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Abstract

High levels of intra-specific polymorphism and frequent hybridisation make it difficult
to define species and correctly apply their scientific names. Populus L. is a challenging
genus with plentiful natural and artificial hybrids. This study is a part of the project ‘Flora
of Pan-Himalaya' and aims to determine the taxonomic identity of P gonggaensis N.
Chao & J.R. He and to find out whether it is of hybrid origin. Whole-genome sequencing
data were obtained from 57 samples. The SNP matrix was developed for phylogenetic
reconstruction, ABBA-BABA statistics, PCA and ADMIXTURE analysis. The results indi-
cate that P gonggaensis is a spontaneous hybrid between P, lasiocarpa and P. cathaya-
na. This study points out the importance of SNP data and comprehensive analyses for
discovering the potential interspecific hybridisation and clarifies the usage of the name.
In addition, the lectotype of P gonggaensis was designated.
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Introduction

The genus Populus L. (Salicaceae), embraces ca. 60 tree species that are wide-
ly distributed and cultivated throughout the Northern Hemisphere (Dickmann
2001; POWO 2023). Most of the species of this genus play an important role
in temperate forest ecosystems and numerous cultivars have arisen through
hybridisation and artificial selection (Eckenwalder 1996).

According to morphological features, Populus was divided into six sections,
i.e. sect. Abaso Eckenw., sect. Turanga Bunge, sect. Populus (= sect. Leuce
Duby.), sect. Leucoides Spach, sect. Aigeiros Duby and sect. Tacamahaca Spach
(Eckenwalder 1996). However, phylogenetic studies, based on nucleotide se-
quences, showed different results. Both nuclear and plastid sequences inferred
that sect. Tacamahaca and sect. Aigeiros are polyphyletic (Yun et al. 2015; Liu et
al. 2017). Using genome-wide nuclear single nucleotide polymorphism and chlo-
roplast genome data, Wang et al. (2022) reconstructed the phylogeny of genus
Populus and suggested a classification that recognises four subgenera, subg.
Abaso (Eckenw.) C. Shang, Y.C. Wang and Z.X. Zhang, subg. Turanga (Bunge)
Dode, subg. Populus and subg. Tacamahaca (Spach) Kamelin (= subg. Eupopu-
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lus Dode, nom. inval.; containing species of sect. Leucoides, sect. Aigeiros and
sect. Tacamahaca). The topology of the main clades of Populus is relatively
clear; however, the phylogenetic and taxonomic positions of certain species re-
main problematic. High levels of morphological variation and reticulate evolu-
tion have led to a highly controversial species delimitation (Eckenwalder 1996).
For instance, Fang et al. (1999) recorded 71 Populus species distributed within
China, but Eckenwalder (1996) recognised only 29 species all over the world.

Hybridisation occurs amongst species of Populus and many species have
been proved to be of hybrid origin. When published, P wulianensis S.B. Liang &
X.W. Liand P, ningshanica Z. Wang & S.L. Tung were regarded as species, but an
integrative study, based on molecular evidence and morphological analysis, re-
vealed both of them as hybrid species (Zhang et al. 2018; Liu et al. 2022). Popu-
lus x irtyschensis Chang Y. Yang was also shown to be a filial generation whose
parents should be P, nigra L. and P, laurifolia Ledeb. (Feng et al. 2013; Shang et
al. 2016). Recently, on the basis of whole-genome sequencing, Liu et al. (2022)
examined 227 individuals from 12 taxa of the sect. Populus, recognised seven
species and identified five hybrid taxa. For the genus Populus, interspecific hy-
bridisation poses an obstacle to species delimitation and their possible hybrid
origin (Belyaeva 2020). Therefore, it is important to conduct studies on some
problematic taxa with potential hybridisation phenomena.

High-resolution molecular markers and comprehensive analysis are required
in identification of potential hybridisation. Microsatellite (SSR) or a few nuclear/
plastid sequences are mostly not enough to provide sufficient informative sites to
detect complicated relationships resulting from reticulate evolution (Shang et al.
2022). The first sequenced woody plant genome was P, trichocarpa Torr. & A. Gray
ex Hook. (Tuskan et al. 2006), a synonym of the earlier name, P, tristis Fisch., which
is the correct name and currently accepted (Skvortsov 2010; Belyaeva et al. 2020;
POWO 2023) and should be used in scientific papers instead of the redundant P
trichocarpa. With the continuous development of sequencing technology, whole
genome sequence data have been increasingly published and whole-genome
resequencing technology could provide sufficient single nucleotide polymorphism
(SNP) to deal with taxonomic problems (Hirota et al. 2022). With unique superi-
ority, whole-genome resequencing has also been widely used in phylogenetic and
evolutionary studies of Populus (Wang et al. 2020; Liu et al. 2022; Wang et al.
2022), especially in detecting hybrids and exploring reticulate evolution.

