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Ligation-mediated PCR Amplification as a Tool to Finish Microbial Genomes

JGI Hope N. Tice, Eileen M. Dalin, Ze Peng, Susan Lucas, and Jan-Fang Cheng

DOE JOINT GENOME INSTITUTE

US DEPARTMENT OF ENERGY
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‘ The Test of Different Ampure Bead to DNA Ratios | ‘ 19 of 20 Primers Generated Sequences
As Sanger sequencing is being replaced by higher throughput and lower cost of next generation sequencing, . 5 3 . 5 R . s 0 o 1 1 A. Different annealing temperatures in PCR can affect sequencing performance
finishing microbial genomes will face two major challenges. First, the technology will need to be fast enough to A FO—
handle many more drafted genomes. Second, it will have to incorporate a clone-free approach to fill gaps. We have B q 3
been testing a method that utilizes a universal “bubble-tag” to perform primer walking and gap closure in a clone- 2 - -
free condition. The “bubble-tag” method was first described by Doug Smith (PCR Methods Appl. 2: 21-27, 1992) to -
amplify and sequence lambda DNA. There is no evidence however, that this approach will work for the more ' : G i . P = T
complex microbial genome. Here we describe the experimentation of this approach in primer walking of the E. coli Excluded DNA - " ™ " : " i P - 50C
genome. Genomic DNA was sheared, blunt-end repaired, and ligated to the bubble adaptors. Site specific primers - = - = = = —— ==
were used together with the universal bubble primer to amplify the regions of interest. We applied the Ampure - 55C
beads binding and washing step to reduce the amount of small amplified fragments. The remaining large amplified - - x . CJe0c
DNA appears to be suitable for sequencing. Different bead-to-DNA ratios were tested in order to generate long T T g T
amplified templates. This approach enables primer walking and gap filling in a clone-free sequencing process. - 2
More importantly, the uniformity of this approach is amenable for an automated finishing process. - . - - o
i B. Sequences are localized to where the primers are designed
| AMPure Beads Effective Removal of Small Fragments | q P 9
Eluted DNA
Eluted DNA Excluded DNA
Tt S S Bead/DNA ratio = 0.7, 2 of 20l eluted PCR products was used as template
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1.2, 2 of 20 eluted PCR products was used as template X
Figure 1. A test was set up using a DNA ladder to determine the effectiveness of AMPure beads in - ] AR ._
the removal of small fragments. The volume of DNA used was 50l in each reaction. The volume AL |||
of beads used is listed above the wells with the control loaded in the last well on the right. The IR el
ratios of beads-to-DNA ranged from 0.7 to 1.2. ——
‘ Bubble PCR Primer Walk Workflow
End
- Figure 3. The beads-to-DNA ratios of 0.7 to 2.0 were used to see which one provided the most effective
cleaning of small fragments. (A) PCR amplified products were cleaned by AMPure beads using the
99.9% Linear following beads-to-DNA ratios: 0.7 (lanes 1 and 7), 0.8 (lanes 2 and 8), 0.9 (lanes 3 and 9), 1.0 (lanes 4 and . .
Figure 5. (A) 19 of the 20 test primers high quality at 60C
Amg\lﬂcanur\ 10), 1.1 (lanes 5 and 11), and 1.2 (lanes 6 and 12). The chromatograms generated from sequencing N q
templates of lanes 7 and 12 are shown in (B). The beads-to-DNA ratios in this range for cleaning the termperaturél,'. (hB[)k;flhe pr?duced‘:e?z“em‘:les (in light ':’I'rhO|WI11 color) are mapp?ddto ";‘e 3m”anks| of l(l;ee\d/eslgged
