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CHAPTER 3

Troubleshooting in chain-termination DNA
sequencing

E.SALLY WARD and CHRISTOPHER } HOWE

i. INTRODUCTION

Although didcoxy sequencing is regarded by many as the method of choice for any
large sequencing project, it is often found to be a rather more difficulr technigue than
chemical sequencing to set up afresh in a laboratory. This chapter is intended as a guide
to the problems most frequently encountered, and should be consulted in conjunction
with the two preceding chapters. Tt is aimed at the laboratory which has expertise in
the elementary aspects of handling nucleic acids, and therefore does not cover the
problems associated with routine operations, for which the reader is insicad recom-
mended to consult the many molecular biology recipe manuals available (e.g. 1-3).
Many of the problems discussed here will be seen as completely trivial to an experienced
sequencer—we make no apology for including them, as this chapter is aimed at the
beginner for whom even the most trivial problems can appear insurmountable. Problems
specifically associated with sequencing of double-stranded DNA are covered in
Chapter 4.

2. PROBLEMS ENCOUNTERED IN CLONING
2.1 Generating recombinants for transfection

The first indication that probicms are occurring in the cloning of DNA (usually specific
restriction fragments, end-repaired fragments produced by senication or DNase
digestion, or material produced by exonucleolytic degradation of larger fragments) into
M3 generally arises after the transfection of host cells with supposedly recombinant
M13-insert molecules. It is therefore important to include suitable controls in the trans-
fection. The more informative transfections arc shown in Figure 7, together with the
expected and idealized resuits on plates containing Xgal and IPTG. Of these, trans-
fections (i), (ii) and (vi) are the most important. Deviations from these patterns indicate
various problems, and are discussed below, in order of decreasing frequency.

2.1.1 Transfection (i) gives few white plagues—other results as expected

This indicates that the vector-insert ligation has failed to take place, although the vector
can self-ligate prior to phosphatase treatment, since (iv) gives many blue plaques. One
of the most likely causes is that the molar ratio of vector DNA to inscrt DNA may
be suboptimal. This can be identified and rectified by repeating the ligations at a range
of vector-inserl ratios.
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Troubleshooting in chain-termination sequencing

Expt. Vector cut Vector Ligase [Insert Expected Idealized

No. with RE? phosphatased? added? added? Blues/Whites  Blues/Whites
(i) Yes Yes Yes Yes Few/Many None/Many
(iiy Yes Yes Yes No Few/Few None/None
(il Yes Yes No No Few/V .few None/None
(iv) Yes No Yes No Many/Few Many/None
(¥} Yes No No No Few/None None/None
(vi) No No No No V.many/V.few V.many/None

Figure 1. Transtections useful in M13 cloning. The significance of the reactions 15 explained in the text.

Another likely cause is that the insert material is unsuitable, either because it contains
ligase inhibitors (which may be present as a result of extraction of DNA from gels)
or has unsuitable ends (which may be due to inefficient end repairing, or nuclease
contamination of the restriction enzymes used to generate it). The presence of ligase
inhibitors can be demonstrated by repeating (iv) with insert added, resulting in inhibition
of vector self-ligation and a dramatic fall in the number of blue plaques. If this is
consistently found to be the problem, a different source of gel material or method of
fragment isolation should be employed. Note that certain agarose preparations contain
rather efficient inhibitors of ligation that may be extracted from the gel with DNA,
probably including tree sulphated polysaccharides (1) so this may be a problem if insert
material has been isolated using low gelling temperature agarose (unless the latter is
known to be of good quality). Other ways of isolating DNA from gels include electro-
phoresis onto DEAE-cellulose paper (4), NA45 membrane (5), or dialysis membrane
(1,6), and electrophoresis into wells cut in the gel (1). Alternatively, further purification
of the extracted DNA may be attempted, for example using ‘Elu-tips® (3) or Spin-X
tubes (see Chapter 1, Scction 3.3.15), If the insert material has unsuitable ends, end
repairing should be repeated, with altered incubation times or amounts of polymerase
if nccessary, or alternative restriction enzyme preparations should he tried.

The problem can on occasions be caused by contamination of the phosphatase with
nuclease activity, or failure to purify the vector fully away from phosphatase. Provided
the phosphatase is from a reputable source and has been used and stored carclully,
nuclease contamination is not usually a problem, although there is often significant
difference in nuclease activity between batches. Repeated heat inactivation of phosphatase
and phenol extraction should remove phosphatase contamination from the vector. The
greater the white:blue ratio in (i) than the ratio in (ii), the safer the plaques in (i) are
1o usc.

