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   lllllll Technical Tips 

Optimized 
Conditions for 

Cycle Sequencing 
of PCR Products 

Joseph H. Horton, 
Michael D. Hagen, and 

Minoru S.H. Ko 

Center for Molecular Biology, Wayne 
State University, 

Detroit, Michigan 48202 

The recent development  of the cycle (or 
linear amplification) sequencing tech- 
nique has greatly improved the ability to 
sequence directly double-stranded PCR 
products, (1-3) which would otherwise re- 
quire elaborate preparation before se- 
quencing such as asymmetric  PCR (4) 
and single-stranded DNA purification. (s- 
T) However, convent ional  cycle sequenc- 
ing is dependent  on additional primers 
for sequencing-pr imers  that b ind  to 
sites internal  to those used for PCR am- 
plification. (1-3's) This is a major draw- 
back when  one considers the cost and 
effort of making  mult iple sets of primers 
for each template, especially for a large- 
scale application. Therefore, in our cur- 
rent project to develop PCR-based poly- 
morphic  cDNA markers for the mouse 
genome,  (9) a protocol for obtaining 
highly  accurate sequence from double- 
stranded PCR products using the same 
primers for PCR and sequencing was 
needed. With such a protocol, cycle se- 
quencing can be directly applied to the 
sequencing of PCR-amplified genomic  
DNA, useful in f inding sequence poly- 
morphisms  and in the analysis of un- 
clonable DNA fragments. To date, we 
have successfully obtained sequences 
from 108 templates (PCR products) de- 
rived from the genomic DNAs of two 
mouse strains. On the basis of our obser- 
vations, we present optimized cycle se- 
quencing conditions. 

The primers used were designed from 
the 3 '-untranslated region of cDNAs us- 
ing the Primer Detective program, (m) 
prepared with a model  391 synthesizer 
(Applied Biosystems), and purified by 
OPC column.  Samples of mouse DNA 
(25 ng) were amplif ied by standard PCR 
condit ions using a Thermal  Cycler 
model  9600 (Perkin-Elmer Cetus). The 
PCR products (average length, 200 bp) 
were purified after agarose gel electro- 
phoresis by pheno l -ch lo roform extrac- 
t ion to e l iminate  nonspecific PCR prod- 
ucts. Estimation of DNA concentrat ion 
was done by comparison of band inten- 
sities between a standard and samples on 
EtBr-stained agarose gels. The cycle se- 
quencing reactions were carried out us- 
ing the Taq DyeDeoxy Terminators (Ap- 
plied Biosystems) according to the 
supplier 's guide, and the samples were 
run on a model  373A DNA Sequencing 
System (Applied Biosystems). Sequenc- 
ing accuracy was defined as the percent 
homology  between the original cDNA 
sequences and our sequence results. 

In our pre l iminary  sequencing  exper- 
iments  we obtained sequence informa- 
tion while  varying DNA concent ra t ion  
over a range of 5-25 ng per reaction at 
standard cycle sequencing condit ions.  In 
contrast to previously reported proce- 
dures, (3) we found that our cycle se- 
quencing  results had a narrow range for 
opt imal  template concentrat ion,  from 5 
to 10 ng per reaction. It was found that  
7.5 ng gave the best signal intensity,  as 
well as the most accurate sequence. 

Using the supplier 's r e c o m m e n d e d  
condit ions (three-temperature PCR), we 
sequenced the first 72 templates with 
primers from both ends (Table 1). A sig- 
nif icant  port ion of t hem did not  produce 
successful results (successful def ined  
here as homology  />90%) and overall 
success rate was only 65%. We assumed 
that the actual mel t ing  temperature  (Tm) 
value of the primers was one of the pa- 
rameters having an inf luence on the se- 
quencing quality. W h e n  the success rate 
was evaluated according to the T m value 
of the primer, it was noted that  pr imers 
with Tm values <60~ were less success- 
ful (Table 1). With this idea in mind ,  we 
tried a variety of PCR condi t ions  and 
found, rather empirically, that pr imers 
with Tm values <60~ can be success- 
fully sequenced by two-temperature PCR 
(96~176 and primers with Tm values 
~>60~ can be successfully sequenced by 
two-temperature PCR (either 96-55~ 
96-60~ or 96-65~ Of the unsuccess- 
ful primers using the standard three- 
temperature PCR conditions,  58% (7/12) 
with Tm < 60~ and 39% (15/38) with T m 

