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Abstract 
 
The Sapindaceae, commonly known as the soapberry family, is a cosmopolitan group of approximately 1900 species 
across 144 genera, forming part of the economically and ecologically significant angiosperm order Sapindales. Despite 
prior taxonomic efforts, relationships within Sapindaceae and across Sapindales have remained poorly resolved due to 
complex morphological variation and incomplete infra-familial classification systems. Recent advances in molecular 
systematics, particularly the use of nuclear ribosomal DNA internal transcribed spacer (ITS) sequences and 
Angiosperms353 target enrichment datasets, have enabled substantial progress in reconstructing evolutionary 
relationships within this group. ITS-based phylogenetic analyses have confirmed species-level resolution within Indian 
Sapindus, clearly distinguishing S. emarginatus from S. trifoliatus, and revealing the divergent position of S. oligophyllus, 
which clusters with Allophylus of tribe Thouinieae. Estimates of evolutionary divergence revealed significant variability 
among tribes, with the greatest divergence observed between Paullinieae and Harpullieae (0.20) and the least between 
Sapindeae and Lepisantheae (0.06), supporting past taxonomic hypotheses. Complementary phylogenomic analyses 
using Angiosperms353 markers across 123 Sapindaceae genera (86% coverage) recovered 21 clades, providing the 
basis for a revised classification into four subfamilies and 20 tribes, including six newly proposed tribes within 
Sapindoideae. Broader Sapindales-wide analyses comprising 448 samples and 85% of genera confirmed family 
monophyly and resolved core clades while also revealing persistent challenges in subfamily-level relationships due to 
paralogy, likely linked to ancient hybridisation and polyploidy events. The presence of paralogous loci, particularly in 
Meliaceae and Rutaceae, affirms the need for careful data curation and highlights the impact of ancient genome 
duplications on phylogenetic inference. This integrated molecular framework provides the most comprehensive 
phylogenetic resolution of Sapindaceae and Sapindales to date. It offers a robust foundation for future evolutionary, 
biogeographic, taxonomic, and conservation-orientated studies while emphasising the need for continued sampling and 
the incorporation of genomic complexity in phylogenetic reconstruction. 
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INTRODUCTION 
 
      Molecular markers, especially the internal transcribed 
spacer (ITS) region of nuclear ribosomal DNA, have 
become instrumental in resolving phylogenetic  

 
 
relationships in plants due to their high variability and 
ease of amplification (Alvarez & Wendel, 2003; Kress et 
al., 2005). Several studies have successfully employed  
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ITS sequences to explore plant systematics, offering 
clearer resolution where morphological data fall short 
(Ghada et al., 2013; Du et al., 2014; Michel et al., 2016). 
      Despite progress in understanding the broader 
systematics of Sapindaceae using morphological, 
palynological, phytochemical, and molecular data (Muller 
& Leenhouts, 1976; Buerki et al., 2009, 2010, 2011a), the 
phylogeny of Indian Sapindus species remains 
inadequately studied using molecular tools. This gap 
necessitates rigorous molecular-based phylogenetic 
studies to resolve the classification and evolutionary 
history of the genus. 
      The classification of the Sapindaceae family has 
historically been fraught with challenges, originating from 
Radlkofer’s early work (Radlkofer, 1931–1934) and 
onwards (Meyer, 1976). Although early morphological 
taxonomies provided initial insights, they lacked an 
evolutionary basis. Molecular phylogenetics has since 
revealed high levels of polyphyly and paraphyly in 
traditional subfamilial and tribal classifications (Harrington 
et al., 2005; Buerki et al., 2009). For instance, genera like 
Arytera, Cupaniopsis, and Haplocoelum were shown to 
be non-monophyletic, necessitating taxonomic revisions 
(Buerki et al., 2010). 
      The four-subfamily system proposed by Harrington et 
al. (2005), Dodonaeoideae, Hippocastanoideae, 
Sapindoideae, and Xanthoceratoideae, provided a 
foundation, yet many genera remained unplaced due to 
incomplete sampling. Notably, the tribe Melicocceae has 
been rendered non-monophyletic, and several 
morphological groupings proposed by Radlkofer have 
since been overturned by molecular evidence (Buerki et 
al., 2011a). Further compounding these issues, 
biogeographic analyses indicate that Sapindaceae likely 
originated in Eurasia during the Late Cretaceous and 
spread southward via several dispersal routes, with 
significant diversification in the Southern Hemisphere 
(Buerki et al., 2013). The family comprises over 140 
genera, including economically vital species like Litchi 
chinensis, Dimocarpus longan, and Paullinia cupana. 
However, the delimitation of several genera remains 
uncertain due to insufficient molecular data, and some 
African genera are poorly understood or improperly 
placed (Acevedo-Rodríguez et al., 2011). 
      The genus Sapindus L., comprising approximately 13 
recognised species, is distributed across tropical and 
subtropical regions of Asia, Australia, and North and 
South America (Xia & Gadek, 2007). Within India, the 
taxonomy of Sapindus has long been contentious, with 
considerable disagreement among taxonomists due to 
overlapping morphological characteristics. Early 
classification, such as Hiern (1875), proposed seven 
species. However, subsequent revisions, including those 
by Leenhouts (1969), resulted in the reclassification of 
certain species into the genus Lepisanthes due to 
evolving generic concepts. Further inconsistencies were 
observed in taxonomic treatments provided by Cooke 
(1902), Gamble (1918), and others, particularly 