2.1.2 Many blue plaques in (i) and (ii)—other results as expected

This indicates that the vector DNA has not been adequately phosphatased, and therefore
self-ligation is taking place. Phosphatase preparations as supplied (e.g. lyophilized or
in glycerol) are generally stable at 4°C. Once diluted, storage is possible at —20°C,
but not advisable. The white plaques in (i) are safe to use.
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2.1.3 Transfection (i) gives few white plagues, (iv) gives few blue plagues—other results
as expected

This indicates that the ligase has low activity, either because of defective enzyme/bufler
or because of inhibitors in the vector DNA, Replacement of the enzyme, buffer and
vector DNA should indicate the problem. It is inadvisable to store ligase buffers for
periods much greater than a week if they include DTT or ATP. White plaques in (i)
are probably safe to use.

2.1.4 Many blue plugues in (i), (i), (iii) and (v)—other results as expected

This indicates that the restriction enzyme has failed to digest the vector, leaving closed
circular material which will give blue plaques regardless of subsequent phosphatasing.
Digestion of vector should be checked by running an agarosc gel, but note that quantitics
of undigested DNA too small to be readily visualized in a gel can give a very high
background of blue plaques, because transfection with undigested vector is much more
efficient than digestion, religation and transformation. The white plaques in (i) arc safe
10 use.

2.1.5 No plagues at all
This suggests a very low transfection efficiency. See Section 2.2.

2.1.6 Transfection (i) gives many white plaques—possibly also (iv)

This indicates that DNA other than the desired insert is being ligated into the vector.
It can be caused by contamination of vector, ligase, phosphatase or buffers with low
levels of nuclcase (fragmenting some vector DNA, which is then ligated into intact
vector) or (less likely) DNA. Systematic replacement of each of these components should
indicate which is at fault. White plaques in (i) are NOT safc to use.

2.1.7 Many white plaques in (vi), and probably others

This indicates contamination of the vector strain (see Section 2.2.2). A blue plaque
picked from (vi) may be safe to grow up more vector DNA. White plaques in (i) are
NOT safe to use.

2.1.8 No blue plagues at all, but many white ones

This suggests that the IPTG or Xgal have been omitted or become inactive, or thal
the colour has simply failed to develop. This can be caused by incubation at oo high
a temperature. Leaving plates out on the bench or at 4°C for a few hours may enhance
blue colour. The wrong host strain may have been used (see Section 2.2). White plaques
in (i) are probably unsafe to use.

2.1.9 Very few plaques in (i)—(v); (vi} as expected

This is likely to bc caused by severe nuclease contarnination. Integrity of DNA can be
assessed by gel electrophoresis (although this may not reveal low levels of exonucleolytic
activity). Demonstration of endonucleolytic activity may also be possible by incubation
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of uncut DNA with bulfers or hgase, followed by transformation, when a significant
reduction in the number of blue plagues would be expected  Any white plagues m (n)
nay not he safe to use.

2.2 Problems in transfection
2.2.1 Srandard wucrobiological technigue

Seme of the problems encountered here are “trivial” ones associated with pouring suitable
lawns and so on. The most common ones are

(0 Large clear areas up 1o 1 om in diameter. 'Phese are usually causcd by condensation,
generilly resulting from inadequate drying of plates before pouring lawns. Plates should
also be incubated with the agar side uppermost (eosuring that the soft agar has sel before
inverting  the plates). Clear areas may be plagues caused by contaminating
bacteriophages, many of which will give much larger and clearer plagues than M13,
Suspect media should be autoclaved and discarded, and scrupulous attention paid to
sterilizing equipment and media before use.

(i) Streaking of plugues. Instead of being circular, plagues have a ‘comet-shaped’
appcarance. This s also usually due 1o inadequate drying of plates,

(i1} Mottling of lowns. The lawn has a very uncven appearance, which makes it
impossible to distinguish plagues. This is usually caused by partial sohdification of the
top agar before pouring,

2.2.2 Transfection
(i} A very thin fawn, with no plugues visible, 'This usually indicates more or less confluent
lysts. It s unlikely that all the transfections outlined above will lead to confluent lysis,
and a more probable explanation is that the media or the host culture used are
contwnated with another phage. not necessanly M3 Fresh media should be miade
ap. and a new host culture set up. Contaminated media can be identified 1f necessary
by spolling a few microhitres of suspect material on a freshly seeded Tawn. allowing
tor dry hy leaving the plate open near a lit bunsen burner and then imcubating.

