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Abstract

Catalpa lutea J.H.Wang, W.J.Ma & Z.Y.Li, a new species of Bignoniaceae from north, cen-
tral, and east China, is described and illustrated. By combining recent morphological com-
parisons with phylogenetic analyses of nuclear single-nucleotide polymorphisms (SNPs)
and the chloroplast genome, we demonstrate that C. lutea is readily distinguishable from
its congeners, including Catalpa fargesii Bureau and other Chinese species of section
Catalpa. A detailed morphological description, illustrations, and molecular data are pro-
vided. While conforming to sect. Catalpa in its typically ovate leaf blades, didynamous
stamens, and five corolla lobes, C. lutea is unequivocally distinguished by its narrowly
ovate crown, yellow heartwood, bright yellow anthers, filaments with purple dots, conspic-
uously thickened deep purple striations within the corolla tube, and floral spots exceed-
ing 1 mm in diameter. Additional diagnostic characters include young foliage frequently
flushed purple, mature leaves green with a purple tinge on occasion, and 3—4 nectaries at
the leaf axils on the abaxial surface. The conservation status of this species is assessed
OPEN 8““555 as “Data Deficient” (DD) according to the IUCN Red List Categories and Criteria.
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L Introduction
Citation: Liu Y, Li Z-Y, Zhang J-T,

Ge W-T, Zhang M-G, Lu N, Ma W-J, Bignoniaceae Juss. belongs to Lamiales (Olmstead et al. 1993; Angiosperm
Wang JH (2026) Catalpa lutea Phylogeny Group Il 2003) and includes about 110 genera and more than 800

Bignoniaceae), a new species . . . . . .
](tm?n north ce?ﬂral andzast China species (http://www.britannica.com/plant/Bignoniaceae). Several genera in-
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(Olmstead et al. 2009). The genus Catalpa Scop. (Bignoniaceae, tribe Catalpeae
Copyright: © Ying Liu et al. DC. ex Meisn.) contains ten natural species distributed in two sections, C. sect.

This is an open access article distributed under . . .
terms of the Creative Commaons Attribution Catalpa and C. sect. Macrocatalpa Griseb. Section Macrocatalpa contains four

License (Attribution 4.0 International - CCBY 4.0).  natural species, which are only found in the Greater Antilles (Fischer et al. 2004;
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Olsen and Kirkbride 2017). Section Catalpa includes six natural species and
two hybrids, which are distributed in China and North America (Li 1952; Wen
1999; Li 2008; Yih 2012; Li et al. 2022).

All species of sect. Catalpa are deciduous trees occurring in temperate
to subtropical regions. The species are often described as among the most
beautiful of the hardy flowering trees, with thyrses of white or yellow flowers
or racemes or corymbs of pink flowers (Meyer 1907; Dirr 2009; Grimshaw and
Olsen 2011). C. bignonioides Walter and C. speciosa Teas are endemic to North
America and show paniculate inflorescences, a white corolla, a circular corolla
orifice, and relatively wide capsules (0.9-1.7 cm). The Chinese endemic spe-
cies C. ovata G. Don is similar to the North American species in its paniculate
inflorescences and circular corolla orifice, but C. ovata exhibits a small, yellow
corolla and narrower capsules (0.4-0.7 cm). The three other species endemic
to China (C. bungei C.A. Mey, C. duclouxii Dode, and C. fargesii Bureau; Li 2008)
present corymbose, racemose, or paniculate inflorescences, a transversely
elliptic corolla orifice, and relatively narrow capsules (0.3-0.6 cm width), but
there are differences in the color of the wood and young branches, indumentum
type, color and shape of flowers, and distribution of these species. Addition-
ally, C. tibetica Forrest has been recognized as a synonym of C. bignonioides
(Kirkbride and Olsen 2011).

To assess the current status of wild Chinese Catalpa resources and to pro-
vide a foundation for biodiversity conservation and sustainable utilization, we
initiated nationwide field surveys in 2009 and have since assembled an exten-
sive germplasm collection. In 2010, an unfamiliar wild population specimen
was first collected in Luanchuan County, Henan Province. Detailed comparison
with the protologues presented in “Flora of China” (Zhang and Santisuk 1998)
revealed consistent morphological divergence from all previously recognized
members of sect. Catalpa. Over the subsequent 15 years, extensive wild pop-
ulations were documented across northwestern Shaanxi Province, eastern
Anhui and Shandong Provinces, and coastal Lianyungang City, Jiangsu Prov-
ince, including veteran trees exceeding 200 years of age (Fig. 1). Consistent
with Olsen and Kirkbride (2017), this taxon maintains both distributional and
morphological differentiation from congeners. Historical records indicate that
this yellow-wooded lineage has been taxonomically distinguished from other
Catalpa species since as early as 1500 years ago. Integrated morphological
and molecular phylogenetic analyses confirm that this lineage represents a
previously unrecognized natural species of Catalpa. Herein, we formally de-
scribe it as Catalpa lutea J.H.Wang, W.J.Ma & Z.Y.Li, sp. nov. and discuss its
systematic relationships.

