially earlier,
however, see the next section.

The technician reported “loss
of resolution after [nnn]
nucleotides”.

You probably have a contaminant in your template that
caused a loss of resolution in our capillary electrophoresis
instruments.

A typical example of a “loss of resolution” artifact:

Early
on, the
sequen
ce is
fine:

Before
long,
problem
s are
evident:

Too
soon,
resolutio
n is lost
completel
y:



The first 10-20 nucleotides are
obscured by huge,
trashy-looking peaks, then
normal sequence is seen
thereafter.

The most likely explanation is that your primer is formed
self-dimers and the ‘trash’ peaks are from sequencing on
itself. All primers should be designed using a computer, in
order to avoid such artifacts. Most common primer design
programs will avoid primers that form self-dimers.

Alternatively, if your sample is a PCR product, these large
peaks may arise from a small PCR product contaminating
your main band. You wouldn’t even see such a product on
an agarose gel, if it is small enough. Cut your PCR product
out of the gel to isolate a single band, and try again.

The first 20-50 nucleotides are
fine, but suddenly the
chromatogram shows mixed
peaks or terrible background.

We often see this when the template DNA is actually a
mixture of two clones that are identical up to the cloning
site and diverge thereafter. To avoid this problem, you
should always streak out your clones to single colonies to
ensure they are completely clonal.

Alternatively, your primer could be sitting down on two
independent sites within the construct, and generating
identical sequence on those two sites up until the point
where the two sequences diverge, whereupon you get the
peaks-on-peaks effect. This is common when you’re
priming inside an insert and you’ve accidentally inserted
*two* copies of that insert. Other structural errors can
produce this type of effect as well.

Here’s an example of two mixed clones, identical in
sequence until they hit the cloning site:



The sequence looks great until
it hits a polyA (or polyT), and
then the bands rise and fall in
waves.

This is called “polymerase slip”. It happens when the
growing strand temporarily dissociates from the template,
then reassociates at a different spot – say, one nucleotide
forward or back from where it started. If this happens often
enough (as it will on polyA or polyT templates), every
individual band becomes a family of closely-spaced peaks
giving a ‘roller coaster’ look to the chromatogram. Try
sequencing in the other direction from the opposite strand,
or try another primer either closer or further from the
homopolymer region.

The following is an excellent example of ‘polymerase slip’
on a homopolymeric tract:

Loss of Resolution
If the Sequencing Techs say of your sample something like: “poor resolution from start” or “loss
of resolution after 220 nt”, you need to read the following description of the problem and
suggestions on how to prevent it.

DNA sequencers based on capillary electrophoresis are sensitive to the presence of certain
contaminants that were not a problem with the old gel-based machines. These contaminants
may not affect your sample in any way other than sequencing – you may be able to PCR them,
restrict them or even transfect them with no problems.

We do not know the exact nature of these contaminants, but we know how they typically get into
your samples, and we know how to remove them.



Here’s a very typical example of a Loss of Resolution
(LOR) sample:

Early in the run, we see reasonable resolution:

50 or 60 nt further on, it’s obvious something is
wrong:

Another 120 nt, and the resolution is terrible – the
sequence is essentially uninterpretable:

We have strong reason to believe this is caused by an
unknown contaminant in your template DNA.
Read the section at the bottom of this page for why we know this to be true.

Here’s what you can do to fix the problem:

● Clean up your bad samples:

Here are three suggestions for removing the unknown contaminant:

1. Perform a phenol-chloroform extraction on your template DNA.
2. Perform ammonium acetate-isopropyl precipitation on your template DNA.



3. Pass your sample through a Sephadex G50 spin column.
● Don’t let the contaminant get into your samples in the first place:

Mini-preps are the most common LOR samples, and many Cores have observed that
overloaded Qiagen preps (or similar silica preps) are at fault. When you overload these
plasmid prep kits, they leave many impurities in the DNA. Do at least one of the
following:

1. Grow your minipreps for a shorter time. 12 hours is good, 8 hours is better. Yes,
your yield may be reduced. The DNA will sequence better, though.