Populus gonggaensis N. Chao & J.R. He has been described, based on speci-
mens collected from the eastern margin of the Tibetan Plateau (Chao 1991). Sev-
eral natural Populus species are sympatric in the vicinity of where P gonggaensis
was found, including two species from sect. Leucoides, i.e. P. lasiocarpa Oliv. and
P. glauca Haines [= P. wilsonii C.K. Schneid. (Skvortsov 2008; Shang 2017)] and a
number of species from sect. Tacamahaca, i.e. P. cathayana Rehder, P, trinervis Z.
Wang & S.L. Tung, P szechuanica C.K. Schneid., P. rockii (Rehder) H.L. Yang and
P, xiangchengensis Z. Wang & S.L. Tun (Fang 1985; Fang et al. 1999).

With lobed flower disc, P gonggaensis was thought to be a close relative
of P, lasiocarpa or P. glauca and placed in sect. Leucoides. However, hairs on
the surface of the abaxial leaf veins and branchlets are relatively short and
procumbent, which differ from the long and twisted hairs of P. lasiocarpa and
P glauca. However, P gonggaensis shows similarity in these characters with
species of the sect. Tacamahaca.
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Shang (2017) argued that P gonggaensis should be treated as an ambiguous
species, which needs further research, due to the fact that no wild individuals
have been seen since the collection of the type specimen. The follow-up phy-
logenetic studies on Populus species have not taken P. gonggaensis into con-
sideration (Wang et al. 2020, 2022). Unfortunately, no more specimens, which
conform to the description in the original paper of P gonggaensis or are similar
to the type specimen, have been found either in the herbaria collections or digital
collections available. Due to the large-scale development of industry in modern
China, the locality where the type specimen was collected, has been turned into
a newly-built area of Kangding. We also have not found plants that could be iden-
tified as P. gonggaensis in our recent fieldwork. Thus, it is important to conduct
systematic research on P. gonggaensis, which can also provide phylogenetic
evidence for species definition and taxonomic revision of Populus in the future.

Materials and methods
Sample collection and sequencing

A total of 57 samples represent 22 species including three species from sect. Leu-
coides and almost all species of subg. Tacamahaca distributed in China (Table 1).
Only taxa of the subg. Tacamahaca occurring in the P gonggaensis area were in-
cluded in the study, excluded taxa being summarised in Suppl. material 1. The sam-
ples of P gonggaensis were obtained from one of the syntypes stored at the Herbar-
ium of Sichuan Academy of Forestry (SCFI, and all herbarium codes follow Thiers
(2024)). For other taxa, fresh leaves were collected from adult trees and dried in
silica gel. Voucher specimens were deposited at the Herbarium of Beijing Forest-
ry University (BJFC). Previous whole-genome resequencing was also downloaded
from the National Center for Biotechnology Information (NCBI) database and the
BIG Data Center, Beijing Institute of Genomics (BIG), Chinese Academy of Sciences.

We used the CTAB method with minor modifications to extract the whole-ge-
nomic DNA from leaf samples (Doyle and Doyle 1987). All DNA samples were
shipped to BerryGenomics (China) for subsequent sequencing. Whole-genome
paired-ends reads with a target coverage of 10x were generated using lllumina
NovaSeq 6000 platform (lllumina, San Diego, CA, United States).

Read mapping and SNP calling

Nuclear variants were discovered with BWA, SAM tools and GATK tools. First,
the resequencing data for each sample was mapped to the reference genome
of P, trichocarpa (Tuskan et al. 2006) using the default parameters of BWA-MEM
v.0.7.17-r1188 (Li and Durbin 2009). Then, the mapped reads were converted
to BAM files and sorted and filtered using the SAMtools package v.1.6 (Li et
al. 2009). PCR duplications were marked using the Picard tool v.2.1.1. We used
GATK v.4.1.4 (McKenna et al. 2010) with HaplotypeCaller to call a single sample
of short variants and GATK with CombineGVCFs to combine all samples of short
variants. SNPs were called using the SelectVariants tool implemented in GATK.
Filters implemented in GATK were applied to the SNPs with the parameters as
“QD<10.0]|FS>60.0|MQ <40.0|| SOR > 3.0 || MQRankSum <-12.5 || ReadPos-
RankSum <-8.0" (Danecek et al. 2011). Next, the depth of each SNP was counted
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Table 1. Summary of the statistics of genome resequencing data for 57 individuals of 22 species and one outgroup.

Species Individual Location BioSample ID Vouchers Barcodes or sources
Populus Populus gonggaensis Kangding, Sichuan, China SAMN33060399 | No.4207, Jiaren -
gonggaensis He et Neng Z
Populus Populus heterophylla_1* lllinois, USA SAMN17141192 - Wang et al. (2022) / NCBI
heterophylla Populus heterophylla_2 South Carolina, USA SAMN33178951 - -