Material and methods
Morphological investigation

Morphological observations and measurements of the new species were car-
ried out on both living plants in the field and dried specimens from herbaria
(HITBCI, PE, CAF, YCP, and RAF). Photographs were taken in the field. All mor-
phological characteristics were studied under a dissecting microscope and de-
scribed using the terminology presented by Olsen and Kirkbride (2017).
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Figure 1. Distribution of the Catalpa species in China. The blue background on the map indicates rainfall in the region, with
darker blue representing more abundant precipitation. The orange spots indicate the localities where wild specimens of
Catalpa lutea were collected. The orange area denotes the main distribution range of C. lutea, while the other colors represent
the principal distribution areas of C. bungei, C. duclouxii, and C. fargesii, respectively. Map approval number: GS20240650.

Sample collection, DNA sequencing, and chloroplast genome assembly

To construct a phylogenetic tree of the genus Catalpa, we selected the mono-
typic sister genus Chilopsis D. Don as the outgroup, represented by one sample
of Chilopsis linearis. A total of 29 Catalpa samples were included, covering sev-
en species of sect. Catalpa (Suppl. material 1). DNA was extracted from silica
gel-dried leaves using the DNAquick Plant System (Tiangen Biotech Co., Ltd.,
Beijing, China). DNA quality and concentration were assessed by 1% agarose
gel electrophoresis, a Nanodrop 2000 spectrophotometer (Thermo Fisher Sci-
entific Inc., Waltham, MA, USA), and a QubitTM 2.0 Fluorometer (Thermo Fisher
Scientific Inc., Waltham, MA, USA). Sequencing libraries were prepared with the
NEBNext Ultra DNA Library Prep Kit (New England Biolabs, Ipswich, MA, USA).
The DNA samples were indexed by tags and then sequenced on a DNBSEQ
T7 platform at Glbizzia Biosciences Co., Ltd., Beijing, China. Single nucleotide
polymorphisms (SNPs) were identified by aligning whole-genome resequenc-
ing reads to the Catalpa bungei reference genome. High-quality reads were
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mapped using BWA v0.7.17 (Li and Durbin 2009), and duplicate reads were
removed with SAMTOOLS (Li et al. 2009). SNP calling was performed using
GATK v4.4.0.0, with filtering based on the following thresholds: QD < 2.0, MQ <
20.0, FS > 60.0, MQRankSum < —12.5, and ReadPosRankSum < —8.0. Additional
filtering was conducted with VCFtools v0.1.16 (Danecek et al. 2011) to exclude
SNPs with >20% missing data and a minor allele frequency < 0.05. In parallel,
chloroplast genomes of all 30 samples were assembled separately using Get-
Organelle v1.7.5 (Jin et al. 2020), based on the raw sequencing data and refer-
ence chloroplast genomes of six Catalpa species from Li et al. (2022). The as-
sembled chloroplast genomes were annotated and visualized with CPGAVAS?2.

Phylogenetic analyses

Phylogenetic analyses were conducted using both maximum likelihood (ML)
and Bayesian inference (Bl). For ML analysis, RAXML v1.2.1 (Stamatakis 2014)
was used with the best-fit model selected by jModelTest2 (Darriba et al. 2012).
Bootstrap support was evaluated with 1,000 replicates. Separate ML trees were
constructed for nuclear SNPs and chloroplast genomes, with Chilopsis linearis
set as the outgroup. For Bl analysis, sequences were aligned using MAFFT
(Nakamura et al. 2018) and converted to NEXUS format. XML input files were
prepared with BEAUti v1.8.2 (Drummond et al. 2012). Markov chain Monte
Carlo (MCMC) analyses were run for 10 million generations in BEAST v1.8.2
(Drummond et al. 2012), with sampling every 1,000 generations starting from a
random tree. Convergence was assessed using Tracer v1.6, ensuring effective
sample size (ESS) values > 200 for all parameters. Phylogenetic trees were
visualized using FigTree v1.4.4 and Adobe Illustrator 2021.

Results
Phylogenetic relationships

After data filtering, we obtained 1,427,052 nuclear SNP sites (available at
https://ngdc.cncb.ac.cn/gsa, accession number: CRA034837). The phyloge-
netic tree reconstructed from these SNPs is presented in Fig. 2. The topologies
derived from ML and Bl analyses were largely congruent. Most nodes in both
the ML and BI trees received full support (BS = 100%, PP > 0.97), except for
a small number of nodes. The phylogeny based on the SNP dataset showed
that samples of each taxon in sect. Catalpa formed monophyletic clades. The
species were divided into two major clades: C. ovata clustered with the North
American species C. bignonioides and C. speciosa in one clade, while the re-
maining Catalpa species distributed in China formed the other clade. Within
the latter clade, the new species was positioned close to the clade comprising
C. bungei and C. duclouxii (PP = 1.00, BS = 100%).