concerning species like Sapindus trifoliatus, S. 
emarginatus, and S. laurifolius. Some taxonomists 
considered these taxa as synonyms, while others 
maintained their distinctiveness based on subtle 
phenotypic traits (Gamble, 1918; Pant, 2000). This 
taxonomic ambiguity affirms the need for molecular 
investigations to delineate infraspecific and interspecific 
relationships within Sapindus and other closely allied taxa 
of the Sapindaceae family. 
      Recent additions and synonymizations, such as the 
description of Gereaua and the merger of Tinopsis into 
Tina, reflect ongoing adjustments to generic boundaries 
as new data emerge (Buerki et al., 2010a, 2011a; 
Callmander et al., 2011). Within the broader context of 
Sapindales, the order comprises nine families—six 
medium to large (e.g., Sapindaceae, Meliaceae, and 
Anacardiaceae) and three smaller ones (e.g., 
Biebersteiniaceae and Kirkiaceae)—and encompasses 
around 479 genera and 6750 species (Joyce et al., 2023). 
      Economically, Sapindales species contribute over 
US$31 billion annually, supplying fruits, timber, 
pharmaceuticals, and ornamental plants (Joyce et al., 
2023). Despite its significance, the internal relationships 
within Sapindales remain unresolved. Various studies 
have reconstructed Sapindaceae as sister to different 
clades within the order, sometimes linked with 
Anacardiaceae and Burseraceae (Gadek et al., 1996), 
and other times with Rutaceae, Simaroubaceae, and 
Meliaceae (Muellner-Riehl et al., 2016). These 
discrepancies, often based on low statistical support, 
have hindered a robust understanding of Sapindales' 
evolutionary history. 
      Recent phylogenomic advances, particularly in high-
throughput sequencing and target capture 
methodologies, offer promising avenues for resolving 
these complex relationships. The Angiosperms353 bait 
kit, designed for single- or low-copy nuclear genes, 
enables comprehensive phylogenetic reconstructions at 
family and ordinal levels (Johnson et al., 2019; Baker et 
al., 2022). This method also facilitates the detection of 
paralogous loci, which, while historically excluded due to 
analytical challenges, can yield insights into whole-
genome duplications and gene-tree discordance (Smith & 
Hahn, 2021). Given the prevalence of polyploidy and 
gene duplications in angiosperms (Soltis et al., 2009), 
retaining and analysing these loci is critical for 
understanding lineage-specific evolutionary dynamics. 
      The integration of molecular phylogenetics through 
ITS markers and target capture sequencing has the 
potential to resolve long-standing taxonomic ambiguities 
in Sapindus, clarify infrageneric and intergeneric 
relationships in Sapindaceae, and elucidate broader 
evolutionary patterns within Sapindales. A 
comprehensive and well-supported phylogenetic 
framework will not only aid systematic and taxonomic 
research but also inform conservation and biogeographic 
studies, given the ecological and economic importance of 
many Sapindales taxa. 
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MATERIALS AND METHODS 
 
