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Abstract
The R package MSCquartets offers a suite of methods for testing and inferring species relationships from gene trees under coalescent models.

MSCquartets 3.3 significantly extends the functionality of version 1.0 by implementing the TINNiK and ECToBlob algorithms for inference

of the tree of blobs under the network multispecies coalescent model (NMSC). Additionally, it implements the NANUQ+ algorithm, a fast

method for inference of level-1 networks. Computational speed of all functionalities is greatly improved through use of C++ routines, and a

Shiny App is introduced for easier exploration of basic analyses.

Availability and implementation: MSCquartets 3.3 is available on the Comprehensive R Archive Network, at https://CRAN.R-

project.org/package=MSCquartets. The MSCquartets 3.3 Shiny App is available at https://mscquartets.shinyapps.io/MSCq-app/

Keywords phylogenetic network, admixture graph, network multispecies coalescent, hybridization, gene flow, admixture

Abbreviations: MSC (multispecies coalescent model); NMSC (network multispecies coalescent model); qcCF (quartet count concordance factor)

Introduction

Phylogenetic networks are increasingly recognized as necessary to

represent evolutionary histories of species and populations. These

depict reticulate processes such as hybridization, introgression,

admixture, and other forms of lateral gene transfer that a single tree

cannot capture. However, inferring such networks from genomic data

remains challenging. Incomplete lineage sorting (ILS), a population-

genetic process causing gene genealogies to differ from the underlying

species history, interferes with the network signal, leading to both

statistical and computational difficulties.

The R package MSCquartets 1.0 [Rhodes et al., 2020] introduced

a suite of methods for inferring species trees and networks under

the tree and network multispecies coalescent (MSC and NMSC)

using quartet-based summaries of gene trees, that is, unrooted

topological gene trees on subsets of 4 taxa. MSCquartets 3.3 represents

a substantial expansion of this framework, particularly in the context

of non-tree-like evolutionary processes.

Notably, MSCquartets 3.3 implements the TINNiK [Allman et al.,

2024] and ECToBlob [Rhodes et al., 2026] algorithms for statistically

consistent inference of trees of blobs of networks with quite general

form. The tree of blobs of a network is an unrooted topological

tree that partially represents species relationships by contracting

reticulate substructures into multifurcations while preserving the

network’s cut edges, which form its tree-like parts. Standard

phylogenetic methods cannot recover the trees of blobs or networks

directly. For example, ASTRAL has been shown to be potentially

misleading in the presence of hybridization [Leaché et al., 2014, Soĺıs-

Lemus et al., 2016, Long and Kubatko, 2018, Pang and Zhang, 2022,

Dinh and Baños, 2025], and practical network inference methods

generally require unverifiable structural assumptions on the network.

MSCquartets 3.3 also implements the NANUQ+ [Allman et al.,

2025] algorithm for resolving a tree of blobs into a level-1

phylogenetic network. NANUQ+ refines a tree of blobs by resolving

its multifurcations into cycles using a divide-and-conquer strategy.

This yields a fast and statistically consistent estimator of level-1

phylogenetic networks under the NMSC. NANUQ+ directly returns

a level-1 phylogenetic network, whereas NANUQ produces a splits

graph that must be interpreted by the user as a phylogenetic network

using additional reconstruction rules.

email:hector.banos@csusb.edu
https://CRAN.R-project.org/package=MSCquartets
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Figure 1 Schematic overview of the core functionalities provided by the MSCquartets 3.3 package.

Figure 1 provides an overview of the main network functionalities

implemented in MSCquartets 3.3. These developments broaden the

range of evolutionary models that can be explored within a unified

quartet-based framework.

Existing functionality has also been significantly accelerated

through recoding certain key routines in C++, improving the

efficiency of previously implemented methods.

Finally, we developed theMSCquartets Shiny application, providing

a web-based interface for key MSCquartets 3.3 functionality which

allows users to explore and apply these methods without a local R

installation or previous R knowledge.

