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RESULTS

Figure 4. G/A or C/A mobility

BigDye® Terminator v1.1 on POP-6™ polymer sometimes 

shows 5’ C/A and A/G mobility shifts that can lead to an 

incorrect basecall, as shown with the M in DPB1 2F amplicon.  

BigDye® Direct sequencing improves 5’ mobility and hence 

basecalling accuracy.

Figure 2. BigDye® Direct workflow enhancement for CE platforms

The existing PCR/sequencing workflow requires more than 8 hours process time and 5 steps to 

complete the experiments; in contrast, the new workflow takes 5 hours and 4 steps, producing 

sequence reads 50% faster and with less hands-on time.  BigDye® Direct workflow contains a fast 

PCR amplification (64 minutes) and a single step PCR clean-up and cycle sequencing (80 

minutes). The new sequencing primer enables electrophoretic run time as short as 65 minutes to 

generate 700 high quality bases from 3500xl Genetic Analyzer as shown in Table 1.

Figure 7.  New BigDye® Direct KB™ Basecaller mobility files

To compare relative basecalling accuracy between BigDye®

Direct Sequencing and SeCore® HLA Sequencing, we sequenced 

both directions of exon 2 from HLA-DRB1, DQB1, and DPB1, in 

34 different samples. uTYPE® HLA Sequencing Software aligned 

the forward and reverse traces to a reference sequence and a 

HLA library. One metric of basecalling accuracy is how many 

base positions required manual edits to resolve discrepancies 

between the forward, reverse, and reference sequence. Table 2 

shows that BigDye® Direct equaled or slightly outperformed the 

existing workflow by requiring a fewer number of manual edits (17 

edits vs. 24 edits) while providing the advantages of a simplified 

workflow and faster electrophoresis times. 

ABSTRACT

High quality and high accuracy are the hallmarks of Sanger re-

sequencing projects.  We have developed a new sequencing 

primer and workflow that improves 5’ sequence resolution, 

increases throughput, and reduces hands-on time.  The novel 

sequencing primer chemistry produces high quality bases from 

base 1 on POP-7™ polymer that previously only could be 

resolved on the slower POP-6™ polymer.  The new primer 

chemistry and workflow also eliminates the need for a 

separate PCR clean-up step.  These improvements reduce the 

entire workflow from PCR to finished sequence data to under 5 

hours, compared to 8 hours for the standard workflow. 

We used our enhanced sequencing primer and workflow to 

investigate Human Leukocyte Antigen (HLA) polymorphisms 

on twelve DNA samples by using the Invitrogen SeCore®

HLA-DRB1 primer set and Group Specific Sequencing 

Primers.  Sequencing reactions generated with the traditional 

sequencing primer and with the new sequencing primer were 

electrophoresed on Applied Biosystems 3500xl Genetic 

Analyzer using POP-7™ polymer.  For each sequencing 

primer, we compared 5’ resolution and basecalling accuracy 

and quality.  On average the traditional primers produced high 

quality readable bases by base 25 after the sequencing primer 

while the new primers produced high quality bases by base 5, 

and by base 1 in many cases.  Because of improved 

resolution, basecalling accuracy was increased.  This 

simplified process without a separate PCR clean-up step 

reduced the overall workflow time by 40%.  For HLA genes, 

obtaining readable sequence within 5 bases of the primer 

offers improved polymorphism detection and more efficient use 

of allele specific sequencing primers for heterozygous 

ambiguity resolution.  In conclusion, the novel primer chemistry

and workflow generates data superior in quality relative to 

other currently used solutions and offers significant time 

savings as well. 

INTRODUCTION

BigDye® Direct Cycle Sequencing workflow simplifies the re-

sequencing protocol and combines the advantages of faster 

electrophoretic rates on POP‐7™ polymer with equivalent or 

superior 5’ resolution of POP‐6™ polymer, providing high 

quality sequence data from base 1. PCR primers have 

universal M13 tails attached to the 5’ ends of the gene-specific 

sequences. The newly designed BigDye Direct M13 

Universal primers enable the post PCR clean-up step to be 

incorporated into the cycle sequencing step and improve 5’

resolution on POP‐7™ polymer. Figure 1 demonstrates the 

reaction preparations.