Plant Material 
 
      Studies have employed a multi-scale phylogenetic 
approach integrating both traditional and high-throughput 
molecular techniques. Initially, plant materials consisted 
of 25 accessions representing three Sapindus species 
native to India: nine accessions of S. emarginatus, six of 
S. mukorossi, and seven of S. trifoliatus. These were 
collected across diverse ecological regions in India to 
capture intra-species genetic variability (Mahar et al., 
2011a, 2011b, 2013). Thirteen accessions of closely 
related taxa within Sapindaceae were also included. All 
voucher specimens were deposited at the CSIR-National 
Botanical Research Institute (LWG), Lucknow. For 
broader phylogenetic coverage, 72 accessions were 
evaluated, encompassing the 22 Sapindus samples and 
50 others representing 18 genera of the Sapindaceae 
family (APG III, 2009). Furthermore, a global 
phylogenomic framework was constructed using 472 
accessions, including 448 samples from all nine families 
of Sapindales. These samples were drawn from the Royal 
Botanic Gardens, Kew DNA and Tissue Collection, field 
collections, multiple herbarium institutions, and DNA 
banks. The out-group comprised 24 samples from 
Pentapetalae, including orders such as Brassicales, 
Ericales, Fabales, and others. 
 
 
DNA Extraction and Library Preparation 
 
      Genomic DNA was extracted from fresh and silica-
dried leaves using the CTAB method (Doyle and Doyle, 
1987, 1990), with modifications for herbarium and 
degraded materials, such as adjusted precipitation times. 
DNA quality and quantity were assessed using the 
NanoDrop 1000 Spectrophotometer, Quantus 
Fluorometer, and gel electrophoresis. For degraded 
samples, multiple extractions were pooled and 
concentrated. Samples with fragment sizes >350 bp were 
sheared using a Covaris M220 ultrasonicator. Libraries 
were constructed using the NEBNext Ultra II DNA Library 
Prep Kit with dual indexing. Quality checks were 
performed using TapeStation and library concentrations 
normalized to 10 nM prior to pooling (20–24 
samples/pool). 
 
 
Targeted Enrichment and Sequencing 
 
      Two sequencing strategies were used. The initial ITS-
based sequencing focused on amplifying the ITS region 
using universal primers P4 and P5 (White et al., 1990; 
Baldwin, 1992). PCR conditions followed Allan and Porter 
(2000), and products were visualised on agarose gel and 
purified using the QIAquick Gel Extraction Kit (Qiagen, 
Germany). Sequencing was conducted on an ABI 3730 

automated sequencer, and electropherograms were 
analysed with ABI PRISM® DNA Sequencing Analysis 
Software v.5.0. In contrast, high-throughput 
phylogenomic sequencing used the Angiosperms353 
probe set (Johnson et al., 2019) with hybridisations at 60–
65°C for 24 hours. Enriched libraries were amplified with 
the KAPA HiFi ReadyMix PCR Kit and sequenced on 
Illumina MiSeq or HiSeq platforms by Macrogen (2 × 150 
bp paired-end reads). 
 
 
Gene Recovery and Sequence Processing 
 
      For phylogenomic analysis, raw reads were trimmed 
with Trimmomatic (Bolger et al., 2014), and exon 
sequences were assembled using HybPiper v1.2 
(Johnson et al., 2016), mapping reads against the 
Sapindales subset of the mega target file (McLay et al., 
2021). HybPhaser v1 (Nauheimer et al., 2021) was 
applied for paralogy detection and contamination filtering. 
Samples with >50% missing loci or loci with poor recovery 
were removed. Sequences with >1% SNPs were 
considered paralogous. Cleaned sequences were aligned 
using MAFFT (Katoh and Standley, 2013), with sites 
containing >75% missing data filtered out via Phyutility 
(Smith and Dunn, 2008). Loci were concatenated using 
AMAS (Borowiec, 2016) for supermatrix analysis. 
 