Another cause of a very thin lawn can be top agar which is too hot. If the vessel
containing the molten top agar cannot be comfortably held in an unprotected hand, the
agar s almost certaimly too hot, and will kill most of the cells before plating. Top agar
should remain molten in a 42°C incubator or waterbath, at which temperature it should
he quite safe 1o use
(i) An apparently normal lawn, with no plagues visible. 1t 1s unlikely that the cells
will fail to become competent, so before discarding such plates, cheek that there are
indecd no plagues. [f the lawn was seeded too thickly (1 c. too many cells used Tor
cach transformation) then the plaques may be 100 small to be readily distinguished withowt
carciul cxannation, Tiny plagues may also rise from the msertion of 1o large a piece
ol DNA, slowing down phage replication and also increasing the selective advantape
ol any deletion mutants that arise. Furthermore, deletion mutants may themselves give
small plaques.

It seents that a lack of plagues can also be caused by use of top agar which 1s too
hot (albeit not hot enough to kill the cells as stated above). Possibly this causes some
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physiofogical shock, which mbibits the prowth ot phage in the ost

The effect can also be caused by & loss of the B2 plasnid from the host. This resolts
in a foss ol the sex pilus, which s required for the phage 10 infect cells Continued
subcubturmg of the host stratn i a rich broth or on rich plates 1s the commonest cause
of this, as there 15 consequently no selection lor retention of the plasiid. Clultures ol
the host strain should therefore be setup by oculating broth (usually Y'T) withya single
colony trom a mimunal plate (which therefore lacks proline). The ability to synthesize
prolme depends on genes on the ¥ plasmid for all hosts used in sequencing work, so
selection tor proline prototiophy cnsures the presence of the plasnud. Genotypes ol
the (wa strinns most commonly used and a recipe for I selection are given in Secetion
2.2.3.

IMLEOT (7) K12, A{lae proy suptithi YF tra)360proA ' B a1 ZAMILS

TGU ) K12, Alac prodsapbithe VisdDS ViraD36proA ' B Hacld . ZAMIS

Minimal medive 2% agar in distiled water autoclave i 300-ml quantities, add 100 1
of mmunal salts to 300 ml of molten agar, carbon source {e.g. glucose) 1o 0.4% w/iv,
thinnune to T mg 1 UMl salts: KGHPO, 28 2, KHPO, 8 g, (NH,S0, 4 g,
(Naysentrate 1 g MaSO, 0.4 o, distilled water 1o 1 htre, autoclave i 100 ml quantities

223 Srramn genoivpes and profine selection

3. PREPARATION OF SINGLE-STRANDED DNA

Mast ot the problems associated with this set ot operations do not become apparent
until the sequencing gels themselves have been run and the autoradiographs developed.
A few pomts may be worth making, however. Generally, the pellet produced by
NaCl/PEG precipitation of the M3 phage should be tairly readily visible, and about
the size of a pinhead. 11 the pellet s much Larger, 1t 1s possible that the cultures were
incubated tor too long during growth of the phage, or that the cell density of the starting
cubture was too great. This is likely to Tead o degradation of the DNA, (as a consequence
ol cell lysis) and therefore a high level of artetact bands in the sequencing gels - see
Scction 4.1.3 and Figure 2.

A number of factors may cause the pellet to be very small, or even invisible. The
maost obvious is a Ealure to inoculate the culture with sulficient viable phage. This may
happen il the plate contaiming the plagues has been kept for too long betore using them
tor prepare single-stranded DNAL The “hie expectancy” of plaques on a plate is virriabie,
but rdeally one should amm to use them within 24 h ol their gencration. [ they are kept
for longer. storage in a retrigerator 1s necessary - Deletion of the insert (see Sections
2.2.2 and 4.1.2) 15 alse more Likely the longer the plaques are kept.