2. Grow smaller bacterial cultures. Be conservative! If the kits says no more than 5
ml of lysate, limit yourself to 3 ml! Yes, your yield will be reduced. It’s worth it.

3. I’ve heard rumors that certain E. coli strains are particularly problematic –
specifically the ‘JM’ strains (JM101, JM105, etc). Be especially conservative
when prepping plasmids from these strains.

● The Sequencing Core is working to help on our end as well:

I mentioned above that Sephadex G-50 spin columns can remove the mystery
contaminant. We in fact use Sephadex as part of our sequencing protocols. Ours are
optimized primarily to remove unincorporated dye-labeled nucleotides, but we have
tested some protocol changes and alternative column sources that seem to minimize the
incidence of LOR. Improvements since February 2003 have primarily been due to this
effort.

DO NOT count on us solving this problem! It is primarily a template purity issue, and we
cannot promise to get good sequence from bad templates.

For those who want more information on this artifact,
what causes it and what prevents it, you may want to
continue reading.

There are four known causes for the LOR problem.
Three of the failure modes are within the Core itself, and are relatively uncommon. We watch for
them all the time. The last failure mode is very common, and is a characteristic of entire sets of
samples. In other words, it is a sample prep problem on the part of our client.

The known causes of the LOR problem are:
Air bubbles in the electrophoresis capillaries



If a capillary is partially blocked by an air bubble (which occasionally occurs during filling of the
cap with electrophoresis medium), the sample in that capillary will exhibit extremely poor
resolution (if it elutes at all).

This results in sporadic failures of individual samples out of sets that otherwise gave
good results. The Core will always repeat samples exhibiting sporadic LOR.

Plugged cuvette flow ports
The flow paths in the instrument can become blocked, in which case an entire set of samples
will fail with loss-of-resolution – every sample, including standards.

We have not seen this problem in our lab.

Overloaded lanes
We have been told by other Core facilities and by the sequencer manufacturer that excessive
amounts of sample (sequencing termination products) in a capillary can cause a loss of
resolution much as we describe.We have never seen this effect, and in fact have tried to
reproduce it with no success.
Contaminated samples
We have time and time again seen entire sets of samples produce LOR, when the rest of the
samples in that set (including standards) look fine. Samples such as these, when re-run, always
give the same result – LOR. When the samples are cleaned up (e.g. by phenol-chloroform
extraction or ammonium acetate – isopropyl precipitation) they produce excellent results.

We can only conclude that there is a contaminant in the samples that reduces resolution
in our machines.

Why Does Sequencing Fail?
In the Sequencing Core, we examine virtually every lane from every sample we sequence
(excepting only some high-volume bulk jobs where we negotiated minimal technician
involvement). We diagnose the problems whenever we can, and some problems just keep
coming up again and again.In addition, the Director spends considerable time with clients who
have had problems, and carefully examines their experimental design and their protocols for the
cause of the failure. The following table is a compilation of the most common failure modes
seen in the Advanced Genomics Core.

Here are the most common reasons that sequencing samples fail:

This is SUCH a common problem, I’ll break it down into sub-categories:



● Inadequate template concentration
○ trying to spec a miniprep plasmid or a PCR product
○ spec readings too low to be accurate
○ inexperience at gel estimation of band intensity
○ failure to check PCR product concentration
○ spec reading with excessive RNA present
○ spec reading with excessive genomic DNA present

● Overloaded miniprep purification devices (“Loss of Resolution” samples)
● Failure to streak clones to single-colony
● Calculation error in primer concentration
● Multiple priming sites present
● Multiple inserts present (gives multiple priming or stem-loop)
● Sequencing incorrect PCR products
● Failure to fully characterize a new plasmid construct
● Secondary structure in clone (siRNA constructs, etc)
● Homopolymer tract (e.g. 3′ sequencing on a cDNA clone)
● Salt contamination in sample (“ski-slope” effect; typically gel-eluted frags)
● Mis-paired primers (cross-species primer design, inaccurate sequence basis)

Less common, but still significant:
● Free dNTPs present in template
● Primer dimers
● Primer Tm too low
● Mixed-up samples and/or primers (i.e. mixed up in the client’s hands).