Materials and Methods

Speed performance improvement

MSCquartets 3.3 uses the Rcpp R-package [Eddelbuettel and François,

2011] for fundamental C++ routines to summarize gene tree

data by quartet count Concordance Factors (qcCFs), decreasing

runtime substantially. For example, the function quartetTable() in

MSCquartets v. 1.0 took 15,870 seconds to tabulate all qcCFs for a

23,136 gene tree Leopardus dataset [Lescroart et al., 2023] on 16 taxa.

This same function in v. 3.3 took only 18.1 seconds, a reduction in

computational time by 3 orders of magnitude. (Here and below, all

runtimes are reported for an Apple M2 Pro with 16 GB of RAM.)

TINNiK

TINNiK, introduced in Allman et al. [2024], is a statistically

consistent algorithm for inferring the tree of blobs of a network

under the NMSC. Input is a collection of gene trees summarized

by their qcCFs. A hypothesis test developed in Mitchell et al. [2019]

is applied to these to determine the topology of all induced 4-taxon

trees of blobs, with a quartet inference rule described in Allman et al.

[2023] used to determine larger blobs on the full network. The quartet

intertaxon distance of Rhodes [2020] is then computed, and the tree

of blobs obtained using a distance method, such as FastME [Desper

and Gascuel, 2002] or Neighbor-Joining [Saitou and Nei, 1987] (as

implemented in the R-package ape [Paradis et al., 2004]).

In contrast to many statistically consistent network inference

methods, such as NANUQ [Allman et al., 2019], SNaQ [Soĺıs-Lemus

and Ané, 2016], or PhyNEST [Kong et al., 2024], TINNiK does not

assume the input data comes from a level-1 network. Instead, the

network can be of arbitrary complexity.

The MSCquartets 3.3 implementation of TINNiK took only 19.4

seconds on the Leopardus dataset. Subsequent runs on the same

dataset take a couple of seconds, since the most expensive step of

tallying quartet counts need not be repeated. TINNiK’s runtimes

scale to allow larger sets of taxa, requiring only 930 seconds for 50

taxa. For a detailed overview of TINNiK’s implementation and usage,

a vignette is available within the package1.

ECToBlob

Introduced by Rhodes et al. [2026], ECToBlob is another statistically

consistent algorithm for inferring the tree of blobs of a network

under the NMSC. Input to this method is a collection of gene trees

summarized by their qcCFs and a tree resolving the true tree of blobs.

1
https://cran.r-project.org/web/packages/MSCquartets/vignettes/TINNIK.html.

https://cran.r-project.org/web/packages/MSCquartets/vignettes/TINNIK.html
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Such a tree can be inferred via ASTRAL [Mirarab et al., 2014], or

TREE-QMC [Han and Molloy, 2023]. ECToBlob contracts edges of the

input tree for which, first, there is poor support due to polytomous

quartet signal, and then successively, the most extreme non-tree-like

signals, correcting for multiple testing.

ECToBlob has stronger statistical grounding than TINNiK, due

to its multiple testing correction, and is expected to perform better

across a wide range of datasets. Similar to TINNiK, ECToBlob does

not assume any specific network class; it can be applied to networks

of arbitrary complexity.

The MSCquartets 3.3 implementation of ECToBlob took 21.9

seconds to analyze the Leopardus dataset. Similar to other functions

described here, subsequent runs on the same dataset take only a few

seconds, using qcCFs and hypothesis test results already computed.

ECToBlob’s implementation and usage is described more thoroughly

in a vignette available within the package2.

NANUQ+

NANUQ+ is a collection of routines for statistically consistent

inference networks under the NMSC, developed in Allman et al.

[2025]. Given a collection of gene trees as input, the method returns

a level-1 network (without 2-cycles or 3-cycles). The inferred network

contains both cycles and cut edges, corresponding to reticulate and

tree-like features, respectively.