Low yicld may alse be due to having toa low a cell density at the time of inoculation
with phage, or using an upsuitable host stram. Aside from the possibality of contamination
with strains that do not support growth of M13, this problem may again be caused by
loss of the B plasmid, resulting in fewer cells in the culture being infected by phage
and thus giving a ower ntre, 'This problam can be civcumvented by use of colonics
micked off a selection plate which docs not contam proling (see Section 2 2.2 and 2 2.3,

High or low growth temperatures may also inhibit phage growth, so the incubalor
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Figure 2. Eflcet of growth conditions on ssDNA terpliate prepasation. Lanes -4, T, C G A tracks of eisplate
isolated from cells grown Tor twice he normal leagth of tine (10 W), after infection of an Kseferiviio coli
culture of tour times the osuak cell density Lanmes §—8; T,C,GLA tracks of wcmplate solated Trom ool
cells atter inlection of a cullure ot four times the usual cell density . and grown for 5 b post miccuion Lanes
912, T, C.GA tracks ol templine wolated hrom Focoli cells grown for twice the normal lenpth of tnxe
alter mfecton

should be checked. Good acration of the cultures 1s also important [or phage infcetion
and growth, so they should be shaken at 200 - 250 ropan. during growth. Even if the
phage pellet is scarcely visible at all, however, it is worth continuing with the DNA
preparation, although it may be helpful to dissolve the IINA produced at the end in
haif the usual volume of buffer, to avoid having a very dilute solution for scquencing
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{which would then require prolonged autoradiopraphy). Note that, cven with a normal
sized phage pellet. one should not expect 1o sec a nucleic acid pellet at the end of the
preparation, although some ‘ghosting” may be apparent at the buttom of the centriluge
tube. A clearly visible pellet usually indicates contamination ot the DNA, most likely
with salt (i.c. the sodium acctate used in precipitation) or chromosomal DNA, but
possibly also PEG or phenol, and will usuatly result in poor uality sequence (see Section
4.1.3). It may be possibic to rescuc this by redissolving and then reprecipitating the
DNA before sequencing, but 1t is sensible 1o try sequencing with the DNA it to
determine the seriousness of the problem.

4. PROBLEMS ENCOUNTERED WITH SEQUENCING REACTIONS AND GELS
After preparing the single-stranded DNA, the next stage at which problems are likely
tir manifest themselves is when the autoradiograph of the sequencing gel has been
developed, and the sequence is found to be too (aint, the bands are too diffuse. or there
are hands in more than one track at the same level. Some of these problems cannoet
be casily rectified, and allowance must then be made in reading the gel. Guidance on
this is given n Scetion 5. Many problems can be fairly casily solved however, and
these are discussed below, with photographs of specimen gels illustrating some of them,
Deleets are grouped according to whether they are caused by deficicneies m template,
priming, scquencing reactions or electrophoresis.  Note however that different
deficiencies can give rise to the same overall appearance

4.1 Poor quality template

This is probably one of the mast common areas of difficulty, and one cun oflen expect
one's very first template preparations to be of rather low quality. without any onc
particular fault predominanting, With practice, a rapid improvement is usually scen.
It should alse be mentioned that the quality of template needed is often determined by
the DNA polymerase used. Some preparations will give perfectly adequate sequence
from even quite low quality DNA, which might give totally unrcadable results with
other enzyme preparations. In our expericnce, ‘Sequenase” (Chapter 2, Section 3.3)
is less affected hy poor quality DNA preparations.

4.1 1 Sequence of good quality but very faint
This is likely to be due simply 10 a low yicld in the DNA preparation (sce Scetion 3).
A longer exposure in autoradiography may be sufficient 10 compensate, but this will
slow down a sequencing project of any size.

Contamination of DNA pellets with salt causes a dramatic inhibition of polymerase,
resulting in very faint gels The sequence often also has artefact bands (see below)

4.1.2 No sequence visible at all

This can be due 1o a complete failure of the phage to grow (in which case no phage
pellet would be seen) -see previous paragraph and Sccuon 3. Alternatively. deletion
of part of the phage genorie may generate mutants which give white plaques on Xpal
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plites. but to whose DNA the primer cannot anneal Such defeton mutants may olten
outgrow the other phage. They are more likely 1o be o pnoblem on plates which have
been stored for some time alter transfection.

A L3 Sequence shows a hugh occus reree of cartefect bands (i o bandy ai the same level
inomore than one irack)

Contannnanion wih salt and/or PRG are often blumed tor generating artelact bands,
and adso making bands more ditfuse. In our hands, PEG at least 1 not usually a major
problem Gndeed dehiberately adding PEG 1o the DNA preparations had no sipnificant
electy, bul this may be a reflection of the casyme preparation used (see Section 4.3, 1),
Increasing the amount of enzyme added may help o reduce the number of artetact bands,
Note that i high salt concentration will allow o less stringent anncatimg between primer
and templide This may be parteuliuly probiematic if the template is contaminated with
chromosomat DNA .