Phylogenetic Analysis 
 
      For the ITS-based analysis, 22 Sapindus and 13 
related accessions were aligned using ClustalW 
(Thompson et al., 1994) in MEGA-6 (Tamura et al., 2013), 
using Sapindus oligophyllus as a reference for ITS region 
boundaries (Buerki et al., 2009). Sequence variation 
statistics and evolutionary divergence were calculated 
using maximum likelihood, and phylogenetic trees were 
generated with 1,000 bootstrap replicates. 
       In the phylogenomic approach, gene trees were 
inferred with RAxML-NG v0.9.0 using the GTR+G model 
and 100 bootstrap replicates (Kozlov et al., 2019). A 
concatenated maximum likelihood tree was estimated 
with IQ-TREE (Nguyen et al., 2015), using ModelFinder 
Plus and 1,000 ultrafast bootstraps (Lanfear et al., 2012; 
Kalyaanamoorthy et al., 2017; Hoang et al., 2018). 
Coalescent species trees were generated using ASTRAL 
v5.7.8 (Zhang et al., 2018), with low-support branches 
collapsed using Newick Utils (Junier and Zdobnov, 2010) 
and outlier branches removed by TreeShrink (Mai and 
Mirarab, 2018). Node support was categorised as low (BS 
< 90, PP < 0.9), moderate (BS = 90–97, PP = 0.9–0.97), 
high (BS = 97–99, PP = 0.97–0.99), and maximum (BS = 
100, PP = 1.0). 
 
Divergence Time Estimation 
 
      Molecular dating incorporated 29 fossil calibrations 
(Parham et al., 2012) placed at stem nodes of respective  
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clades. To accommodate angiosperm age uncertainties, 
three divergence scenarios were considered based on 
Ramírez-Barahona et al. (2020): CC-complete (140.33–
144.29 Ma), RC-complete (143.91–147.94 Ma), and UC-
complete (212.25–221.02 Ma). BEAST v2.6.6 (Bouckaert 
et al., 2019) was used with a fixed topology, relaxed log-
normal clock, and birth-death prior. Ten independent 
MCMC runs of 50 million generations were sampled every 
1,000 generations. Convergence was assessed in Tracer 
v1.7.2 (Rambaut et al., 2018), and consensus trees were 
constructed with logCombiner and TreeAnnotator. 
Sensitivity analyses employed alternative tree priors and 
calibration distributions. 
 
 
RESULTS 
 
Evolutionary Divergence among Sapindaceae Tribes 
 
      The molecular analyses using the nuclear ribosomal 
internal transcribed spacer (ITS) region offered 
substantial insights into the genetic diversity and 
evolutionary relationships within Sapindus and its allied 
taxa in the family Sapindaceae. Estimations of 
evolutionary divergence among Sapindaceae tribes 
revealed varying genetic distances, with the highest 
divergence (0.20) occurring between the tribes 
Paullinieae and Harpullieae, suggesting a deeper 
evolutionary split. In contrast, the lowest divergence 
(0.06) was observed between Sapindeae and 
Lepisantheae, indicating a close evolutionary 
relationship. This finding aligns with past taxonomic 
observations that led to reclassifications of species 
between these tribes (Leenhouts, 1969). 
 
Species-Level Delimitation within Indian Sapindus 
 
Phylogenetic reconstruction based on ITS sequences 
clearly separated the three Indian Sapindus species S. 
emarginatus, S. mukorossi and S. trifoliatus into well-
supported, distinct clusters, affirming their species-level 
differentiation. A significant molecular similarity was noted 
between the Japanese species S. delavayi and S. 
mukorossi, supported by a bootstrap value of 99%, 
suggesting either recent divergence or historical gene 
flow between these geographically separated taxa. 
Particularly notable was the robust molecular distinction 
between S. emarginatus and S. trifoliatus, resolving long-
standing taxonomic ambiguities and contradicting their 
previous treatment as synonyms or varietal forms in 
Indian flora. 
 
