
Combining DNA and protein 
alignments to improve genome 

annotation with LiftOn

2024.04.27

Kuan-Hao Chao 

Department of Computer Science

Kuanhao-Chao@KuanHaoChaokhchao.com

https://khchao.com/


Genome annotation

1

Genome
(FASTA)

CAGCCCCCGGAGACTtaaatacaggaagaaaaaggCAGGACAGAATTACAAGGTGCTGGCCCAGGGCGGGCAGCGGCCCT
GCCTCCTACCCTTGCGCCTCATGACCAGCTTGTTGAAGAGATCCGACATCAAGTGCCCACCTTGGCTCGTGGCTCTCACT
GCAACGGGAAAGCCACAGACTGGGGTGAAGAGTTCAGTCACATGCGACCGGTgactccctgtccccacccccatgACACT
CCCCAGCCCTCCAAGGCCACTGTGTTTCCCAGTTAGCTCAGAGCCTCAGTCGATCCCTGACCCAGCACCGGGCACTGATG
AGACAGCGGCTGTTTGAGGagccacctcccagccacctcggggccagggccagggtgtGCAGCACCACTGTACAATGGGG
AAACTGGCCCAGAGAGGTGAGGCAGCTTGCCTGGGGTCACAGAGCAAGGCAAAAGCAGCGCTGGGTACAAGCTCAAAACC
ATAGTGCCCAGGGCACTGCCGCTGCAGGCGCAGGCATCGCATCACACCAGTGTCTGCGTTCACAGCAGGCATCATCAGTA

Annotation
(GFF / GTF)

chr1    BestRefSeq      gene    450740  451678  .       -       .       ID=gene-OR4F29; 
chr1    BestRefSeq      mRNA    450740  451678  .       -       .       ID=rna-NM_001005221.2;Parent=gene-OR4F29;
chr1    BestRefSeq      exon    450740  451678  .       -       .       ID=exon-NM_001005221.2-1;Parent=rna-NM_001005221.2;
chr1    BestRefSeq      exon    452658  453675  .       -       .       ID=exon-NM_001005221.2-2;Parent=rna-NM_001005221.2;
chr1    BestRefSeq      exon    454672  459678  .       -       .       ID=exon-NM_001005221.2-3;Parent=rna-NM_001005221.2;
chr1    BestRefSeq      CDS     450740  451678  .       -       0       ID=cds-NP_001005221.2-1;Parent=rna-NM_001005221.2;
chr1    BestRefSeq      CDS     452658  453675  .       -       0       ID=cds-NP_001005221.2-2;Parent=rna-NM_001005221.2;
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Lift-over Problem Definition:
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If you were to use a CHM13 annotation …
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~ 390 citation
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Telomere-to-Telomere (T2T) consortium slack channel

Which tool to use?



:  Successor to Liftoff
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• outperforms state-of-the-art DNA- and protein-based liftover approaches

• improves the annotation of protein-coding genes in T2T-CHM13 genome

• Improves the annotation lift-over between relatively distant species, at least as 

divergent as mouse and rat.

• Takes DNA-genome and protein-genome alignments and accurately maps 

annotations between genome assemblies of the same or different species.

Result 1

Result 2

Methods
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Map RefSeq v220 from GRCh38 -> CHM13V2.0
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Compressed-gap protein sequence identity

Result 1: improves DNA & protein-based lift-over



Result 2: improve CHM13 protein annotations
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Result 3: improve distant species lift-over

7
Result 2 MethodsIntroduction Result 1

human to chimp mouse to rat

Mash        : 0.013

Dashing2 : 0.47
Mash       : 0.120
Dashing2 : 0.01



Result 3: improve distant species lift-over
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Methods

9

github.com/lh3/minimap2

minimap2

github.com/lh3/miniprot

miniprot

github.com/agshumate/Liftoff
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: Protein-maximization algorithm
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Target genome +
Expected annotation

1. Liftoff annotation

2. miniprot annotation

A
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: Protein-maximization algorithm
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Liftoff protein alignment

miniprot protein alignment

- - - - - - -

- - - --Reference protein

Liftoff protein

miniprot protein INDEL

mismatch Stop codon*

Step 1:  Align Liftoff & miniprot proteins to reference proteinB

*
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: Protein-maximization algorithm
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Step 2:  Mapped CDS boundaries onto Liftoff & miniprot protein alignmentsC

Liftoff protein alignment

miniprot protein alignment

- - - - - - -

*

- - - --Reference protein

Liftoff protein

miniprot protein INDEL

mismatch Stop codon*

M1 M2 M3 M5 M6M4

L1 L2 L3 L5 L6 L7L4
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: Protein-maximization algorithm
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LiftOn CDS chaining
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Step 3: group CDSs by “accumulated AA in the reference protein”D
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: Protein-maximization algorithm
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LiftOn CDS chaining
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: Protein-maximization algorithm
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LiftOn CDS chaining
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: Protein-maximization algorithm
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LiftOn CDS chaining
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Step 3: group CDSs by “accumulated AA in the reference protein”D
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Summary

• LiftOn uses both DNA-DNA alignments (from Liftoff) & protein-DNA 

alignments (from miniprot) to map annotations between genome 

assemblies of the same or different species. 

• LiftOn's protein-maximization algorithm improves the annotation of 

protein-coding genes in the T2T- CHM13 genome. 

• LiftOn can map annotation between relatively distant species, at least as 

divergent as mouse and rat.
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Protein sequence identity

S1
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#𝑀𝑎𝑡𝑐ℎ𝑒𝑑_𝐴𝐴
	#𝑎𝑙𝑖𝑔𝑛𝑚𝑒𝑛𝑡	𝑐𝑜𝑙𝑢𝑚𝑛	 –	#𝑔𝑎𝑝𝑠	𝑖𝑛	𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒	𝑝𝑟𝑜𝑡𝑒𝑖𝑛	

=
18

	26 − 4	
= 81.8%
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Do not penalize longer proteins



DNA sequence identity

S2
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	#𝑎𝑙𝑖𝑔𝑛𝑚𝑒𝑛𝑡	𝑐𝑜𝑙𝑢𝑚𝑛	

=
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