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Genome Improvement with PacBio sequencing technology
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Abstract: As massively parallelized sequencing technologies enable
draft genome sequencing at minimal cost, the cost for closing gaps in

the draft genome with current Sanger methods becomes repeat
disproportionally high. The DOE Joint Genome Institute sequences  Allpaths scaffold / \
hundreds of bacterial genomes each year. There could be dozens to _ NNNN
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hundreds of contigs in draft assemblies produced with only Illumina
data, which at JGI include short (~300 bases) and medium (~8 Kb) Dup1 subproject Dup2 subproject
insert libraries. A significant of them need to be finished/improved to a Repeat
better level of continuity. Data from PacBio has been proven to sequence from
database

improve continuity of assembly as it has better coverage in high or

low GC regions comparing to Illumina technology. Unfortunately, the
throughput of the RS currently does not compare to that of our
[llumina pipeline yet. An alternate approach 1s to sequence the gaps
and repetitive regions of genomes drafted with Illumina technology.
Amplicon sequencing with PacBio RS machine has the potential to

replace our current Sanger based genome finishing process. We used
two finished genomes with high and medium GC content as test cases.
Illumina data was reproduced with current technology with libraries of
short and medium insert sizes. The two assemblies of the Illumina-
only data produced 98 and 105 contigs in a limited number of
scaffolds. PCR products from those gaps were pooled and sequenced

Allpaths draft
VS.
misassembled Startup draft

with a PacBio machine. Subreads were aligned to known sequences S RER ERRE
next to PCR primer regions. Subreads that belong to a single PCR o __
amplicon were assembled separately. The assembled sequences were 3\ ,,,,,,,,,,,,,,, N
aligned with the primer sequences again. Sequences between the N | \
primer pair are used to close gaps in the main project. Hard stops with S /
30 bp hairpin structure can be sequenced with PacBio without PR N

problem.
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Velvet pipeline

1. Kmer optimization (no PE info)

2. Min pair count optimization
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cgttcacaacacaagtgctttggticacaacacaagtgotttiggticacaacacaagtgegttcgttcacaacaca:
cgttcacaacacaagtgctttggttcacaacacaagtgettiggttcacaacacaagtgegttegttcacaacaca:
cgttcacaacacaagtgetttggttcacaacacaagtgotttggtticacaacacaagtgegttcgttcacaacacae
cgttcacaacacaagtgctttggticacaacacaagtgotttiggttcacaacacaagtgegttcgttcacaacaca:
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CCCOGGLCOGTOOAtACCeaCCCAGCOLTOAATACGLGLCCCACCCOLGLOGLCEOLTAL
cCclgFGFTGGATaCCcafCCAGCGGTGQQTQCGGFCCaECEECEECCGggtaFCGFFCaFCCaGcBFTGGa (

- giEgatacccacccagcggtgaatacgegcccacccecggcrgcgegtacggcccacccagegetggatac
gtggatacccacccagcggtgaatacggcccacccggcggcgggtacggecccacccageggtggatac
gtggatacccacccagcecggtgaatacggcccacccecggceggrgggtacggecccacccageggtggatac
-cccggcggtggatacccacccagcggtgaatacgg
CCCOGLLCGONgeaRACCCACCCAGCGETGAATACGLECCCACCLEG
gataccclclcagelblb ICRatalbhee@@l CLLLLLGLLLLGEALGLLCeatLLAGLLLTGLAT al
CcBccc@RelCGtgRhataCGGCCcalCClCagbeGGeCGGEaCGGLCeaCCCAGCGGTGGATAL

Scaffolds: Allpaths is more accurate
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1 The DOE Joint Genome Institute, Los Alamos National Laboratory, Los Alamos, NM 87545; 2 Pacific Bioscience, 1380 willow Rd. Menlo park, CA 94025.
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PacBio Sequencing of PCR for Gap Closure

: 75 PCR (<1.5kb)
Ace file of Bk ot Sequence - Pool 2 subreads '
Optimized | Primers PCR é based on Pool 2 with
draft for all products PCR size 75 PCR (1.5-3kb) PacBio
- = Srall
75 PCR (>3kb)

>( Primer pairs fasta file ‘
~ Primer pairs fasta file |

Pool 3 primer pairs |

Create primer pair fasta files
for each PCR product and collect
by pools.

Pool 1 subreads ‘ Pool 2 subreads »

+-

Pool 3 subreads .

+ +
Pool 1 primer pairs ’ Pool 2 primer pairs ‘ Pool 3 primer pairs
Blast primer pairs against subreads;

collect and sort subreads based on blast into separate files (one file per PCR product).
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AOGCTCRTTTOTOLTCT TGARGGTAGLEGL
ACGCTCATTTGTOLTCTTGAGGTAGLOLCCS

GOGTTOCCCTTOARTCOOOTRRCAGLLARCCTOR
GOGTTGCCCTTOATCOOLTARCAGLLARCCTORA
gggttgcccttgatcgggtaacaggecaacctga
ERRttgCcccttgatceRptascageCaaccigas

| 2

S 8 tgtgg 8 SS S3gC
gacctgte 2Cg caa CCCgeg gggc gcacag gccc caat cg gga
GCTGCACAGC ATCGAGGF

Sggctgatttgtggtcttgaggtag ccgctgtgeggeccttcgegggcttgecc® btfcc cCaggta
! RRCILRILLIRIRRICLIRaRRLIRER CCCaCagrtac a Cg
! ‘ ACTGF CGCTTTTGGL!
GOGTTGLCCTTOATCGGETARCAGGL AR
COCTTCCCCTTOATCOOOTRARCAGLLRAL
COGTTGCCCTTOATCGOLTARACAGLEA
GOGTTGCCCT TGATCGLGTARCAGLLA

GRAGGCTGRATTTGTGGTCTTGH
CRAGGCTCATTTGTGE TG
“h—SGCT:—TTTG-:\ >

sCARACCTORAGLLTLATTTGLTEE

GGGTTGCCCT TG TC
GGGTTGCCCTTGATC

GGTRacagglRACLTGF
GOTRACAGLGLEEEE TCRAGGLTCATTTLELLTCTTGAGG L aRRRRCCE TG

33ZCCCACE gc TGCACACCAGEeeecaalCh aGGaaaCtgaatgaaagC
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hairpin
loop

’cccttcgcgggcttgcccgctcccacaggﬁacagcgctt%acctgtgggagcgggcaagcccgcgaaggg
| ]

l J
30bp long

30bp long

An example of a sequence that creates a hairpin loop in the secondary structure
which has been very difficult to complete when sequencing a genome.

Shown in the sequences above,
only the PacBio read (underlined in red) goes through the hard stop region.

lllumina, 454, and Sanger (PCR) reads didn’t.
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ctgaatgaa gcgc tttggccgtgacggccc &
GGCCCTC

r'CG[:TTY GGCI ACGGCCCTC
HH CGCTTT 11||_ aHFRT"' C
,HHHi'FFTT"‘yffi"Hfﬂif CTC
AARACCCCTTTT CCTCGACGEC C
TGARAGCLGCTTTTOLCCGTLACGEL (
TGRAARGCGLCTTTTGGCCGTGALG
TGAAAGCGCTTTTGGCCGT
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