Artelact bands can also be catised by micking of the wemplate DNA during preparation,
often as i result of meebating the cullires for 0o long betore harvesting the phage,
or having too high a cell density at the start of the incubation (Frgure 2). 1 is probable
thitl some cell lysis oceurs, liberating nucleases which attack the DNA. RNA fragiments
may also be released. and act as random pruners in sequencing,

Oceastonally, artefact bands throughout a sequence may be generated as o result of

careless picking of plagues for phage growth, resulting 1 picking a nuxture of two
dilfercat phage. This wii obviously result i the sUpCIposition of two sequences (not
necessarily of cqual intensity) throughout, but should be found only i isolated DNA
preparations withim one batch. Tt is more hikely (o be a problem when plates have not
been properly dried and condensation spreads phage particles over the surface of the
Liwit, when the plague density 1y very high, or when plites have heen stored {or several
days betore using the plagues, since phage partcies can diftuse through the solt agar.

Smgle-stranded DNA preparations should be kept frosen, when they arc penerully
quite stable. Repeated frecse thawing should not usually be necessiry, as any one clone
should not need to be sequenced more than a few times af most. Although a few cycles
of freesethuwing do no usually dead to marked deterioranon of sequence quakity
(notubly the appearance of artefact bands combined with a general reduction in band
inlensity), this should be avoided as far as possible. I it is necessary w make fresh
template from a single stranded DNA stock, this can be done by transfection n the
usual way, cven though the DNA iy single-stranded. Generally 1 pl of a4 100 % diluted
stock of sequencing einplate gives a suitable number of plagues on the lawn, Note
that & small proportion of molectles 1 the stock imay contain deletions or other
rearrangements. so it s advisable 10 work up several plagues from the retransfecred lawn

4.7 Priming

4.2.1 Sequence of good quality bt Sfeuni

This can be caused by using 100 low a concentration of primer, or by carrying out the
anncalmg it much too low or high a temperature (Figure 3). Repeated freeec-thawing
of the primer will bring about 1ty degradittion, which will also make the sequence rather
famt In addiion, non specific annealing of primer flaginents may increase the
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Figure 3. Lffcet of primer conceniration on sequenying wu‘t“u‘nn\ Lanes 1 -4, l'.l(.‘,l(iﬂ.t\ l:'e:;;k(‘;-ﬁﬂl l%""!"::'.‘i
usimg 15 picomoles ol primer per track Lanes 5-8. 1.C.GUAL tracks ol lL‘Il=lp|.ilLl ‘UHIIIL ! ,Vp‘n:u:lr]‘(l{i
of primer per track Lanes 9 - 120T.C.GUA racks ol 1(?111])]&[&(; using, (0 005 pream u.‘ l(s‘ |:\|u.1la.l~k| Ll \ (‘} &
For lanes 1— 12, primer was anncaled o icmplate at S‘S ,..M.l C Fanes 13 16, 1,C.CA tracks of (107
picamoles ot primer per track annealed to template st 207

backpround of artelact bands. Stack solutions of primer should be kept in small aliguots
at —207C (or below) to avoid excessive freezing and thawing.

4.2.2 Sequence has many artefact baneds, but oy not faint (may be abrormally strong)
This can be caused by having too high a concentration ol primer The artefact bands

penerated often have a rather uneven spacing, by comparison with “normal” artefact
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bands. A titration of various primer concentrations with representative templatc DNA
preparations will usualy indicate the optimal quantity to use, and should normally bhe
carried vut when starting a new batch of primer. See Figure 3.

4 3 KSequencing reactions
4.3.1 Sequence has many artefuct bands

Assuming the quality of the template i1s good, the most ikely cause of this is the
polymerase preparation used. As mentioned earlier, some polymerase preparations
appear more tolerant of suboptimal conditions than others, and increasing the con-
centration ol polymerase may he helpful. Anything which is likely to decrease the activity
ol the polymerase should be avoided. Factors which are important here include keeping
the polynierase stock at —20°C (but not at - 80°C, when the repeated frecze-thawing
needed witl rapidly denature the enzyme), avoiding diluting the enzyime until just hefore
it is to be added to the reaction mixes (regardless of whether the diluted enzyme is
kept on ice hefore addition), and the temperature at which the reactions are carried
out (although we see little difference between reactions carricd out at room temperature
and those carried out at 37°C, exeept when templates have a high degree of secondary
structure). Of particular importance, however, seems to be the quality of dithiothreitol
added 10 the sequencing reactions. This is especially so when (as is now usual) sequencing
is carried out with Jee- PS[JATP rather than [e-2PIAATP. DTT solutions arc not very
stable, even at —-20°C, a lact which is cxacerbated by repeated freeze-thawing.
Deterioration of YT can result in the appearance of artefuct bands and reduction of
intensity of genuine bands in the gel, especially pronounced in regions nearer the top
of the gel. Different (racks may show this to greater extents very often the € wack
is one of the first to be affected. Although it is not necessary to make up a fresh DTT
solution from sehid cvery day, it is wise to do so each week, and divide it into aliquots
1o avoid freezing and thawing. Solutions of DTT have a characteristic smcell, and any
diminution of this smell usually indicates deterioration of the solution, which should
be discarded.