The chloroplast genomes of the seven species from sect. Catalpa exhibit-
ed similar structural characteristics (chloroplast genome data are available at
https://ngdc.cncb.ac.cn/genbase/review/97cdb7928376, accession numbers:
C_AA133069.1-C_AA133098.1). Their lengths ranged from 157,890 bp (C. farge-
sii) to 158,355 bp (C. ovata). The phylogenetic tree reconstructed from the complete
chloroplast genomes is presented in Fig. 3. Consistent with the SNP tree, samples
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Figure 2. Phylogenetic relationships of Catalpa inferred from nuclear SNP data of 30 samples using maximum likelihood
(ML) and Bayesian inference (BI). The bootstrap support values (BS) and posterior probabilities (PP) are listed at each node.
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Figure 3. Phylogenetic relationships of Catalpa inferred from 30 complete chloroplast genomes using maximum likelihood
(ML) and Bayesian inference (BI). The bootstrap support values (BS) and posterior probabilities (PP) are listed at each node.

of each taxon formed monophyletic clades in the plastid phylogeny. However, un-
like the SNP tree, the chloroplast genome tree revealed that the North American
species C. bignonioides and C. speciosa constituted one clade, while C. ovata clus-
tered with the other Chinese taxa in another major clade. The new species formed
a sister clade to C. bungei with strong support (PP = 0.9962, BS = 100%).

Taxonomic treatment

Catalpa lutea J.H.Wang, W.J.Ma & Z.Y.Li, sp. nov.
urn:lsid:ipni.org:names:77375729-1

Figs 4,5,6

Chinese name: 422k

Type. CHINA + Henan Province, Luanchuan County, Qiuba Township,
34°07'59.6"N, 111°33'30.88"E, 115 m a.s.l., 26 Aug. 2019, W.J. Ma CATSQ002
(holotype: CAF!, barcode no. 10023403; isotypes: PE!, CAF!).
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Figure 4. C. lutea. A. Inflorescence; B. Flower, pistil, and stamen; C. Spots and indumentum within the corolla throat;
D. Young blade; E. Seed; F. Wood cross-section; G, H. Inflorescences at different developmental stages; I. Flowering
branch. Photographs taken by Ying Liu.

Diagnosis. C. lutea is easily distinguished from all other species of Catalpa
by the following combination of characters: narrowly ovate crown; yellow heart-
wood; yellow anthers; yellow xylem appearing in four-year-old branches and old-
er; filaments with scattered purple spots and a purplish stigma; darker, thicker,
and more prominent purple striations inside the corolla tube, with spots exceed-
ing 1 mm in diameter; gray-brown bark that is neither warped nor exfoliating;
leaf blades markedly longer than wide; young foliage frequently flushed purple,
mature leaves green with occasional purple tinge; leaves of sprouting shoots
suborbicular and 3—-5-lobed; abaxial surface bearing 3—4 nectaries at the junc-
tions of the veins on the lower leaf surface, two nectaries at the base. 2n = 40.
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C. lutea is morphologically similar to C. bungei in its slender petioles, cor-
ymbose inflorescences, and white corolla with many purple spots. However,
C. lutea differs from C. bungei by having a transversely elliptic corolla orifice,
thicker petals, larger corolla spots, significantly fewer capsules, and a flowering
phenology that is about 8 days earlier in regions of sympatry, in addition to its
distribution extending to eastern coastal China. Phylogenetic analysis based
on genome-wide SNP data revealed that C. lutea was sister to a clade com-
prising C. duclouxii and C. bungei, with strong statistical support. Phylogenet-
ic analysis based on the complete chloroplast genome indicated that C. lutea
formed a sister clade to C. bungei. A detailed morphological comparison of the
species most similar to C. lutea is provided in Table 1.

Table 1. Morphological comparison of Catalpa lutea and its most morphologically similar related species.

Character Catalpa lutea
Wood sapwood white, heartwood
yellow, annual rings
indistinctly brownish
Indumentum

Generally glabrous, glabrous

Catalpa bungei Catalpa fargesii Catalpa duclouxii

sapwood gray-white, sapwood gray-white,
heartwood gray-brownish, | heartwood gray-brownish,
annual rings brownish annual rings brownish

sapwood gray-white,
heartwood gray-brown,
annual rings brown

simple, stellate, and glabrous

occasionally with sparse
simple hairs

Young shoots | brown green to brown gray,
scattered narrowly elliptic
to elliptic lenticels

Leaf blades homomorphic, longer than
wide or about as long as

wide, purple green to green

Inflorescence racemose-corymbose,
rarely partly branched,

3-13-flowered

Corolla with scattered large deep
purple spots, 9-12 rows of
thick deep purple stripes,
slightly raised 2-longitudinal
ridges

