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IsoPhase: Isoform-Level Phasing
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ISOFORM-LEVEL PHASING USING ISO-SEQ READS



ISOPHASE: ISOFORM-LEVEL PHASING
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MATERNAL IMPRINTING IN MAIZE

Wang  et al “Variant Phasing and Haplotypic Expression from Long-Read Sequencing in Maize.” Communications Biology (2020)



PARENTAL-SPECIFIC ISOFORM EXPRESSION IN MAIZE

Wang  et al “Variant Phasing and Haplotypic Expression from Long-Read Sequencing in Maize.” Communications Biology (2020)

F1s express 
parent-specific 
isoforms 
(3’ UTR 
difference)

Parents express 
only one isoform



PHASING BEYOND DIPLOID – A CHALLENGE

Petek et al “Cultivar-Specific Transcriptome and Pan-Transcriptome Reconstruction of Tetraploid Potato.” Scientific Data (2020)

(this figure did not make it to the publication)

Marko Petek

& Kristina Gruden

(NIB, Slovenia)

Tetraploid potato poses phasing challenges
Each variant position has two SNPs

IsoPhase estimated three alleles, not four



TISSUE-SPECIFIC ALLELIC EXPRESSION IN CATTLE

Low et al. 2019. “Haplotype-Resolved Cattle Genomes Provide Insights Into Structural Variation and Adaptation.” Nat Comm (2020)



TISSUE-SPECIFIC ALLELIC EXPRESSION IN CATTLE

Low et al. 2019. “Haplotype-Resolved Cattle Genomes Provide Insights Into Structural Variation and Adaptation.” Nat Comm (2020)
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ISOPHASE ON GITHUB (PART OF CUPCAKE)

https://github.com/Magdoll/cDNA_Cupcake/wiki/IsoPhase:-Haplotyping-using-Iso-Seq-data

https://github.com/Magdoll/cDNA_Cupcake/wiki/IsoPhase:-Haplotyping-using-Iso-Seq-data
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Cogent: Coding Genome Reconstruction
Without A Reference Genome
Elizabeth Tseng, Principal Scientist, PacBio @Magdoll



NO GENOME? NO PROBLEM

Warr et al . “An Improved Pig Reference Genome Sequence to Enable Pig Genetics and Genomics Research.” GigaScience (2020)

COGENT workflow
Using only Iso-Seq data to find gene families and 
reconstruct a fake “genome”

Use COGENT results to…

Evaluate genome assemblies
Pig Iso-Seq Cogent rescued 5 missing genes for 
the new pig assembly

Visualize alternative splicing
You can still see skipped exons!

https://github.com/Magdoll/Cogent

https://github.com/Magdoll/Cogent


COGENT: WHY?

Not every species has a high-quality 
reference genome
If genome is poor, genome annotation (ab initio 
prediction & mapping) will suffer

Iso-Seq bioinformatics does not require 
a genome
There is often enough information in Iso-Seq 
transcripts itself to identify gene families and the 
“coding” regions of the genome

?

?

?

?

?



COGENT: HOW

Iso-Seq analysis generates full-
length, high-quality (>= 99% 
accuracy) transcript sequences.

Transcripts are partitioned into 
gene families based their k-mer
similarity.

Each reconstructed contig 
represents the “union” of all coding 
bases in a particular gene locus.

(common introns will be invisible)



COGENT: GENE FAMILY FINDING

Create k-mer similarity graph

Normalized cut

Each partition is a “gene family”



GENE FAMILY PARTITIONING OF 9 HUMAN GENES

Edges indicate > 5% k-mer similarity
Each node is a transcript sequence

Color indicates gene family knowledge (ground truth)

Dashed circle is the Cogent partition Cogent could not distinguish 
between two highly homologous 
genes MYH6 & MYH7



COGENT: GENOME RECONSTRUCTION

Create de Bruijn graph

Collapse unipaths
Resolve bubbles

Resolve ends

Output reconstructed contig(s)

for each gene family (partition):

Full Cogent algorithm at https://github.com/Magdoll/Cogent

https://github.com/Magdoll/Cogent


COGENT: GENOME RECONSTRUCTION

Shortfalls:
May not separate paralogs 

May reconstruct multiple contigs (case of gene C)



COGENT CASE STUDY: PIG GENOME EVALUATION

Warr et al . “An Improved Pig Reference Genome Sequence to Enable Pig Genetics and Genomics Research.” GigaScience (2020)

Iso-Seq Bioinfx

Cogent

Map to Genome

Missing gene?

Fragmented assembly?

Incomplete gene?

No mapping

Partial mapping

Chimeric mapping



COGENT CASE STUDY: PIG GENOME EVALUATION

Cogent
Family

# of Iso-Seq 
Transcripts Comment

6667_0 11 Missing CHAMP1 gene

16614_0 2 rotovirus

8757_0 30 Missing ERLIN1 gene

15567_0 8 Missing IRLIN1 gene

17496_0 17 Missing MB gene

17631_0 2 Missing PSD4 gene

17631_1 3 Missing PSD4 gene

Warr et al . “An Improved Pig Reference Genome Sequence to Enable Pig Genetics and Genomics Research.” GigaScience (2020)

Five missing genes in the assembly were 
manually put back after Cogent 
evaluation



COGENT CASE STUDY: MAKING A “FAKE CODING” GENOME

https://github.com/Magdoll/Cogent/wiki/Tutorial%3A-Using-Cogent-to-collapse-redundant-transcripts-in-absence-of-genome

Iso-Seq Bioinfx

Cogent

Combine Cogent output 
into a single “fake 

genome” fasta

Re-map Iso-Seq transcripts to the fake genome

Import fake genome into IGV for visualization



COGENT CASE STUDY: MAKING A “FAKE CODING” GENOME

https://github.com/Magdoll/Cogent/wiki/Tutorial%3A-Using-Cogent-to-collapse-redundant-transcripts-in-absence-of-genome

Genome-based View

Iso-Seq Transcripts

Cogent Output

Cogent-based View

All introns are visible 

Introns that are never transcribed are not visible



WHY COGENT MAY SOMETIMES OUTPUT >1 CONTIGS

Cogent contigs
# 23424

Iso-Seq
transcripts

ambiguous based solely on Iso-Seq

- Lack of connectivity information between exon 1 and 2 based solely on transcripts
- Cogent outputs two contigs, one with exon 1 - 3, one with exon 2 – 3
- Mapping back to genome shows that the reconstruction is correct
- This is a case where genome information can be used to order exon 1 and 2

Coming soon: Special Cogent parameter to make “best guess” for ambiguity
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