Attefact bands restricted to one track can be duc to an unsuitable nucleotide mix (see
below). This track will usually be sigmificantly fainter than the others., Cross-
contamination of mixes will also, obviously, lead to artefact bands.

4 3.2 Uneven distribunion of radioactivity throughow the gel

I s somietinmes the case that the bands towards the bottom of the gel are much more
intense then those turther up, so that it may be possible to read the scquence over only
a sall part af the gel. Phis usually indicates that there is an imbalance in the maolar
rahios of deoxy and dideoxynucleotides, so that most chain-termination is taking place
carly on. it 15 a snmple matier 1o run a series of reactions with varying ratios o find
the opumun Often this problem is restricted 1o one track (see Figure 4). A severe
disturhance of the ratio can lead to the gencration of artefact bands. Efficient sequencing
ol regions with markedly abnormal base composition may require compensating
adjustments to the nucleotide mixes.

U an apparent nnbakuwe i ratios appears, when previously there had been no problem,
then 1t s hikely that one of the components of the reaction mixes is deteriorating. Although
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Figure 4. Effect ol nucleotide mixes on scquencing reactions. Lanes T—401,C G A tracks wath twice wsual
amounts of d1in T nuclecude mix. Lanes 5—8, T.CGA tracks with twice usual amounts of dC i C nuclentide
mix. Lanmes 9—12, T.C.G.A wacks with twice usuad amounts ol dGoin Gooucleotide mix. Lanes 13— 16,
T.C.GUA tracks with wsual amounts of nueleotides inafl four mixes {lo composition of nueleotide mixes
see Chapter 2, Table 2)

the effect of this is likely to be greatest in one track, 1t can be expected 1o reduce the
quality of other tracks too. When beginning sequencing for the first time 1t is wise o
buy fresh stocks ot nucleotides. aliguot the stock solutions and avoid freeze-thawing.
Very often a nucleotide solution which has heen found perlectly suitable for other
biochemical purposcs will be found to be unsuitable for sequencing purposes,
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433 Progressive anverall veducion in band sriensity with e

Although the hait hiie of the S nucleus 1s some three momths, it should be borne m
mind that the chemical stability of oo PSIHATP 1 notably less, and can be stgmficantly
reduced, s ainpht be expected. by freese-thawg repeatedly

4 4 Electrophoresis

Problems encountered here usoally arise as a result of incorrect pr cparation and loading
of gel or samples, rather than i the gel electrophoresis tself The resolution obtuned
with very thin gels (0.2 mm) is particularly sensitive to the natute of the sample, and
the supplicrs” protocols should be consulted carefully

4.4V Formation of bubbles while pouring the gel

Pouring the thin gels used for sequencing requires some practice. To help avoid bubbles,
ensure that the plates are very clean and grease-free, and run the pel solution between
the two plates continvously. ‘Try to avoid pausing. or interrupting the fow. Most X ray
filn1 is thinner than muost gel spacers, so if bubbles do form | it may be possible to dislodge
them with & long strip of X ray film mserted between the plates

4.4.2 Dark specks on the autoradiograph, ofien with thin lines extending dowsnwards
This is caused by dust on the gel plates prior 10 pouring the gel Some types of paper
towel used for drying plates leave a great deal of dust. See Figure 5

4.4 3 Divintegration of sanple wells

This s causcd by a failure of polymerizauon and results i part of the well being washed
away when the comb s removed and bufler added Tt may be due to msuflicient
ammonium persulphate or TEMED., not leaving the gel for long cnough to polymersc,
or air petting o the wells. [ the Jatter 1s the case. wrapping the top of the gel in Saran
Wriap while polymerization 15 occurring may help. Degassing the gel mix may also
hetp, as dissolved oxypen inhibits polymerization.