Anthers yellow

Filaments white, scattered purple
dots

Infructescence with 1-2 capsules

crown ovate-conic to
broadly ovoid

Crown shape

dendroid hairs

yellow-brown to brown, gray to brown, densely
densely with orbiculate to with orbiculate to elliptic
elliptic lenticels lenticels

homomorphic, longer than | homomorphic, longer than
wide, green to deep green wide, deep green

racemose to corymbose,
not branched,
6-18-flowered

racemose to corymbose,
3-12-flowered

with densely fog-like purplish | with densely fog-like purplish
pink microspots, 9-21 fine, | pink microspots and 14-23

discontinuous purplish-pink | fine, discontinuous purplish-
stripes and slightly raised pink stripes and obviously
2-longitudinal ridges raised 2-longitudinal ridges

white white

white, without dots white, without dots

with 1-3 capsules with 1-3 capsules

Ovate to broadly ovate broadly ovate to umbrella-

shaped

light gray, densely with
orbiculate to broadly
lenticels

homomorphic, longer than

wide, deep green

racemose to paniculate,
(12-)15-38-flowered or
more

with densely fog-like purplish
pink microspots and 16—-36
fine, discontinuous purplish-

pink stripes and strongly

raised 2-longitudinal ridges

white

white, without dots

with (2)3-10 capsules or

more

Narrowly ovate to ovate

Description. Deciduous trees, 3-30 m tall, 30-100+ cm DBH, crown
ovate-conic to broadly ovoid. Wood: with dark gray-brown sapwood and yellow
heartwood. Young trunks with brown gray, smooth bark and scattered grayish
lenticels; old trunks dark gray, vertically furrowed, and transversely fissured;
young shoots brown green to brown gray, scattered narrowly elliptic or elliptic
lenticels, mostly glabrous, occasionally sparsely hispidulous, glabrous when
older. Bark: irregularly cracked; bark lobes horizontally broken into rectangular
lobes and not warped, thick, and persistent. Leaves opposite or in whorls of
three, unequal in size in each pair or each whorl, sparsely hispidulous when
young, glabrate when older. Petioles: 3—-9 cm long, 1-3 mm wide, pale green
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to red-purple; leaf blades: chartaceous, red-brownish when young, turning
deep green with age, deltoid-ovate to broadly ovate, 7-14 x 5-12 cm, distinct-
ly longer than the width, truncate or shallowly cordate at base, margin entire,
apex cuspidate or caudate; mid-rib with 3—4 arcuate secondary veins on each
side, 3 palmate-nerved at base, abaxial veins prominent; abaxially with dark,
triangular areas in axils of two basal secondary veins, with dense, glandular
dots dark purple or green; leaves of sprouting branches heteromorphic, blades
nearly orbiculate, 3—5-lobed, lobes cuspidate or caudate at the apex, abaxially
with 3—-4 nectaries at the axils of lower secondary veins. Inflorescences: race-
mose-corymbose, terminal, 3—13-flowered, rarely partly branched, with pedun-
cles 2-2.5 cm long, scattered narrowly elliptic lenticels, glabrous, with bracts
at the base of each pedicel; pedicel 2-3.5 cm long, with 1-3 bracteoles below
the middle of each pedicel, bracteoles alternate, shorter than bracts, narrowly
linear,2-6 x 0.4—1 mm, curved at the apex, glabrous, deciduous after anthesis.
Calyx: turbinate, red-purple, glabrous, 2-parted, near ca. T mm from the base,
lobes ovate to broadly elliptic, 1.2-1.8 x 0.6-0.9 cm, cuspidate at the apex,
tipped with two abrupt points. Corolla: tubular—funnelform, 3.5-4.2 cm long,
glabrous, tube 1.8-2.1 cm long, ca. 2 mm wide at base, 1.6—1.9 cm wide at
orifice of corolla, transversely elliptic, occasionally with simple hairs inside
the throat. limb 2-lipped, lower lip 3-lobed, lobes transversely broadly elliptic
to orbiculate, 1.4-1.8 x 1.9-2.2 cm, rounded or obtuse at the apex, connate
at the base for 5-9 mm,; upper lip 2-lobed, lobes broadly ovate to transversely
oblong, 0.5-0.7 x 1.1-1.3 cm, rounded or obtuse at the apex, connate at the
base for 0.9-1.2 cm, all lobes crimped; corolla white, with many small purple
spots on the tube outside; lower lobes with rows of larger purple spots along
the veins and densely scattered over the surface and inside of the tube, includ-
ing some spots exceeding 1 mm in diameter; with two rows of disjunct bright
yellow spots and slightly raised 2-longitudinal ridges between the tube inside
and the lower lobes. Stamens 2, 1.3-1.6 cm long, glabrous; filaments: white,
scattered purple dots; anthers: yellow, two anther cells divaricate, ovate-elliptic,
2.5-3 mm long; staminodes 3, ca. 4 mm long, white, glabrous, stamens and
staminodes inserted into the corolla tube ca. 2 mm from the base. Pistil gla-
brous; ovary 2-3 mm long, green; style 1.4-1.7 cm long, white; stigma 2-part-
ed, lobes lanceolate unequal, 1.5-2 mm long, purplish. Capsules: 1-2 per
infructescence, 30—70 cm long, 3—5 mm wide, glabrous, with the septum 1.5—
2.5mm wide. Seeds: body brown, transversely narrowly oblong, 1.5-2 mm long,
0.9-1.5 cm wide, truncate at the base and apex, sides acute, ciliate on sides,
with hairs 0.5-2 cm long, white.

Distribution. Wild populations of C. lutea are found in Shaanxi, Henan, Shan-
dong, Anhui, and Jiangsu provinces, with relatively abundant populations pre-
served in mountainous areas of coastal regions. Natural populations are dis-
tributed at elevations of approximately 0-800 m a.s.l. The species is currently
widely cultivated in northern China.

