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Why IQ-TREE? 

To rigorously analyze very large data

To implement a diversity of models with appropriate 

realism for a variety of questions

To, alongside RAxML, PhyML, et al., advance the field of 

maximum likelihood phylogeny estimation and analysis 

(just as we have RevBayes, MrBayes, BEAST for 

Bayesian analysis)
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We focused on improving all 

three steps for large datasets!

Ultrafast bootstrap (2013, 2018)

ModelFinder (2017)
PartitionFinder (2012, 2017)

MixtureFinder (2025)

IQ-TREE (2015, 2020,2025)

iqtree3 -s ALN_FILE -B 1000
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IQ-TREE algorithm efficiently 

explores tree space

Model selection

Tree
reconstruction

Assessment of branch supports

Ultrafast bootstrap (2013, 2018)

IQ-TREE (2015, 2020,2025)

ModelFinder (2017)
PartitionFinder (2012, 2017)

MixtureFinder (2025)
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More complex models always have higher likelihood 

than simpler models; danger of overfitting

Therefore, penalize by number of parameters

Criteria in ModelFinder and MixtureFinder
Where n=sample size, k=# parameters, L=likelihood

AIC = 2k - 2ln(L) 

AICc = AIC + (2k2 + 2k)/(n – k – 1)

BIC = ln(n)k - 2ln(L) 

What do you want to learn from this model?
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Phylogenomic
Inference

Species tree of life

30 days of computation and 280 GB 
RAM for an insect data set!
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#nexus

begin sets;

 charset ENSGALG00000000223.macse_DNA_gb = 1-846;

 charset ENSGALG00000001529.macse_DNA_gb = 847-1368;

 charset ENSGALG00000002002.macse_DNA_gb = 1369-2040;

 charset ENSGALG00000002514.macse_DNA_gb = 2041-2772;

 charset ENSGALG00000003337.macse_DNA_gb = 2773-3738;

 charset ENSGALG00000003700.macse_DNA_gb = 3739-4623;

 charset ENSGALG00000003702.macse_DNA_gb = 4624-6168;

 charset ENSGALG00000003907.macse_DNA_gb = 6169-6648;

 charset ENSGALG00000005820.macse_DNA_gb = 6649-7224;

 charset ENSGALG00000005834.macse_DNA_gb = 7225-7920;

 charset ENSGALG00000005902.macse_DNA_gb = 7921-8490;

 charset ENSGALG00000008338.macse_DNA_gb = 8491-9282;

 charset ENSGALG00000008517.macse_DNA_gb = 9283-9822;

 charset ENSGALG00000008916.macse_DNA_gb = 9823-10368;

 charset ENSGALG00000009085.macse_DNA_gb = 10369-11298;

 charset ENSGALG00000009879.macse_DNA_gb = 11299-11895;

 charset ENSGALG00000011323.macse_DNA_gb = 11896-12795;

 charset ENSGALG00000011434.macse_DNA_gb = 12796-13242;

 charset ENSGALG00000011917.macse_DNA_gb = 13243-14223;

 charset ENSGALG00000011966.macse_DNA_gb = 14224-14691;

 charset ENSGALG00000012244.macse_DNA_gb = 14692-15444;

 charset ENSGALG00000012379.macse_DNA_gb = 15445-15963;

 charset ENSGALG00000012568.macse_DNA_gb = 15964-16593;

 charset ENSGALG00000013227.macse_DNA_gb = 16594-17895;

 charset ENSGALG00000014038.macse_DNA_gb = 17896-18456;

 charset ENSGALG00000014648.macse_DNA_gb = 18457-18954;

 charset ENSGALG00000015326.macse_DNA_gb = 18955-19551;

 charset ENSGALG00000015397.macse_DNA_gb = 19552-20145;

 charset ENSGALG00000016241.macse_DNA_gb = 20146-20820;

end;
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PartitionFinder algorithm 

(Lanfear et al. 2012):

1. Evaluate all pairs of genes.

2. Find the pair with best score.

3. If score improves, merge two 

genes and repeat steps 1-3.

4. Otherwise, stop.

iqtree3 … -m MFP+MERGE

PartitionFinder

Substitution
models:                     HKY             ……          GTR+G

Relaxed clustering algorithm 

(Lanfear et al. 2014):

In step 1: only examine the top 

k% of most “promising” pairs.

iqtree3 … -rcluster 10
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IQ-TREE implements a 

diversity of complex models

Model selection

Tree
reconstruction

Assessment of branch supports

Ultrafast bootstrap (2013, 2018)

IQ-TREE (2015, 2020,2025)

ModelFinder (2017)
PartitionFinder (2012, 2017)

MixtureFinder (2025)
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Is the difference 
statistically significant?

𝛿 = log 𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝑇1 − log 𝑙𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝑇0
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Species tree

Gene tree 1       Gene tree 2                …………          Gene tree 1,000
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𝑠1

𝑠1 + 𝑠2 + 𝑠3
𝑠𝐶𝐹 = 𝑞𝐶𝐹(100 𝑞𝑢𝑎𝑟𝑡𝑒𝑡𝑠)

Site Concordance Factor (sCF):
How often a branch is 

“supported” by alignment sites?
33.3% ⪍ sCF ≤ 100%
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https://doi.org/10.1371/journal.pbio.3000954








http://www.iqtree.org/workshop/molevol2025
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