Given a tree of blobs (e.g., one inferred by TINNiK or ECToBlob),

multifurcations in this tree are resolved into optimal cycles. This

procedure uses a least-squares approach, comparing empirical

NANUQ distances between taxon groups around a multifurcation

(computed from qcCFs) with the expected distances under candidate

cycle configurations.

The user may combine cycle resolutions for some or all individual

multifurcations, as long as the resulting networks can be rooted.

Incompatible cycle resolutions suggest further investigation is needed,

and may cast doubt on the fit of the level-1 NMSC model.

The running time of NANUQ+ is typically measured in minutes,

even for datasets that would take days to analyze using quartet

pseudolikelihood methods and that cannot feasibly be analyzed with

current Bayesian approaches. The NANUQ+ pipeline took 25.4

seconds for the Leopardus dataset, including the estimation of the

tree of blob using TINNiK.

While the NANUQ function outputs a splits graph, NANUQ+

outputs a level-1 network directly. A limitation of NANUQ+ arises

when resolving a high-degree multifurcation in the tree of blobs. For

a multifurcation of degree m, this process involves considering m!
2

candidate cycles. For m ≤ 10, this is computationally efficient (on

the order of minutes), but for m > 10, a heuristic is employed to

speed up the computation (see Allman et al. [2025] for details).

A vignette available within the package3 gives a more detailed

overview of the NANUQ+ implementation and usage.

MSCquartets 3.3 Shiny App

The MSCquartets 3.3 Shiny App is a web application that offers

tools to infer phylogenetic networks and trees from gene tree data,

leveraging the full R package. This tool requires no installation of R,

2
https://cran.r-project.org/web/packages/MSCquartets/vignettes/ECToBlob.html.

3
https://cran.r-project.org/web/packages/MSCquartets/vignettes/NANUQplus.html.

nor any prior knowledge of its use, providing a friendly introduction

to explore the package’s main inference algorithms.

It contains five of the core functions of MSCquartets 3.3: Hypothesis

testing, TINNiK, ECToBlob, NANUQ, and NANUQ+. The user can

run any of these algorithms on the Leopardus dataset or on their own

data. It also allows the user to download the plots obtained from

their analysis in PDF format.

While this app contains some level of flexibility in the parameter

choice of the functions, we recommend directly using the MSCquartets

3.3 R package for more detailed analyses. The App is available

through the shinyapps.io service

https://mscquartets.shinyapps.io/MSCq-app/

Conclusion

The R package MSCquartets 3.3, along with its associated Shiny

App, provides a suite of fast and statistically consistent algorithms

for inference of species trees, trees of blobs (induced by networks

of arbitrary complexity), and level-1 networks under the MSC and

NMSC models, respectively. Additionally, the package implements

hypothesis testing methods to assess the fit of multilocus datasets to

the MSC model. All of these features are based on the relationship

between tree or network topology and expected quartet concordance

factors, providing a common statistical framework for the package.

The TINNiK, ECToBlob, NANUQ, and NANUQ+ estimators can

be constructed quickly, making them computationally attractive for

large-scale analyses. In addition, existing software for optimizing

numerical parameters (such as branch lengths and inheritance

probabilities) can be used to refine these initial topological

estimates and obtain pseudo-likelihood scores efficiently. This

strategy substantially reduces computational cost compared to full

(pseudo)-likelihood-based network searches. Beyond their direct

use for inference, these estimators can also serve as informative

starting points for more computationally-intensive searches over

network space. In particular, NANUQ and NANUQ+ networks

can provide useful initial structures for downstream optimization.

TINNiK and ECToBlob trees can supply upper bounds on the

number of reticulations for methods that require such constraints,

such as PhyNEST and SNaQ [Kong et al., 2024, Soĺıs-Lemus and

Ané, 2016], and can help divide-and-conquer strategies, such as

subsampling taxa to cover a multifurcation in the tree of blobs, for

downstream intensive analyses for inferring the reticulate structure

of the corresponding blob.
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