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Mash, skani for MAGs, Skmer for genome skims 
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ANI is just a summary statistic…

Causes for local deviations: 
‣ Horizontally transferred genes 
‣ Conserved elements 
‣ Contamination in assemblies 
‣ Viral integration
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Goal:  measure local distances, 
 detect deviations and outlier regions
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What about homology mapping?
Window-based homology mapping using MashMap

FastANI [Jain et al. 2018]
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quasi-homologus→
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Approach “inductively” and we are back to -mers (but for different reasons)…k



Good news: krepp (2025) 

‣ Searching “homologous” -mers and measuring Hamming distances 

‣ Estimating distances from sequences to reference genomes using -mers

k

k
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Maximum likelihood estimation of distances
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Maximum pseudo-likelihood distances are accurate!
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29-mer minimizers of 35-mers
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  i: ATAC
i+1:  TACC
i+2:   ACCT
i+3:    CCTA

    …i+4:     CTAG

  j-1:               GGAC

Q
i j

Compute the prefix-sum array  where .S = (s1, …, sN+1) si = ∑i
i′￼=1 C(xi′￼

)

For any given interval ;
 if !

[i, j)
𝖽(Qi:j, R) < Δ si > sj

 (constant time)

  i: 0
i+1:  1
i+2:   -
i+3:    -

    …i+4:     0

  j-1:                 3

HD
i j

LSH
  i: c(0; Δ)
i+1:  c(1; Δ)
i+2:   c(-; Δ)
i+3:    c(-; Δ)

    …i+4:     c(0; Δ)

  j-1:               c(3; Δ)

C
i j

ℓ′￼(Δ)

si sj
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Constant time distance queries

Q

S
si

sj

ji

  si < sj → 𝖽(Qi:j, R) > Δ  si > sj → 𝖽(Qi:j, R) < Δ  si < sj → 𝖽(Qi:j, R) > Δ



An example of horizontal gene transfer
An “archaic” HGT event simulated using Zombi. 
Genome-wide distance 32%, gene distance 6%

HGT
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What about enumerating all the intervals?

ji
Q

Find all maximal intervals  with  (wlog) and :(i, j) 𝖽(Qi:j, R) < Δ j − i ≥ τ

S

Not contained in any other larger interval

1. Left maximal if  is a prefix maxima of  

2. Right maximal if  is a suffix minima of 

si S

sj S

si sj
We can extend ![i, j)
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A linear time algorithm
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A linear time algorithm

a b

‣ For each prefix maxima sa

‣ Increment  until   (right maximal)b min{sb+1, …, sL} ≥ sa

‣ Check if   sa > sb

‣ Check if   (left maximal)sb ≥ max{s1, …, sa−1}
report [a, b)
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A linear time algorithm

a b

‣ For each prefix maxima sa

‣ Increment  until   (right maximal)b min{sb+1, …, sL} ≥ sa

‣ Check if   sa > sb

‣ Check if   (left maximal)sb ≥ max{s1, …, sa−1}
report [a, b)

Auxilary arrays for 
, min{sb+1, …, sL} max{s1, …, sa−1}Two pointers  and :a b
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~2Mbp genomes, ,  16 threads  ~12 secondsN = 1000 K = 8, →
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Accounting for rate variation and outliers
Given a candidate segment on  w.r.t. , compute its MLE distance Q R D*

j*i*
Q

Sample segments across the genome, estimate MLE distances

Obtain a -valuep
two-sided 
test for D*D*

contamination?

Fit a Gamma distribution to 
model the rate variation:

D
1-ANI
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gdiff detects a documented HGT event

• A horizontally transferred gene (1.6% gene distance) between a Pelagibacter 
& a Proteobacterium HIMB59 (29.4% genome-wide distance).

• Querying a single-cell assembled (SAG) Proteobacterium HIMB59 against 
10,000 marine SAG references  scalable to tens of thousands of genomes!→

Pelagibacter 1:

Pelagibacter 2:

HIMB59:
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Summary: gdiff

Future work includes

• going beyond pairwise comparisons & adding the phylogenetic aspect

• classifying detected regions & identifying the type of the outlier

• better benchmarking & application to other datasets (e.g., eukaryotes)

A framework for local distance estimation & genomic “outlier” detection

‣ scalable, based on “homologous” k-mers, models rate variation

‣ detecting contaminations, conserved regions, viral integration, HGT 



Thank you!
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software: github.com/bo1929/gdiff

paper:

Work in progress

http://github.com/bo1929/gdiff