4.4.4 Bands on gel very fuzzy, or even nor discernible

Thisis s comnon problem, and may have several causes. It can result from m lcaving
the pel for long enough for palymerization to be completed, and this shouid be suspected
if the wells do not form properly. The time needed will depend on the exact amounts
of ammonium persulphate and TEMED used as well as ambient temperature, but as
a rough guide, the gel should be left tor at least 30 mun alter pouring before use
Depassing the gel mix may help

A frequent cause is the use of inadequate gel materials, The highest grades of reapents
should be used (e.p. “Electran® acrylamide), and fltering and deionwzing carried out.
Warning of the gel mix to dissolve the urea is not advised. and should certainly be
very gende indeed (no more than about 40°C). Excessive heating may reduce resolution
later oF even bring about spontancous polymerization. Gel mixes should be stored at
470 Storage of mixes (especially those for buffer gradient gcls) for more than a menth
may also lead to deterioration

i)
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Figure 6. Effcet of overheatmg sequence reactions belore tonding . Lanes -4, T.C .G A tracks ol reactions
lowdesd after [ num of incubation at H0°C.

artefact bands and a darkish background in the tracks {scc Figure 0).

Before loading the samples into the wells, it is important to flush out any urea that
has diffused om of the gel. Significant amounts of urea can diffuse out in quite a short
time. so this should be done immediately prior to loading. It can be done by filling
a Pasteur pipetic or a syringe fitted with a Gilson tip with buffer and squirung the contents
into the well. Failure to do this results in fuzzy and rather uncven bands (sec Figure
7). Loading 100 much sample in the well will also cause fuzzy bands. As a gencral
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Figure 7. Elfect of poor gel loading on appearance of sequencing, gel. Lanes 1—4T,CGLA tracks showing
effeet of presence of excessive wreiin gel wells. Lanes 5-8; '1,C,G.A tracks showing cffcet of loading
toe targe a volume of sample in gel wells prior to clectrophuresis,

rute, this will happen if the well is loaded more than about halt as deep as it 1s wide.
Samples should be loaded as rapidly as possible and the power switched on immediately

alter loading is complete, to prevent reanncaling of the DNA in the wells.

4.4.5 ‘Smiling’ in gels

This is the name given to changes in mobility of oligonucleotides across the width of

the gel, so that they run faster in the nuddle than at the cdges. This means that bands
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wiich should be at the same level would form a U across the pel It s cavsed by
variation m lemperature across the gel. and can wsuilly be avorded by clamping a metal
sheet (2 mm thick aluminium 1s wdeal) to the exposcd gel plate. although some workers
findd this resulis 1n less sharp bands. Thermostatted plates are also available (at a price)
lor some sequencing gel apparatuses, Smilimg can usuatly be allowed for in gel reading
without mruch ditficulty but may be a problem in automated seqguencing.

4.4.0 Difficulty in drving gels down for amtoradiography

I'his can be an indication that the urca has not been sufficiently leached from the gel
durig fixation Tor awtoradiography. It may also render the bands diffusc, Fixing for
15 mn is usuaily sufficient. Note that close contact between the gel and the film iy
needed during awtoradiography, or the bands will become fuczy and very laint

5. SEQUENCE-DEPENDENT PROBLEMS

These are manifested {cspecially when using Klenow polymerasc) as localized regions
of sequence which are difficutt o read easily. Certain rules can be applied and arc
set out in more detad o rel 9 (and see Chapter 2, Section 3.3), but in general it s
advisable to ensure that the same region is sequenced on the complementary strand,
when the same problem will usually not arise. Sequencing on the complementary strand
is of course necessary in any case.

5.1 Variations in band intensity .

(1) A bands. In a run of As the bottom band is frequently the strongest.

() Chanes. Where two or more Cs are adjacent, the lowest is pencrilly much weaker
than the next one, so that the foriner may be scarcely visible Individual € bands may
also be very faint, less so i preceded by a G,

(1) GG baneds. G may be weak in the sequence TG

5.2 Artefact bands

As well ay the non specific artefacts already discussed., a few sequence specific artelacts
are sometimes (but not always) seen.

() 1GOC This sequence may cause an artefact band 10 the C track at or between the
levels of the T and G bands.