Phenology. Flowering occurs from mid-April to early May, lasting 10-15
days, and fruiting extends from May to September. The flowering period begins
approximately 8 days earlier than that of sympatrically distributed C. bungei.

Etymology. The specific epithet of ‘lutea’ comes from local Chinese names:
“Huang Qiu” (Yellow Catalpa, in Henan Province, China) and “Jin Qiu” (Golden
Catalpa, in Shandong Province, China) refer to yellow heartwood.
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Catalpa lutea Catalpa bungei Catalpa fargesii | Catalpa duclouxii

Figure 5. C. lutea and related species. Column 1, C. lutea; column 2, C. bungei; column 3, C. fargesii; column 4, C. duclouxii.
A. Flower morphology; B. Anther; C. Flower bud and calyx; D. Blade indumentum; E. Cross-section of branches four or
more years old; F. Heartwood color; G. Blade. Photographs taken by Ying Liu and Wen-Jun Ma.
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Figure 6. A-C. Mature trees of C. lutea; D—F. Habitat and bark of a 200+ year-old ancient C. lutea individual; G, H. Habitat.

Habitat and ecology. Through a two-year investigation of wild Catalpa re-
sources across more than 40 prefectures and cities in China, we documented
the habitat and ecological characteristics of C. lutea. It is distributed in the tem-
perate regions of China, with its range partially overlapping those of C. bungei
and C. fargesii (Fig. 1). However, it is the sole Catalpa species documented in
the eastern coastal region. For instance, it can be found in the granitic rocky
habitats of Yuntai Mountain in Lianyungang, at elevations of 200-450 m a.s.l,,
where the environment is dominated by weathered scree slopes with only thin
layers of acidic humus soil retained in rock crevices. Associated species in-
clude Selaginella sinensis and scattered Umus parvifolia. The new species
roots directly in rock fissures, demonstrating lithophytic adaptation. In other
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distribution areas, it grows on slopes and in forests, accompanied by trees
such as Cercidiphyllum japonicum Sieb. et Zucc., Toona sinensis (Juss.) Roem.,
Diospyros kaki var. silvestris Makino, Chionanthus retusus Lindl. & Paxton, and
Cornus officinalis Sieb. et Zucc.; shrubs such as Salix caprea L. and Spiraea
chinensis Maxim.; as well as herbaceous plants including Teucrium viscidum
BIl., Geranium wilfordii Maxim., Impatiens pterosepala Hook. f., Silene tatarinowii
Regel, Artemisia lavandulifolia DC., and Artemisia sacrorum Ledeb., among oth-
ers. Unlike C. duclouxii, C. lutea produces relatively fewer fruits. In certain habi-
tats, it relies primarily on sprouting propagation, while in others it does set fruit.

Discussion

Catalpa has a series of distinguishable characteristics, such as linear capsules,
spindle-shaped seeds, and a campanulate corolla. Catalpa with yellow heart-
wood has been recorded from China around 544 CE, but the taxonomic status
of this taxon has remained uncertain. Through a nationwide survey of wild Catal-
pa resources across China, together with comparative analyses of morphology,
distribution, and phenology, as well as phylogenetic reconstructions based on
genome-wide SNPs and complete chloroplast genomes, we confirm that this lin-
eage is clearly distinct from other species in sect. Catalpa. In accordance with its
diagnostic yellow anthers and heartwood, we formally describe it here as C. lutea.

Among the Chinese Catalpa species, C. ovata can be readily distinguished
from other native taxa listed in Table 1 by its paniculate inflorescences bearing
30-240 flowers, pale yellow to white corolla base, and infructescences pro-
ducing 20-35 capsules. However, the taxonomic treatment of the remaining
Chinese lineages has been subject to considerable controversy.

Taking C. duclouxii as an example, Dode (1907) described this species based
on specimens from Yunnan, noting its glabrous leaf undersurfaces and inflores-
cences, along with more highly branched inflorescences, as key differences from C.
fargesii. Rehder (1913) later treated it as a variety of C. fargesii, and Gilmour (1936)
further reduced its status to a form of C. fargesii. However, Li (2008) revealed that
C. duclouxii is genetically closer to C. bungei and argued against its classification
as an infraspecific taxon of C. fargesii. Olsen and Kirkbride (2017), in contrast, con-
sidered that the three taxa—C. bungei (with simple hairs), C. fargesii (with stellate
pubescence), and C. duclouxii (glabrous)—could not be reliably distinguished based
solely on indumentum characteristics and thus merged them into a single species.