*~ PCR Q=== 5 5 small fragments do not seem to significantly affect the quality of the sequencing reads. primers (in lig ue color) in the E. coli genome . s figure was generated using the on-line lew Server.
—_—m E. Coli Sequences Used in the Primer Walk ‘Proposed Gap Closure & Primer Walking Process‘
——m bl
——m 0.1% Exponential
= Order Primers
—m Amplification Oligo Name Sequence (510 3) " Start end | swand Ampure Bead Cleanup
—m= Exo-FW. GTTTTCCCAGTCACGACGTTGTACGTGGCTGTTCATTTGCTTA 48 | sozeesa | sozoom . r ‘._
—m EX0RV___| GTTTTCCCAGTCACGACGTTGTATCTGGTAAACGCTGATGACG 43 [ oo | soman Design Primersat = _| —— Bubble PCR—— [ I, —— Sequence — Assembly
—= OmpA-FW | GTTTTCCCAGTCACGACGTTGTATGACCGAAACGGTAGGAAAC 43 | wrezr | sorosee - the Contig Ends
= OmpARV | GTTTTCCCAGTCACGACGTTGTATGAGTACGCGATCACTCCTG 43 [ vz | o
- GlySFW | GTTTTCCCAGTCACGACGTTGTAATACAGACGCACCGCTTCTT 43 | oo | o | -
—m — opA e e i i
Beads TopAFW | GTTTTCCCAGTCACGACGTTGTATCGATCATITCGACCATTCA a Figure 6. The gap closure and primer walking processes in finishing can become a scalable process if automation
————m ¥ e i ineli i
Eluted Se{‘g‘;s{?é:‘g TopARV__ | GTTTTCCCAGTCACGACGTTGTACCCTCTTCCAGATCTTTTTC i is introduced. In our current sequencing pipeline, PCR set up, bead cleaning, and chemistry sequencing steps are
= x sosz1 | somsan . " i
__volume | —feacton | HOAFW | GTTTTCCCAGTCACGACGTTGTACTECCATACCCGATECTTAT 8 streamlined already. With some informatics support at primer design and ordering, the proposed automated
e HOARV | GTTTTCCCAGTCACGACGTTGTACAGCGAACCGGTTATITTGT 3 | onen | o finishing process would become reality.
— = CadAFW | GTTTICCCAGTCACGACGTTGTAGTGAGTGGACTGGGTTTCGT 43 | wsos | oo |-
Excluded CadARV__| GTTTTCCCAGTCACGACGTTGTACAGCACGCTACCATTGCTAA 43 | o2 | o :
——m
| Saime B W | GTTCCOAGTCACOACSTIGTARAARTOTGGACCCAGCSTA & o [ | Conclusions
— EWRRV | GTTTTCCCAGTCACGACGTTGTAATAGATAGCGGTCGGCATTG 43 | wow | won
PonBFW | GTTTTCCCAGTCACGACGTTGTATAGCCCGCTTGTAGCAGTTT 43 | s | wom | - . N
:-] PCNBRV__ | GTTTTCCCAGTCACGACGTTGTAGCGTTATCCGTCTGATTGGT 43 ,:5: . 1. Randomly sheared gDNA can be used in bubble PCR to generate templates for the finishing process
- R T L - 2. The 19 of 20 E. coli primers tested in this experiment successfully generate high quality sequences
EWCRV | GTTTTCCCAGTCACGACGTTGTACGCGTGAAGATTGAAGATCA 43 [ snses | oo
Figure 2. The DNA of interest is randomly sheared to 3kb fragments. After end repair the DNA is cleaned A A AT TG TACCCCTT TTOAATIGCTOATY LNEL Rt 3. This approach enables a clone-free finishing process that is amenable for automation
NIVRY | GTTTTCCCAGTCACGACGTTGTAACGTTGGCTGTTTTACGACG 48 | v | s
up by a column. Bubble adapters are then ligated to the DNA ends. Another cleanup is done and PCR
reactions are set up. The reactions contain the bubble primers and the site-specific primers with M13 tails. Ack led t
In our test experiment, about 99.9% of the fragments would have a linear amplification whereas 0.1% would Figure 4. Twenty primers were selected from the E. coli genome for the test of primer walk using the bubble- cknowledgements
have an exponential amplification. The PCR reaction is cleaned up using AMPure beads to remove small PCR approach. A M13 tag was added to each primer (in bold fonts) so that the PCR products can be used i . N o X .
fragments. Once the desired sample is eluted from the beads, the sequencing reaction is done. directly for sequencing. See figure 6. We would like to thank Tanja Woyke for providing the E. coli primer sequences, David Robinson
y q g g

for helps in sequencing, and Dorothy Lang for aligning the sequences to the E. coli genome.
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