~>60~ were rescued according to these 
empirical ly obtained condit ions.  

TABLE 1 Success Rate by the 
Standard Condi t ion 

Primer T m value a 

Percent fraction of 
successful primers 
(number of 
sequenced templates) 

<60~ 50 (24) 
~>60~ 68 (120) 

Standard cycle sequencing condi t ions  for the 
first 72 primers were 96~ for 1 min,  25 cycles 
of 96~ for 15 sec, 50~ for 1 sec, 60~ for 4 
min.  
aA mel t ing temperature  value for each pr imer  
was calculated by the nearest  ne ighbor  
me thod  (11) using the compute r  program 
OLIGO (National Biosciences) at condi t ions  
of 1 M salt and 0.6 pM of primer.  
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TABLE 2 Success Rate by  the  
Adapted C o n d i t i o n s  

Percent fraction of 
successful primers 

(number of 
Primer sequenced templates) 

T m value 96-55~ 96-60~ 96-65~ 

<60~ 1 0 0  (5) 25 (8) N.D. a 
~>60~ 73 (22) 88 (60) 83 (12) 

Cycle sequencing conditions are 96~ for 1 
min, 25 cycles of 96~ for 15 sec, and 55~ 
60~ or 65~ for 4 min. The recommended 
conditions for optimal cycle sequencing of 
PCR products are shown in boldface type. 
aNot determined. 

After es tab l i sh ing  these  condi t ions ,  
we appl ied this  new strategy to an  addi- 
t ional  group of 36 templates .  As s h o w n  
in Table 2, we were able to ob ta in  qua l i ty  
sequenc ing  results s tar t ing 5 bp down-  
s tream of the  p r imer  to the  end  of the  
PCR product  f rom the first trial for mos t  
primers.  C o m p a r e d  wi th  the  65% success 
rate by the suppl ier ' s  r e c o m m e n d e d  con- 
di t ions  (Table 1), the  89% success rate by  
our r e c o m m e n d e d  cond i t i ons  was a sig- 
n i f icant  i m p r o v e m e n t .  In cont ras t  to us- 
ing the direct  coup l ing  of PCR amplif i-  
cat ion and  cycle s e q u e n c i n g  (CAS) 
technique ,  (12~ our  r e c o m m e n d e d  proto- 
col offers a recourse for pr imers  tha t  give 
poor qual i ty  sequence .  A l though  the ac- 
curacy of the s equenc ing  here  is no t  
100% (average 95%), the  accuracy ob- 
ta ined by this  protocol  is suff ic ient  to 
reconst i tu te  the  exact sequence  by com- 
parison of over lapped  sequences  ob- 
ta ined f rom a pair  of primers.  

In summary ,  we r e c o m m e n d  t ry ing  
the fo l lowing cycle s equenc ing  condi-  
t ions first for doub le - s t r anded  PCR prod- 
ucts: (1) - 7 . 5  ng  of t empla te  per  reac- 
t ion, (2) two- tempera tu re  PCR (96~ for 
1 min ,  25 cycles of 96~ for 15 sec, and  
55~ for 4 min )  for pr imers  wi th  T m 
( 6 0 ~  and  2- tempera ture  PCR (96~ for 
1 min ,  25 cycles of 96~ for 15 sec, and  
60~ for 4 min )  for p r imers  wi th  
Tm~60~ 
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