 
Phylogenomic Resolution of Sapindaceae Genera 
and Tribes 
 
      Parallel to the ITS-based results, high-throughput 
sequencing using the Angiosperms353 target enrichment 

approach generated a rich phylogenomic dataset. 
Sequence data were successfully retrieved for 123 
genera, representing 86% of the recognised genera in 
Sapindaceae, with an average recovery rate of 335 out of 
353 targeted genes per accession. Although 19 genera 
were excluded due to poor DNA quality or lack of 
available material, prior phylogenetic data enabled the 
taxonomic placement of 11 of them. 
      Phylogenetic trees inferred using both concatenated 
(RAxML) and coalescence-based (ASTRAL III) methods 
revealed nearly identical topologies, differing only in the 
placement of Melicoccus bijugatus. The RAxML-based 
phylogeny placed Melicoccus as sister to Talisia, 
Tripterodendron, and Dilodendron, corroborating earlier 
studies (Buerki et al., 2009, 2011b). Altogether, 21 highly 
supported clades were resolved, including four monotypic 
clades, forming the foundation of a revised tribal 
classification of Sapindaceae. 
      The analyses also supported the existence of four 
subfamilies (Acevedo-Rodríguez et al., 2011) and 
recognised 20 tribes. Notably, clades such as the Litchi 
and Blomia groups, which had previously received limited 
support, were now well-resolved. Additionally, 
phylogenetic positions were confidently assigned to 10 
previously unplaced genera. 
 
  
Locus Recovery and Paralogy Across Sapindales 
 
      The extended Sapindales-wide dataset, comprising 
472 samples including 24 outgroup taxa, further 
reinforced the robustness of phylogenetic inferences. On 
average, 324 loci were recovered per sample, with 74% 
target coverage. Data cleaning using HybPhaser 
removed an average of 15 loci per sample due to signs of 
contamination or excessive SNP divergence.  
      A total of 28.55% of loci were flagged as potentially 
paralogous, defined by a threshold of >1% SNPs. 
Notably, levels of paralogy varied across families, with 
Meliaceae showing the highest (mean 51% ± 4.11) and 
Kirkiaceae the lowest (mean 11% ± 3.89). These trends 
persisted even under stricter criteria for SNP thresholds. 
 
 
Phylogenetic Reconstruction of Sapindales 
 
      The concatenated alignment used for phylogenetic 
inference consisted of 330 loci, totalling 194,132 base 
pairs with 135,613 parsimony-informative sites and 
14.73% gaps or ambiguities. IQ-TREE identified 45 
optimal partitions and produced a maximum-likelihood 
phylogeny after 173 tree searches and 1,000 bootstrap 
replicates, with a final log-likelihood of -10,642,396. Both 
concatenated and coalescent-based analyses provided 
full support for the monophyly of Sapindales and its 
constituent families. Nitrariaceae was consistently 
recovered as sister to all other Sapindales families, 
supported by bootstrap values of 96 and posterior  
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probability of 0.97, thus refining the deep-node 
relationships within the order. 
 
 
Integrated Molecular Framework for Sapindaceae 
Phylogeny 
 
Collectively, the results integrate traditional ITS markers 
with high-resolution phylogenomic data, offering a 
comprehensive and reliable framework for understanding 
evolutionary relationships within Sapindaceae and across 
the order Sapindales. The convergence of outcomes 
across different datasets and analytical approaches 
underscores the robustness of the inferred phylogenies 
and provides a strong basis for taxonomic re-evaluation 
and future comparative evolutionary studies within this 
diverse plant lineage. 
 