(1) GOA Here there may be an artefactual ‘1" or C at the level of the A band,

5.3 Compressions

These are probably caused by G:C hairpins forming bocalized sccondary structure in
the DNA. persisting even under the conditions of ¢lectrophoresis. This secondary
structure causes oligonucleotides to behave as though they were shorter than is actually
the case, and thus migrate faster. It is diagnosed by bands running very close together,
sometimes superimposed, usually with a gap or increased band spacing in the region
above. There are three solutions to this problem, Onc is to make the conditions under
which the gel is ran more denaturing, which can be done by running at higher power
(although this may also decrease resolution of the gel, and can cause plates to crack,
particularly 1f they are chipped or scratched) or including formamide in the gel to a
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funad concemntranon of 25 - 50%. The use of high lormanide concentiations nuty lead
1o a higher hackground m the gel however. Anothier solution 15 1o sequence the
complementary strand, when the position of the compression with usually have shitied
o+ few bases. The third is 1o use 1TP instead of GTP. as 1 C hase pairs are weaker thim
G.C ones, and secondary structures will therefore be less stable. For protocols for this,
see Chaprer 2, Section 3.2.1. Secondary structure may also lead to termination of
synthesis by the polymerase, and may lead to compressions or pile ups, Runmng the
sequencing reactions ot a higher temperature ay alleviate thas problem.

5 4. Pile-ups

Thesce ire al=o known as “walls™ They are dragnosed as strong stops in all four tracks,
often al two O IMOFC CONsLCUtve positians, and arc generated duning the sequence
seactions rather than electrophoresis, Their occurrence may be dependent on the guality
ot template and cnzyme, probably due 10 the presence ol salt. Sequencing the
complementary strand usually resolves the problem. (See also the previous section )
Carrying out the reactions at higher wmperatures, using i thermostable polymerase
("Tug” polymerase, Cetus) may help (see Chapter 2, Secuon 3 4).

6 KLY

6 | Plague generation

Incorrect insert/vector rate (2.1.1)
Poor msert matenial (2.1 1)

fncorrect phosphatasmg (2.1.1. 2 1.2)
Ligasce/buffer tuulty (2 1.3)
Ineflicicnt vector digestion (2.1.4)
Nuclease contanunation (2.10.1, 2.1.4)

insufficient white plagues

Too many whites Contamination of vector, buffers
(2.1.6)
No Xgal/tP1G or fmlure ot colour
(2.1.8)

Contamination of host (2.2.2, 2.1.7)

Plaques too smiall Lawn sceded too heavily (2.2.2)
[nsert too large/deleted (2.2.2)

Confluent plagues/very thin lawn Wet plates (2.2.1)
Conamination of host (2.2.2, 2.2.3)
Cells overheated (2.2.2)

Mottled fawn Agpar too cool (2.2.1}
No plagues Cells not competent (22 2)

11y lost/strain contanunated (2.2.2)
Nuclease contamingtion (2.1.9)
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!
i 6.2 Seguencing reactions, gels T Davis LG
Artefact bands in all tracks Dirty template (4.1.3) 1 Imkh LEM
i ! RS usubel .M
; Poor quality polymerase (4.3.1) Current Protes
'E Iixcessive {reese thawing (4.1.3, 4 DreteenG B
: 4.2.1) hl Ad:un:s.l?.S .
é ; . O Girvige §.C
; Cells grown too long/too heavily 7o Messing. ). (1¢
!: seeded (3. 4.1.3) 8. Gibson T, (19
: bixcess primer (4.2.2) N "“;mkm"‘A‘ T
1 Elsevier Scwent
Arlclact bands in one track [mbalanced nucleotide nux (4.3.2)

YTT old (especially C track) (4.3.1)

Duphcate bands Mixed template (4.1.3)
Cross-contamination of mixes (4.3.1)

Bands faint/absent Deletion in phage (4.1.2)
Low yicld of DNA (3, 4.1.1, 4.1.2)
Poor nucleotide mixcs/radioisotope
(4.3.2, 43.3)
Faulty primer (4.2.1)
Freeze-thuwing of remplate (4.1.3)

i Bands fuzzy Urca not washed out of wells (4.4.4)
Too much sample loaded (4.4.4)
Poor quality/stale clectrophoresis
reagents (4.4.4)

[Incomplete polymerization ol gel
(4.4.3)

Gel not processed correctly before
autoradiography (4.4.6)

Background dark, bands fuzzy Samples overheated (4.4.4)
Plates dirty (4.4.2)

Gel dilficult w read, though bands distinet Smiling (4.4.3)
Compression {5.3)
Pilc-up (5.4)
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