Our long-term observations reveal that C. duclouxii exhibits a narrower
crown compared to C. bungei and C. fargesii. Its inflorescences are racemose
to paniculate, bearing (12-)15-38 or more flowers, and it sets a higher number
of fruits (Table 1). Pollen viability follows the order C. duclouxii > C. bungei >
C. fargesii (Jia 2009). This species is widely distributed in southwestern China
across an elevational range of 400-2800 m a.s.l., representing the highest al-
titudinal distribution among the native taxa. Its range only partially overlaps
with those of C. bungei and C. fargesii, and its phenology differs significantly.
In our phylogenetic reconstructions, samples of C. duclouxii consistently form
a monophyletic clade. The phylogeny based on genome-wide SNPs places it
closer to C. bungei, whereas the chloroplast genome tree shows a conflicting
topology—a pattern congruent with findings from Li (2008) and Dong et al.
(2022). This suggests potential incomplete lineage sorting or introgression
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among C. bungei, C. fargesii, and C. duclouxii. Nevertheless, the pronounced
morphological, ecological, phenological, and adaptive divergences among
them support their recognition as distinct species.

Regarding C. fargesii, Bureau (1894) accepted it as a valid species in the first
comprehensive monograph of Catalpa. Although Olsen and Kirkbride (2017)
proposed its merger with C. bungei and C. duclouxii, our study identifies sever-
al distinguishing morphological traits (Table 1). Furthermore, C. fargesii is the
only one of the three that extends into relatively higher latitudes. Therefore, we
maintain that these three lineages should be treated as separate species.

The new species described herein is morphologically more distinct from the
above three lineages (Figs 4, 5; Table 1). Ma et al. (2020), using AFLP markers
to compare 75 samples of ‘Jinsigiu’ (the provisional name for C. lutea) with
C. bungei and C. fargesii, reported significant morphological and genetic differ-
entiation, with a considerable genetic distance, and recommended a revision of
its taxonomic status. Li et al. (2022) also explored its phylogenetic relationships
using chloroplast genome data. Through nationwide field surveys, we have iden-
tified a set of consistent diagnostic characters and a distinct distribution range
for this taxon. Moreover, in areas where its range overlaps with C. bungei, it flow-
ers approximately 8 days earlier, indicating a degree of reproductive isolation.

C. lutea primarily propagates through sprouting and rarely sets fruit. Its cap-
sules measure approximately 40—-70 cm in length, with fusiform seeds bearing
white hairs at both ends. The corolla is 5-lobed, featuring obovate lobes. Wild
populations of this species are documented in Henan, Shaanxi, Hebei, Shan-
dong, Anhui, and Jiangsu provinces, with relatively well-preserved populations
found in coastal mountainous areas. Compared to other species in the genus
Catalpa, C. lutea exhibits distinctive characteristics such as distinctly yellow
heartwood, bright yellow anthers, filaments with purple dots, and darker, thick-
er, and more prominent deep purple stripes inside the corolla tube, along with
floral dots exceeding 1 mm in diameter.

Specimens examined

CHINA -+ Henan: Luanchuan County, Qiuba Township, 34°07'59.6"N,
111°30'30.96"E, 115 m a.s.l., on slopes, 23 April 2020, JT Zhang, JSQ-2020-
001 (PE and CAF), JSQ-2020-002 (PE and CAF), and JSQ-2020-003 (PE and
CAF); « Jiangsu: Lianyungang City, Haizhou District, Huaguoshan, 34°39'2.47"N,
119°17'14.03"E, 495 ma.s.l.,on slopes, 23 April 2023, Y Liu, JSQ-2023-003 (CAF);
 Shandong: Linyi City, Mengyin County, Xinzhongshan Village, 35°48'38.26"N,
118°12'51.84"E, 314 m a.s.l., 05 May 2023, Y Liu, JSQ-2023-010 (CAF).

Proposed IUCN conservation status

The species is considered to be “Data Deficient” (DD) according to the IUCN
Red List Categories and Criteria (IUCN 2017).

Acknowledgements

The authors thank Jun Liu, Xin-Xin Zhu, and Yan-Lan Xing for the photographs
of Catalpa.

PhytoKeys 270: 25-39 (2026), DOI: 10.3897/phytokeys.270.171460 36



Ying Liu et al.: Catalpa lutea (Bignoniaceae), a new species from China

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Use of Al

No use of Al was reported.

Funding
This study was supported by the National Key R&D Program of China (2021YFD2200301).

Author contributions

Conceptualization: Z.Y. Li; Methodology: Z.Y. Li, J.H. Wang, W.J. Ma; Investigation: Y.
Liu, Z.Y. Li, J.T. Zhang, W.T. Ge, M.G. Zhang, N. Lu; Writing—original draft: Z.Y. Li, Y. Liu;
Writing—review and editing: Y. Liu; Data curation: W.J. Ma; Project administration: W.J.
Ma, J.H. Wang; Funding acquisition: J.H. Wang.

Author ORCIDs

Ying Liu © https://orcid.org/0000-0002-2905-0015

Zhen-Yu Li ® https://orcid.org/0009-0007-1224-0692
Jiang-Tao Zhang ® https://orcid.org/0009-0007-6417-7015
Wan-Ting Ge @ https://orcid.org/0009-0005-4009-8481
Ming-Gang Zhang © https://orcid.org/0009-0005-2914-4360
Nan Lu ® https://orcid.org/0000-0001-7736-5217

Wen-Jun Ma @ https://orcid.org/0000-0002-1956-3765
Jun-Hui Wang @ https://orcid.org/0000-0003-0384-4746

Data availability

All of the data that support the findings of this study are available in the main text or
Supplementary Information.