 
DISCUSSIONS 
 
Evolutionary Divergence Among Sapindaceae Tribes  
 
       The study revealed notable evolutionary divergence 
among the tribes of the family Sapindaceae, based on 
nuclear ribosomal DNA internal transcribed spacer (ITS) 
sequences and phylogenomic data. The greatest 
divergence (0.20) was observed between Paullinieae and 
Harpullieae, suggesting a deep evolutionary split, while 
the least divergence (0.06) was found between 
Sapindeae and Lepisantheae. This finding affirms 
previous reports of a close genetic affinity between 
Sapindus and Lepisanthes (Harrington et al., 2005). ITS-
based phylogenetic trees generated through maximum 
likelihood analysis also reinforced this pattern as 
Lepisanthes species formed a sister clade to Sapindus 
with 71% bootstrap support. Additionally, several tribes, 
including Doratoxyleae, Harpullieae, Dodonaeeae, and 
Schleichereae, clustered together, suggesting shared 
ancestry, though some relationships received modest 
bootstrap support. Koelreuterieae and Paullinieae 
showed clear separation, highlighting substantial 
divergence. These observations confirm the ITS region’s 
reliability as a marker for estimating evolutionary 
divergence among tribes. 
 
 
Species-Level Delimitation within Indian Sapindus  
 
      Maximum likelihood analyses provided clear 
molecular resolution among the Indian species of 
Sapindus, strongly supporting their species-level 
distinctness. Sapindus emarginatus and S. trifoliatus 
were placed in separate clades with 99% bootstrap 
support, affirming their status as distinct species and 
negating previous assumptions of infraspecific variation. 
Interestingly, S. oligophyllus diverged significantly from 
the other Indian Sapindus species and grouped with 

Allophylus of tribe Thouinieae, indicating potential 
taxonomic misplacement. 
      Earlier taxonomists had debated the classification of 
S. oligophyllus, oscillating its placement across genera 
such as Aphania, Sapindopsis, Howethoa, and Sapindus 
(Rauschert, 1982; Xia and Gadek, 2007). The current 
results validate the species-level classification proposed 
by Prakash and Mehrotra (1990) and Pant (2000) while 
contradicting earlier morphological interpretations. These 
findings affirm the necessity of integrating molecular data 
into taxonomic evaluations, particularly in morphologically 
variable genera such as Sapindus. 
 
Phylogenomic Resolution of Sapindaceae Genera 
and Tribes  
 
      Using the Angiosperms353 targeted sequencing 
approach, the study achieved high-resolution 
phylogenomic insights into Sapindaceae. With successful 
gene recovery from 123 genera (86% of all recognised 
genera), the analysis reinforced the existence of four 
previously described subfamilies (Acevedo-Rodríguez et 
al., 2011), which led to the recognition of 20 tribes. 
      The placement of previously ambiguous genera such 
as Melicoccus, Tristiropsis, and Guindilia was clarified, 
and genera from the economically vital Litchi group, such 
as Litchi, Nephelium, and Dimocarpus, were confidently 
grouped into one clade. New tribes were proposed based 
on unique morphological or genetic features in monotypic 
genera like Blomia and Guindilia. These results show a 
high congruence with earlier phylogenetic frameworks 
(Buerki et al., 2009, 2011a, 2011b), reinforcing the 
robustness of the new tribal classification. 
 
Locus Recovery and Paralogy Across Sapindales  
 
      Comprehensive locus recovery was achieved across 
472 Sapindales samples, including 24 outgroup species. 
On average, 324 loci per sample were recovered, and 
after cleaning through HybPhaser, loci affected by 
contamination or lab errors were removed. Approximately 
28.55% of angiosperm 353 loci were identified as 
paralogous due to having >1% SNPs, with variation 
observed across families. Meliaceae exhibited the highest 
levels of paralogy (51% of loci with >1% SNPs), while 
Kirkiaceae showed the lowest (11%). This heterogeneity 
reflects differences in genome complexity or duplication 
histories among Sapindales families. Importantly, defining 
paralogous loci is critical for constructing accurate 
phylogenies, especially in diverse lineages such as 
Sapindaceae. 
 
 
Phylogenetic Reconstruction of Sapindales  

      Phylogenetic analyses using both concatenated and 
multispecies coalescent approaches yielded highly 
resolved topologies. The concatenated alignment  
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comprised 194,132 base pairs, with 135,613 parsimony-
informative sites. IQ-TREE identified 45 optimal partitions 
with tailored substitution models, and the final consensus 
tree had strong bootstrap and posterior probability 
support across nodes. 