A new sequencing primer and workflow increase 

5’ resolution and throughput on HLA sequencing

CONCLUSIONS

The BigDye® Direct Cycle Sequencing Kit improves the PCR 

sequencing CE workflow relative to both BigDye® Terminator 

v3.1 POP-7™ polymer and BigDye® Terminator v1.1 POP-6™

polymer, increasing throughput more than 40%.  BigDye® Direct 

combines the advantages of the speed of POP-7™ polymer 

electrophoresis with the 5' resolution of POP-6™ polymer. The 

newly designed M13 sequencing primers enable the post PCR 

clean-up step to be combined with the cycle sequencing step, 

thereby reducing the number of manual steps by one. The new 

primers and their accompanying new mobility files significantly 

improve 5' resolution on POP-7™ polymer and reduce the 5' C/A 

and A/G mobility anomalies seen with BigDye® Terminator v1.1 

on POP-6™ polymer, such that the first few bases of the 

sequence read can be accurately basecalled with high 

quality. Comparison of HLA sequencing reads using BigDye®

Direct on POP-7™ polymer with the SeCore® HLA Sequencing 

on POP-6™ polymer workflow and uTYPE® software showed 

that BigDye® Direct samples required equal or slightly fewer 

manual edits and hence is just as accurate as the slower, 

existing standard PCR sequencing workflow.  
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Figure 1. BigDye® Direct experiment setup

- Amplify the DNA on Veriti thermal cycler

- Prepare and run the cycle sequencing reactions on Veriti

thermal cycler

- Purify extension products using the BigDye XTerminator®

Purification Kit or ethanol precipitation.

- Electrophorese on 3500xl DNA Analyzers with POP-7™

polymer or other Applied Biosystem capillary 

electrophoresis platforms that use POP-7™ polymer.

� BigDye Direct® workflow:  Four hands-on steps in 5 process hours.
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� Standard PCR/sequencing workflow:  Five hands-on steps in 8 process hours.
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Example:  amplicons with size ~ 600 bases 

Table 1.  Electrophoresis configuration for collected bases and run time

Figure 3.  The newly designed sequencing primer improves 5’ resolution

1st base after sequencing primer
BigDye Direct primer with

BigDye Direct® Cycle Sequencing 

and POP-7TM polymer

Regular primer with

BigDye® Terminator v3.1 

and POP-7TM polymer

Regular primer with

BigDye® Terminator v1.1 

and POP-6TM polymer

Though POP-7™ polymer provides the advantage of speed over POP-6™ polymer as shown in 

Table 1, POP-7™ polymer doesn’t resolve the first 20-30 bases after the sequencing 

primer. Hence, resequencing customers typically sacrifice speed for resolution and instead use 

BigDye® Terminator v1.1 and POP-6™ polymer to be able to retrieve the first base after the 

primer. BigDye® Direct’s new sequencing primer and chemistry resolve high quality bases right 

after the sequencing primer on POP-7™ polymer electrophoresis, with resolution typically 

equivalent or superior in quality to BigDye® Terminator v1.1 on POP-6™ polymer.

BigDye® Terminator v1.1 and POP-6™ polymer

BigDye® Direct sequencing

Figure 5. Group Specific Sequencing Primer (GSSP) sequencing

Sequence alignment in uTYPE®HLA Sequence Analysis 

Software shows a custom designed GSSP primer is able to 

sequence HLA-DRB1 locus along with M13 forward and 

reverse primers by using BigDye® Direct workflow. The GSSP 

sequencing primer targets the ‘TG’ alleles represented by the 

‘KK’ mixed bases in the M13 forward and reverse sequences.

Table 2.  Comparison of the number of edits on BigDye®

Direct Sequencing with SeCore®HLA Sequencing

Figure 6. C compression in DRB1

- PCR primer design (reference 1)

BigDye® Direct sequencing

M13 forward
gene specific forward

target region

M13 reverse
gene specific reverse

Shown here is the full length of the HLA-DPB1 exon2 amplicon, 

displaying high quality bases throughout the read.  New KB™

Basecaller mobility files for 3500, 3730 and 3130 were created 

to optimize basecalling with BigDye® Direct; the files can be 

downloaded.

M13 forward:  TGTAAAACGACGGCCAGT

M13 reverse:  CAGGAAACAGCTATGACC

BigDye® Terminator v1.1 and POP-6™ polymer

An example of C peak compression routinely observed in HLA-

DRB1 sequences generated with BigDyev1.1 is shown. The 

BigDye® Direct strategy uses BigDye® v3.1 which reduces the 

compression effect and subsequently improves primary mixed 

basecalling. 

Customized new GSSP sequence

M13-F sequence

M13-R sequence