References

Angiosperm Phylogeny Group Il (2003) An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants: APG Il. Botanical Jour-
nal of the Linnean Society 141: 399-436. https://doi.org/10.1046/j.1095-8339.2003.
t01-1-00158.x

Bureau LE (1894) Révision dugenre Catalpa. Nouvelles Archives du Muséum d'Histoire
Naturelle, sér. 3. Paris: G Masson, 169-208.

Danecek P, Auton A, Abecasis G, Albers CA, Banks E, DePristo MA, Handsaker RE, Lunter
G, Marth GT, Sherry ST, McVean G, Durbin R [1000 Genomes Project Analysis Group]
(2011) The variant call format and VCFtools. Bioinformatics (Oxford, England) 27(15):
2156-2158. https://doi.org/10.1093/bioinformatics/btr330

Darriba D, Taboada G, Doallo R, Posada D (2012) jModelTest 2: More models, new heu-
ristics and parallel computing. Nature Methods 9: 772. https://doi.org/10.1038/
nmeth.2109

PhytoKeys 270: 25-39 (2026), DOI: 10.3897/phytokeys.270.171460 37


https://orcid.org/0000-0002-2905-0015
https://orcid.org/0009-0007-1224-0692
https://orcid.org/0009-0007-6417-7015
https://orcid.org/0009-0005-4009-8481
https://orcid.org/0009-0005-2914-4360
https://orcid.org/0000-0001-7736-5217
https://orcid.org/0000-0002-1956-3765
https://orcid.org/0000-0003-0384-4746
https://doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x
https://doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x
https://doi.org/10.1093/bioinformatics/btr330
https://doi.org/10.1038/nmeth.2109
https://doi.org/10.1038/nmeth.2109

Ying Liu et al.: Catalpa lutea (Bignoniaceae), a new species from China

Dirr MA (2009) Manual of Woody Landscape Plants: Their Identification, Ornamental
Characteristics, Culture, Propagation and Uses, ed 6. Stipes Publishing, Champaign, IL.

Dode LA (1907) Notes dendrologiques. Bulletin de la Société Dendrologigue de France
6: 190-2009.

Dong WP, Liu YL, Li EZ, Xu C, Sun JH, Li WY, Zhou SL, Zhang ZX, Suo ZL (2022) Phyloge-
nomics and biogeography of Catalpa (Bignoniaceae) reveal incomplete lineage sort-
ing and three dispersal events. Molecular Phylogenetics and Evolution 166: 107330.
https://doi.org/10.1016/j.ympev.2021.107330

Drummond AJ, Suchard MA, Xie D, Rambaut A (2012) Bayesian phylogenetics with
BEAUti and the BEAST 1.7. Molecular Biology and Evolution 29(8): 1969-1973.
https://doi.org/10.1093/molbev/mss075

Fischer E, Theisen |, Lohmann LG (2004) The Families and Genera of Vascular Plants,
Vol. VII. Springer Verlag, Berlin, 16.

Gilmour JSL (1936) Catalpa fargesii forma duclouxii. Curtis’s Botanical Magazine 159:
tab. 9458.

Grimshaw J, Olsen RT (2011) Tree of the year: Chinese species of Catalpa Scop. Interna-
tional Dendrology Society Yearbook: 26—-59.

IUCN (2017) IUCN Red List of threatened species. IUCN, Gland. http://www.iucnredlist.
org/ [accessed 15.06.2021]

Jia JW (2009) Crossing Experimentation of Several Catalpa and Variation of Clones.
Beijing Forestry University, Beijing.

Jin JJ, Yu WB, Yang JB, Song Y, DePamphilis CW, Yi TS, Li DZ (2020) GetOrganelle: A fast
and versatile toolkit for accurate de novo assembly of organelle genomes. Genome
Biology 21(1): 241. https://doi.org/10.1186/s13059-020-02154-5

Kirkbride JJ, Olsen RT (2011) Identity of Catalpa tibetica (Bignoniaceae). Journal of the
Botanical Research Institute of Texas 5: 625-631. https://jstor.org/stable/41972312

Li HL (1952) Floristic relationships between eastern Asia and eastern North America.
Transactions of the American Philosophical Society 42: 371-429. https://doi.
org/10.2307/1005654

Li JH (2008) Phylogeny of Catalpa (Bignoniaceae) inferred from sequences of chloro-
plast ndhF and nuclear ribosomal DNA. Journal of Systematics and Evolution 46:
341-348. https://doi.org/10.3724/SP.J.1002.2008.08025

Li H, Durbin R (2009) Fast and accurate short read alignment with Burrows-Wheeler trans-
form. Bioinformatics (Oxford, England) 25(14): 1754-1760. https://doi.org/10.1093/
bioinformatics/btp324

Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G, Abecasis G, Durbin R
(2009) The Sequence Alignment/Map format and SAMtools. Bioinformatics (Oxford,
England) 25(16): 2078-2079. https://doi.org/10.1093/bioinformatics/btp352

Li F, Liu Y, Wang J, Xin P, Zhang J, Zhao K, Zhang M, Yun H, Ma W (2022) Compara-
tive analysis of chloroplast genome structure and phylogenetic relationships among
six taxa within the genus Catalpa (Bignoniaceae). Frontiers in Genetics 13: 845619.
https://doi.org/10.3389/fgene.2022.845619

Ma QG, Wang ZJ, Xu HM, Li MK, Li HM, Zhang JP, Zhang JG (2020) AFLP analysis of
Catalpa bungei superior clones. Forestry Research 33(5): 145-153. https://link.over-
sea.cnki.net/doi/10.13275/j.cnki.lykxyj.2020.05.018

Meyer FN (1907) Catalpa bungei. U.S.D.A. Bureau of Plant Industry Bulletin 106: 73.

