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Introduction

The nonparametric bootstrap of Felsen-
stein (1985) is the de facto standard for
phylogenetic analysis to assess branch
supports of phylogenetic trees. Yet
bootstrap with maximum likelihood
(ML) is hampered by the enormous
computation time required.

Here, we present an ultrafast boot-
strap approximation approach (UF-
Boot) with the following advantages:

1. Unbiased branch support values
(95% means a probability of 0.95 to
be correct)

2. Robustness against moderate
model violations

3. Substantial speedup compared to
RAxML rapid bootstrap
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UFBoot Method

1. Initialization step

• Generate B (≥ 1000) bootstrap replicates
A∗

1, . . . , A
∗
B from original alignment A.

• Initialize bootstrap trees T ∗
1 , . . . , T

∗
B := ∅.

2. Exploration step
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• Resample the tree space on A with impor-
tant quartet puzzling and nearest neigh-
bor interchange (IQPNNI) algorithm.

• Upon encountering a new tree T where
`(T |A) ≥ `min:

Compute approximate ˆ̀(T |A∗
b) using

resampling estimated log-likelihood
(RELL). If ˆ̀(T |A∗

b) > ˆ̀(T ∗
b |A∗

b), update
T ∗
b := T .

3. Summarization step. Construct a consensus
tree from {T ∗

1 , . . . , T
∗
B} and place support val-

ues on the ML tree.

Results

1. UFBoot is unbiased while other methods are conservative:
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2. UFBoot is robust against moderate model violations:
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SBS - standard bootstrap, RBS - RAxML rapid bootstrap, SH-aLRT - Shimodaira-Hasegawa-like
approximate likelihood ratio test (PhyML). These accuracy plots follow Hillis and Bull (1993).

3. UFBoot is substantially faster than
RBS:
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Other key features of IQ-TREE:

• Parallel threading for multi-core
CPUs (via OpenMP)

• Substantially faster ML tree recon-
struction than IQPNNI

• Numerous substitution models for
binary, DNA, protein alignments
with automatic selection of best-fit
models

• Partition models for phylogenomic
data

• Various tree topology tests

• Test of the model homogeneity as-
sumption along the tree
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