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Graph annotation: relations between k-mers and labels

Annotation Annotation c k-mers x labels

TGAC 10100110 ...
GACT 10010000 ...
CTGA 00101000 ...
TTGA 00001001 ...
ACTG 00000000 ..
ACTT 01011001 ..
CTTG 00000110 ..
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How do we compress this?
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State-of-the-art row-major representations

Muggli et al. (2017)

VARI (Flat row-major)

1 1 1 1 1 ] 1T
2

3 1 L 1 1.1 concatenate rows

41

5 11

°H 1.1..1.1..111.11

! data 111 apply bit-vector compression

Row query: O(1) Column query: O(n)
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State-of-the-art row-major representations

Almodaresi et al. (2017)
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State-of-the-art row-major representations

Almodaresi et al. (2019)
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Row query: O(tree height) Column query: O(n)
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Column-major binary relation representation
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Column compressed annotation enables
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Column-major binary relation representation

Column compressed annotation enables

REIRE ] ][
2 11011 m independent construction of each column
3 1 1 : 1 1 m fast column queries
4 1 )
’
5 11 1 . L .
B Converting to hierarchical compression
7 101 o
Tata apply bit-vector compression m takes advantage of column similarities
m allows for sub-O(m) row query time
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Binary relation wavelet trees (BRWT)
Barbay et al. (2013)
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Binary relation wavelet trees (BRWT)
Barbay et al. (2013)
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Binary relation wavelet trees (BRWT)
Barbay et al. (2013)
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Binary relation wavelet trees (BRWT)

LN O s wn
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Sparse Binary Relation Representations

Hierarchical column compression

Each step removes zero-rows and splits
matrix vertically

A similar concept is used in Split Sequence Bloom
Trees (SSBT), where each column represents a
Bloom filter (Solomon and Kingsford (2018))
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Sparse Binary Relation Representations

Hierarchical column compression

Each step removes zero-rows and splits
matrix vertically

A similar concept is used in Split Sequence Bloom
Trees (SSBT), where each column represents a
Bloom filter (Solomon and Kingsford (2018))

Let’s generalize and improve this!
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Generalizing BRWT: optimized column partitioning
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Generalizing BRWT: increasing tree arity
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Generalizing BRWT: increasing tree arity
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Technique 1: Multi-BRWT Construction via column clustering

input columns clustering / matching base Multi-BRWT

[ ]
3

Each cluster defines a node in the BRWT tree

Proposed implementation: Greedy pairwise matching of columns (GPM)
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Technique 2: Arity relaxation

base Multi-BRWT pruned Multi-BRWT

Remove internal node v and assign Children(v) to their grandparent if:
Space(Chﬁre\n(v)) < Space(v) + Space(Children(v)).
Apply greedily up the tree starting from the leaves
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Construction of our Multi-BRWTs

input columns clustering / matching base Multi-BRWT pruned Multi-BRWT
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Results: simulated binary relation matrices

n=1000000, m=3000 n=1000000, m=3000 n=1000000, M=3000
o014 014 {75 Column 014 { = Column
. it ~ Flat
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5 g 4 g
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Significant overhead Rainbowfish performs well Multi-BRWT scales best
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Real-world data: genome graph annotations

Kingsford (Solomon and Kingsford (2018)) RefSeq (Agarwala et al. (2017))

m Low variability m High variability

m Graph: Human RNA-Seq m Graph: 79,448 reference genomes
m n=3,693,178,415 m n=1,073,741,824

m Labels: SRA accession IDs m Labels: Taxonomic family

B m=2,586 mm=3,173

= density: 0.19% m density: 3.8%
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Results: genome graph annotations

Methods Kingsford RefSeq
Column 36.56 80.18
Flat 41.21 121.60
Rainbowfish 23.16 136.65
BRWT 14.05 57.24

Sizes measured in gigabytes (Gb).
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Results: genome graph annotations

Methods Kingsford RefSeq
Column 36.56 80.18
Flat 41.21 121.60
Rainbowfish 23.16 136.65
BRWT 14.05 57.24
Multi-BRWT (5-ary) 13.01 53.09

Sizes measured in gigabytes (Gb).
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Results: genome graph annotations

Methods Kingsford RefSeq
Column 36.56 80.18
Flat 41.21 121.60
Rainbowfish 23.16 136.65
BRWT 14.05 57.24
Multi-BRWT (5-ary) 13.01 53.09
Multi-BRWT (GPM) 10.60 50.13
Multi-BRWT (GPM —+ relax up to 20-ary) 9.95 43.62

Sizes measured in gigabytes (Gb).
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Conclusions

m Column-major hierarchical compression provides
m Up to 29% improvement in compression ratio over baseline BRWT
m Up to 68% improvement over the state-of-the-art
m Good row query, much faster column query
m More robust to unique k-mer growth for increasing number of columns
m Row similarity a by-product of column similarity
m Future work
m Improvements to column clustering
m Caching to improve query time
m Hybrid compression schemes
m Dynamic operations (insert, delete, rearrange, etc.)
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Construction time, RAM usage

Methods Kingsford RefSeq
Flat 2.2h 75GB 29h 201GB
Rainbowfish 5h 287GB 100h1.6TB
BRWT (p=4) 9h 82GB 21h 83GB
Multi-BRWT (5-ary, p=4) 4h 44 5GB 10h 82.6GB
Multi-BRWT (GPM) (p=30) 3h 99GB 10.5h 103GB

Multi-BRWT (GPM + relax 20) 5.5h(2.5h) 99GB(12GB) 22.5h(12h) 103GB(47GB)
Sizes measured in gigabytes (Gb).
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Graph construction

Kingsford data

m Extracted k-mers using KMC Kokot et al. (2017)
m Filtered k-mers using approach in Almodaresi et al. (2017)
m Added k-mers to a hash table

m Annotate only canonical k-mers

RefSeq data

m Extract k-mers using in-house encoder
m Populate succinct bit vector indexed by k-mer encodings

m Annotate forward k-mers
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Simulated data: fewer columns

n=1000000, m=500

n=1000000, m=500

n=1000000, m=500
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