Nakamura T, Yamada KD, Tomii K, Katoh K (2018) Parallelization of MAFFT for large-
scale multiple sequence alignments. Bioinformatics (Oxford, England) 34(14): 2490-
2492. https://doi.org/10.1093/bioinformatics/bty121

PhytoKeys 270: 25-39 (2026), DOI: 10.3897/phytokeys.270.171460 38


https://doi.org/10.1016/j.ympev.2021.107330
https://doi.org/10.1093/molbev/mss075
http://www.iucnredlist.org/
http://www.iucnredlist.org/
https://doi.org/10.1186/s13059-020-02154-5
https://jstor.org/stable/41972312
https://doi.org/10.2307/1005654
https://doi.org/10.2307/1005654
https://doi.org/10.3724/SP.J.1002.2008.08025
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.3389/fgene.2022.845619
https://link.oversea.cnki.net/doi/10.13275/j.cnki.lykxyj.2020.05.018
https://link.oversea.cnki.net/doi/10.13275/j.cnki.lykxyj.2020.05.018
https://doi.org/10.1093/bioinformatics/bty121

Ying Liu et al.: Catalpa lutea (Bignoniaceae), a new species from China

Olmstead RG, Bremer B, Scott K, Palmer JD (1993) A parsimony analysis of the Asteri-
dae sensu lato based on rbc L sequences. Annals of the Missouri Botanical Garden
80: 700-722. https://doi.org/10.2307/2399855

Olmstead RG, Zjhra ML, Lohmann LG, Grose SO, Eckert AJ (2009) A molecular phylogeny
and classification of bignoniaceae. American Journal of Botany 96(9): 1731-1743.
https://doi.org/10.3732/ajb.0900004

Olsen RT, Kirkbride JJ (2017) Taxonomic revision of the genus Catalpa (Bignoniaceae).
Brittonia 6: 1-35. https://doi.org/10.1007/s12228-017-9471-7

Rehder A (1913) Bignoniaceae. In: Sargent CS (Ed.) Plantae Wilsonianae I. Harvard Uni-
versity Press, Cambridge.

Stamatakis A (2014) RAXML version 8: A tool for phylogenetic analysis and post-analy-
sis of large phylogenies. Bioinformatics (Oxford, England) 30(9): 1312-1313. https://
doi.org/10.1093/bioinformatics/btu033

Wen J (1999) Evolution of eastern Asian and eastern North American disjunct distribu-
tions in flowering plants. Annual Review of Ecology and Systematics 30(1): 421-455.
https://doi.org/10.1146/annurev.ecolsys.30.1.421

Yih D (2012) Land bridge travelers of the tertiary: The eastern Asia-eastern North Ameri-
ca floristic disjunction. Arnoldia 69: 14-23. https://doi.org/10.5962/p.258705

Zhang ZY, Santisuk T (1998) Catalpa. In: Wu ZY, et al. (Eds) Flora of China, vol. 18.
Science Press and Missouri Botanical Garden Press, Beijing and St. Louis, 215-216.

Supplementary material 1

Materials used in the present study

Authors: Ying Liu, Zhen-Yu Li, Jiang-Tao Zhang, Wan-Ting Ge, Ming-Gang Zhang, Nan Lu,
Wen-Jun Ma, Jun-Hui Wang

Data type: docx

Explanation note: All samples were used for whole-genome resequencing and chloro-
plast genome assembly.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/phytokeys.270.171460.suppl1

PhytoKeys 270: 25-39 (2026), DOI: 10.3897/phytokeys.270.171460 39


https://doi.org/10.2307/2399855
https://doi.org/10.3732/ajb.0900004
https://doi.org/10.1007/s12228-017-9471-7
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1146/annurev.ecolsys.30.1.421
https://doi.org/10.5962/p.258705
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/phytokeys.270.171460.suppl1

	Catalpa lutea (Bignoniaceae), a new species from north, central, and east China
	Abstract
	Introduction
	Material and methods
	Morphological investigation
	Sample collection, DNA sequencing, and chloroplast genome assembly
	Phylogenetic analyses

	Results
	Phylogenetic relationships
	Taxonomic treatment
	Catalpa lutea J.H.Wang, W.J.Ma & Z.Y.Li, sp. nov.

	Discussion
	Specimens examined
	Proposed IUCN conservation status

	Acknowledgements
	Additional information
	References

