
Disclosure*

* We build high-quality PacBio genomes with Hi-C at Phase Genomics!



From contigs to chromosomes, Hi-C proximity-
guided assembly



Hi-C measures the physical proximity of DNA 

-Hi-C is a single cell technology
-The libraries are generated from cross-linked DNA
-The libraries enrich for chimeric molecules
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-Std. PE library
-Compatible with all Illumina sequencers
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Hi-C provides ultra long range information



Hi-C data is useful for many applications

• Genome Scaffolding
• Metagenomics
• Genome Phasing 
• Structural variation detection
• Epigenetics



Chromosome-level scaffolds achieved with Hi-C

- Mint Genome, 2n=12, Dr. Kelly Vining O.S.U.

- PacBio Contigs => Phase Genomics Proximo Scaffolds- Hi-C data maps across contigs

• Hi-C Scaffolding tools
• Proximo
• SALSA
• 3D-DNA
• HiRise
• HiCembeler
• et al. 



Several useful utilities for Hi-C scaffolding

• Polar Star
• Break contigs on PacBio read depth
• Simple heuristics
• Reduces chimeric contigs
• Minimal reduction in contig N50
• Improves scaffolding 

• Matlock
• Advanced BAM/SAM/CRAM filtering
• Inclusion and exclusion of contigs
• Binning
• Counting 
• Motif counting

https://github.com/phasegenomics



Polar Star: contig breaking on long-read depth

Two large-scale chimeric contigs Depth profile along chimeric contig



Matlock filtering can improve clustering, 
ordering, and orientation

Hayley Hansen, Brigham Young University



Hi-C for independent scaffold validation

Hi-C compared to optical map scaffolds



Hi-C based phasing

Hi-C based FALCON-Unzip phasing
https://github.com/phasegenomics/FALCON-Phase



Hi-C on important metagenomic samples
• Hi-C can be used to bin PacBio 

bacterial contigs into genome 
clusters

• It can also associate plasmids to 
the host, and enables eukaryotic 
metagenomics



PacBio assemblies + Hi-C = many complete 
bacterial genomes
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cluster.1 Parabacteroides merdae CAG 48 99.62 2.51 2.17 - 45.11 4,569,836 263 36,600

cluster.2 Alistipes putredinis CAG 67 99.52 0.48 8.18 - 54.11 2,366,825 31 317,714

cluster.3 Blautia hansenii DSM 20583 98.67 0.53 31.59 - 38.59 2,596,239 142 27,357

cluster.4 Dialister sp. CAG 486 98.26 1.90 46.09 - 51.56 2,280,750 99 34,532

cluster.5 Clostridium sp. CAG 58 98.23 6.41 6.95 - 52.52 3,058,662 620 8,274

cluster.6 o__Clostridiales 97.99 0.22 95.58 - 36.46 1,916,396 52 80,133

cluster.7 o__Clostridiales 97.96 0.79 87.93 - 57.86 2,452,306 103 37,232

cluster.8 c__Epsilonproteobacteria 97.74 0.55 83.53 - 34.98 1,675,320 171 16,649

cluster.9 Collinsella aerofaciens ATCC 25986 97.12 3.90 39.14 - 59.83 2,050,116 388 8,204

cluster.10 Sutterella wadsworthensis 2 1

59BFAA

96.89 0.00 3.63 - 62.18 2,269,249 80 32,017

cluster.11 o__Clostridiales 96.20 0.15 97.94 - 43.13 3,025,267 155 27,958

cluster.12 f__Lachnospiraceae 95.98 0.98 98.34 - 49.93 2,824,131 40 85,169

cluster.13 o__Clostridiales 95.75 3.19 97.93 - 55.30 2,666,004 254 20,027

cluster.14 Bilophila wadsworthia 3 1 6 95.56 2.44 2.65 - 60.14 3,743,067 976 5,098

cluster.15 o__Clostridiales 95.13 1.14 95.05 - 60.60 2,443,093 112 28,306

cluster.16 Prevotella copri CAG 164 93.75 1.35 20.07 - 45.35 3,099,643 57 57,414

cluster.17 Bacteroides coprophilus CAG 333 92.57 5.27 4.73 - 45.26 3,957,338 261 48,641

cluster.18 o__Clostridiales 92.14 0.00 93.23 - 61.57 2,517,779 116 26,203

cluster.19 Clostridium sp. CAG 299 91.77 0.32 13.25 - 49.42 2,673,471 148 22,882

cluster.20 Azospirillum sp. CAG 260 90.32 0.00 0.86 - 46.89 1,683,130 49 60,088

cluster.21 Odoribacter splanchnicus CAG 14 89.25 0.54 0.40 - 43.41 3,849,769 85 76,121

cluster.22 o__Clostridiales 88.59 0.00 94.69 - 45.55 2,274,871 44 78,955

cluster.23 o__Clostridiales 87.12 5.34 92.85 - 60.30 2,960,604 1026 3,755

cluster.24 o__Clostridiales 86.64 3.49 97.71 - 56.34 2,417,822 902 3,148

cluster.25 o__Clostridiales 85.91 0.17 96.33 - 56.61 1,964,974 41 59,365

cluster.26 Clostridium sp. CAG 505 85.79 1.23 7.84 - 46.23 2,145,234 278 11,024

cluster.27 Clostridium hiranonis DSM 13275 84.48 3.85 34.57 - 33.27 1,749,660 746 2,554

cluster.28 Sutterella wadsworthensis 2 1

59BFAA

82.42 7.96 79.89 - 48.13 2,884,928 465 10,131

cluster.29 Ruminococcus gnavus CAG 126 80.12 0.00 76.87 - 43.51 2,136,505 27 83,539

cluster.30 Ruminococcaceae bacterium D16 77.93 3.15 22.94 58.17 2,220,563 742 3,626



Conclusions 

• Hi-C proximity information is a powerful tool for genome scaffolding

• Hi-C can be used to correct phase switching in PacBio assemblies

• Hi-C has powerful metagenomic applications which complement long 
SMRT reads



Questions


