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Abstract

Pipeline

A single lane of Illumina GA2X platform 75 bp single-end sequencing reads provides ~ 30X coverage of the 72
Mb P. tetraurelia somatic genome. Since cell cultures used to isolate macronuclear DNA are 100% homozygous
thanks to the sexual process of autogamy, use of the Illumina reads to identify SNPs is straightforward.
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Our analysis pipeline involves (i) mapping reads to the reference somatic genome assembly using the BWA
short read aligner (ii) indexing the mapped reads with samtools and (iii) use of custom Perl scripts and samtools
to identify SNPs.
For polishing the genome assembly, we need at least one lane of paired-end reads, the distance between
the ends providing an important constraint for accurate alignment of the reads on the genome given the large
number of gene duplicates from the recent Paramecium whole genome duplication. The pipeline is then used to
correct assembly errors through successive rounds of mapping -- SNP calling -- correction. The iterative process
is important, because the BWA aligner only tolerates 2 mismatches.
For identification of Mendelian mutations, mutants were crossed with wild type cells to separate the allele of
interest from any other mutations present in the cell line. DNA was isolated from a pool of ~ 30 F2 clones with
mutant phenotype. One lane of single-end reads has proven sufficient to identify point mutations. To date, the
mutations in four independent mutants have been identified and validated.

1. ALIGNMENT :
The Illumina reads are mapped to the reference genome using
the software BWA (Li H. and Durbin 2009 Bioinformatics). BWA is
very stringent and allows only a couple of mismatches. Paired-end
reads can be used to improve the quality of mapping.

ALIGNMENT

2. INDEXATION :
We index the SAM alignments, provide by BWA, using the
package samtools (Li et al. 2009 Bioinformatics). These utilities
provide very efficient acces to reads mapped at a locus.
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4. CORRECT GENOME :
In the case of wild type DNA, we can correct the reference
genome using a home-made perl script. The pipeline can be run
again on the corrected genome to detect other assembly errors.
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3. FIND SNPs :
Samtools (pileup) allows us to do an alignment ordered by
position. We filter the positions where at least 80% of the reads do
not confirm the nucleotide of the reference genome.
If the sequences come from mutant DNA, the diference(s) could
be candidate mutations.
If the sequences come from wild type DNA, these
«polymorphisms» are probably assembly errors.

Results
Polishing the genome assembly :
The Genoscope reference genome (strain d4-2) has been corrected by one lane of paired-end reads using 10 rounds of our pipeline. The gaps have been filled by an assembly (using Velvet) of the paired-end
reads.
We obtained a reference genome strain 51 using the same pipeline.
strain d4-2
paired-end reads

strain 51
paired-end reads

Genoscope Reference Genome
(strain d4-2 - Sanger sequencing)
13X coverage
Number of scaffolds : 697
Complexity : 72 094 543 nt
Number of gaps : 861

10 rounds

Strain d4-2 reference genome

Strain 51 reference genome

Number of scaffolds : 697
Complexity : 72 111 288 nt
Number of gaps : 471

Number of scaffolds : 697
Complexity : 72 103 714 nt
Number of gaps : 419

10 rounds

Correction
Substitution : 4027
Insertion : 720
Deletion : 237

Correction
Substitution : 13 758
Insertion : 10 339
Deletion : 929

Identification of Mendelian mutations :
One or two lanes of single-end Illumina reads (75nt) are mapped on the reference genome and we obtained the following results :

Samples

Number of reads

Nb of mapped reads

mtFE

62 585 036

59 336 258 (94%)

mtB

30 080 461

RNAi mutant 1.8
RNAi mutant 3.1

Genome coverage

Candidates

Verified mutation

Mutation type

99.03 %

9

1

TTG(Leu) => TAG(Gln)

28 835 142 (96%)

98.84 %

6

1

ATG(Met) => ACG(Thr)

16 351 060

14 813 270 (91%)

98.76 %

6

1

TCC(Ser) => TTC(Phe)

24 607 217

23 598 478 (96%)

98.89 %

3

1

CGA(Arg) => TGA(Stop)

Conclusions
The identification of point mutations in Paramecium by whole genome sequencing is straightforward and cost-effective and opens the way for more extensive use of genetic mutants approach. Indeed just 1
lane of single-end reads is sufficient to identify single mutation.
Paired-end Illumina sequencing provides a very important source of information to correct the reference genome. Now we have two corrected genome assemblies of Paramecium tetraurelia, one for each of
the reference strains the most used experimentally.