      Notably, Nitrariaceae was recovered as a sister to all 
other Sapindales families (BS = 96; PP = 0.97), 
confirming earlier studies. The placement of Melicoccus 
bijugatus differed slightly between RAxML and ASTRAL 
trees, yet this variation did not affect broader clade 
resolution. Ultimately, the data confirm the monophyly of 
Sapindales and each constituent family. 
 
Integrated Molecular Framework for Sapindaceae 
Phylogeny  
 
      Combining nuclear ITS sequences and extensive 
phylogenomic data from target enrichment has yielded an 
integrated and comprehensive framework for the 
phylogeny of Sapindaceae. The ITS region effectively 
resolved inter-specific and inter-generic relationships, 
while the Angiosperms353 dataset facilitated deeper 
tribal and subfamilial classifications. 
      The identification of well-supported clades, refined 
placement of problematic taxa, and recognition of new 
tribes enhance our understanding of evolutionary 
trajectories in Sapindaceae. These results have 
significant implications for taxonomy, conservation, and 
crop improvement, especially in economically important 
clades like the Litchi group. The study emphasises the 
need for continued phylogenomic investigations and 
broader taxon sampling to resolve the remaining 
uncertainties in this complex and diverse plant family. 
 
CONCLUSION 
 
The integrated molecular approach has significantly 
advanced the understanding of genetic variation, 
phylogenetic relationships, and taxonomic boundaries 
within the Sapindaceae family. Through the application of 
nuclear ribosomal DNA ITS sequences and 
phylogenomic data from the Angiosperms 353 loci, the 
study has provided robust evidence of evolutionary 
divergence among various tribes and affirmed the 
phylogenetic integrity of the four previously recognised 
subfamilies. Notably, the deep divergence observed 
between Paullinieae and Harpullieae and the close 
genetic affinity between Sapindeae and Lepisantheae 
reflect distinct evolutionary trajectories within the family 
and corroborate prior molecular and morphological 
studies. 
At the species level, the clear separation of Sapindus 
emarginatus and S. trifoliatus with strong bootstrap 
support affirms their distinct taxonomic identities, 
resolving longstanding controversies regarding their 
infraspecific classifications. Furthermore, the divergent 

placement of S. oligophyllus, aligning more closely with 
Allophylus of the Thouinieae tribe, suggests the need for 
a taxonomic reassessment of this species. These findings 
highlight the critical role of molecular markers like the ITS 
region in clarifying complex taxonomic issues that cannot 
be adequately resolved by morphology alone. 
Phylogenomically, the study marks a major step forward 
in the systematic classification of Sapindaceae. The high 
recovery of Angiosperms (353 loci from 123 genera) 
allowed for a refined and largely resolved phylogeny that 
supports the formal recognition of 20 tribes. The accurate 
placement of previously ambiguous or unplaced genera, 
along with the definition of new monotypic tribes, 
demonstrates the power of target enrichment strategies in 
resolving deep and shallow phylogenetic relationships. In 
particular, the improved resolution of the Litchi group 
home to economically important species has significant 
implications for conservation, breeding programs, and 
understanding evolutionary diversification in tropical tree 
crops. 
The assessment of locus recovery and paralogy also 
provided critical insights into the genomic architecture of 
Sapindales. Variation in paralogous gene content across 
families underscores the need for tailored data-cleaning 
strategies when working with high-throughput 
phylogenomic data. Moreover, the well-supported 
phylogenetic trees constructed using both concatenated 
and coalescent approaches confirm the monophyly of 
Sapindales and its constituent families while also 
validating the placement of Nitrariaceae as sister to the 
rest of the order. 
Thus, the combination of ITS-based and phylogenomic 
analyses presents a robust and comprehensive molecular 
framework for the taxonomy and evolutionary study of 
Sapindaceae. This framework not only resolves 
previously ambiguous relationships but also offers a 
foundation for future research into functional trait 
evolution, biogeography, and conservation of this 
ecologically and economically vital plant family. 
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