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Building large trees

● NP-hard optimization
○ Maximum-likelihood tree estimation methods are accurate but costly

● Streaming data
○ New data come in → re-estimating the phylogenetic tree is costly
○ Solution: we directly add new data to the existing tree

■ phylogenetic placement methods
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Phylogenetic placement
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● Maximum likelihood methods (e.g., pplacer and EPA-ng)
● Distance-based (e.g., APPLES-2)
● Alignment-free (e.g., App-SpaM)

○ Does not require any alignment
● Best accuracy from pplacer and EPA-ng

i. Runtime and memory issues when the tree is very large 
ii. Numerics for large trees (negative infinity values)

SCAMPP [1] and BSCAMPP [2] are designed to scale pplacer and EPA-ng to 
large backbone trees, with high accuracy and reduced runtime

Phylogenetic placement

6

[1] Wedell, Eleanor, Yirong Cai, and Tandy Warnow. “SCAMPP: Scaling Alignment-Based Phylogenetic Placement to Large Trees.” IEEE/ACM Transactions on Computational Biology 
and Bioinformatics, 2022, 1–1. https://doi.org/10.1109/TCBB.2022.3170386.

[2] Wedell, Eleanor, Chengze Shen, and Tandy Warnow. “BSCAMPP: Batch-Scaled Phylogenetic Placement on Large Trees.” IEEE Transactions on Computational Biology and 
Bioinformatics, 2025, 1–14. https://doi.org/10.1109/TCBBIO.2025.3562281.

https://doi.org/10.1109/TCBB.2022.3170386
https://doi.org/10.1109/TCBBIO.2025.3562281


● Divide the placement problem into multiple sub-problems, enabling 
better scalability.

SCAMPP/BSCAMPP for phylogenetic placement
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method description

SCAMPP creates a subproblem for each new sequence.

BSCAMPP creates a subproblem for a group of new sequences.

Both solve each subproblem with pplacer or EPA-ng.



SCAMPP pipeline
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A new sequence X is 
assigned to its closest leaf

Subtree extracted from the 
selected leaf; X is placed to 
the subtree.

Placement of X transits to the 
backbone tree.



Comparison to other placement methods
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> Placing 20,000 fragmentary new sequences into a 180,000-leaf phylogenetic tree.
> BSCAMPP(e) denotes that it is run with EPA-ng (“(p)” for pplacer).
(left) placement error, lower is better
(middle) runtime usage
(right) memory usage



Impact of using BSCAMPP - abundance profiling

● TIPP3-fast [1] uses BSCAMPP to place 
metagenomic reads onto taxonomic trees

● Higher profiling accuracy compared to 
Kraken2 and Bracken.
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● Implemented with Python and C++ 
(requires cmake installed)

● Available on GitHub and PyPI: 
https://github.com/ewedell/BSCAMPP

SCAMPP/BSCAMPP code
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Installation and Usage: SCAMPP/BSCAMPP
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1. Scenario 1: placing new sequences into an existing tree
○ Note: all commands require a model file that describes the input tree

i. E.g., log file from the RAxML-ng/FastTree-2 tree estimation

1. Scenario 2: changing the base placement method (EPA-ng to pplacer)

Scenarios to use: BSCAMPP
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1. Scenario 1: placing new sequences into an existing tree

Sample logging
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1. Scenario 1: placing new sequences into an existing tree

Output to directory (default) → bscampp_output/*

Output placement file → bscampp_output/bscampp_result.jplace

Sample output
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SCAMPP/BSCAMPP

○ Maximum-likelihood phylogenetic placement methods on very large trees (200,000 
sequences and more)

○ Scales to large data than other maximum-likelihood methods (pplacer, EPA-ng)
○ Higher accuracy than other types of phylogenetic placement methods
○ BSCAMPP: much faster than SCAMPP and about as accurate

Summary
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