Populus heterophylla_3* New York, USA SAMN17141193 - Wang et al. 2022 / NCBI
Populus heterophylla_4 Tennessee, Montgomery, USA SAMN33178952 - -
Populus glauca Populus glauca_1* Yadong, Xizang, China SAMN17141151 - Wang et al. 2022 / NCBI
Populus glauca_2* Ankang, Shaanxi, China SAMN17141152 - Wang et al. 2022 / NCBI
Populus glauca_3 Weixi, Yunnan, China SAMN33178953 - -
Populus rockii Populus rockii_1* Foping, Shaanxi, China SAMN17141156 - Wang et al. 2022 / NCBI
Populus rockii_2* Wenxian, Gansu, China SAMN17141184 - Wang et al. 2022 / NCBI
Populus rockii_3* Zhen‘an, Shaanxi, China SAMN17141174 - Wang et al. 2022 / NCBI
Populus rockii_5* Zhong-Tiao Mountains, Shanxi, China | SAMN17141129 - Wang et al. 2022 / NCBI
Populus Populus szechuanica 1* Yunnan, China SAMN17141140 Wang et al. 2020 / NCBI
szechuanica Populus szechuanica_2* Dali, Yunnan, China SAMN17141153 - Wang et al. 2022 / NCBI
Populus szechuanica_3* Ebian, Sichuan, China SAMN17141130 - Wang et al. 2022 / NCBI
Populus haoana Populus haoana_1* Yunnan, China SAMN17141167 - Wang et al. 2022 / NCBI
Populus haoana_2* Yunnan, China SAMN17141185 - Wang et al. 2022 / NCBI
Populus haoana_3 Gongshan, Yunnan, China SAMN33178949 - -
Populus laurifolia | Populus laurifolia_1* Xinjiang, China SAMN17141138 - Wang et al. 2022 / NCBI
Populus laurifolia_2* Xinjiang, China SAMN17141118 - Wang et al. 2022 / NCBI
Populus laurifolia_3* Khunjerab National Park, Pakistan | SAMN17141139 - Wang et al. 2022 / NCBI
Populus laurifolia_4* Aketao, Xingjiang, China SAMN17141159 - Wang et al. 2022 / NCBI
Populus cathayana | Populus cathayana_1* Shannxi, China SAMN17141127 - Wang et al. 2022 / NCBI
Populus cathayana_2* Hebei, China SAMN17141163 - Wang et al. 2022 / NCBI
Populus cathayana_3* Sichuan, China SAMN17141172 - Wang et al. 2022 / NCBI
Populus cathayana_4 Kangding, Sichuan, China SAMN33060396 | 1-3103, Ce Shang BJFC00112807
Populus koreana | Populus koreana_1* Jilin, China SAMN17141148 - Wang et al. 2022 / NCBI
Populus koreana_2* Heilongjiang, China SAMN17141149 - Wang et al. 2022 / NCBI
Populus koreana_3* Chifeng, Nei Mongol, China SAMN17141162 - Wang et al. 2022 / NCBI
Populus Populus pseudoglauca_1* Mainling, Xizang, China SAMN17141168 - Wang et al. 2022 / NCBI
pseudoglauca Populus pseudoglauca_2* Mainling, Xizang, China SAMN17141136 - Wang et al. 2022 / NCBI
Populus ciliata Populus ciliata* Mainling, Xizang, China SAMN17141175 - Wang et al. 2022 / NCBI
Populus Populus xiangchengensis_1* Kangding, Sichuan, China SAMN17141168 - Wang et al. 2022 / NCBI
xiangchengensis Populus xiangchengensis_2* Markam, Xizang, China SAMN17141136 - Wang et al. 2022 / NCBI
Populus xiangchengensis_3* Xiangcheng, Sichuan, China SAMN17141128 - Wang et al. 2022 / NCBI
Populus xiangchengensis_4* Gongshan, Yunnan, China SAMN17141166 - Wang et al. 2022 / NCBI
Populus xiangchengensis_5 Kangding, Sichuan, China SAMN33178950 - -
Populus afghanica | Populus afghanica* Xinjiang, China SAMN17141165 - Wang et al. 2022 / NCBI
Populus iliensis Populus iliensis* Xinjiang, China SAMN17141158 - Wang et al. 2022 / NCBI
Populus Populus kangdingensis* Sichuan, China SAMN17141132 - Wang et al. 2022 / NCBI
kangdingensis
Populus lasiocarpa | Populus lasiocarpa_1* Sichuan, China SAMN17141164 - Wang et al. 2022 / NCBI
Populus lasiocarpa_2* Hubei, China SAMN17141170 - Wang et al. 2022 / NCBI
Populus lasiocarpa_3* - SAMC065352 - Wang et al. 2020 / GSA
Populus lasiocarpa_4* - SAMC065353 - Wang et al. 2020 / GSA
Populus lasiocarpa_5* - SAMC065354 - Wang et al. 2020 / GSA
Populus nigra Populus nigra_1* Shannxi, China SAMN17141114 - Wang et al. 2022 / NCBI
Populus nigra_2* Xinjiang, China SAMN17141142 - Wang et al. 2022 / NCBI
Populus Populus gamdoensis* Qamdo, Xizang, China SAMN17141117 - Wang et al. 2022 / NCBI
gamdoensis
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Species

Populus simonii

Populus trinervis

Populus
yunnanensis

Populus
euphratica

Individual
Populus simonii_1*
Populus simonii_2*
Populus trinervis_3*
Populus trinervis_4*
Populus trinervis_1

Populus trinervis_2

Populus yunnanensis_1*

Populus yunnanensis_2*

Populus euphratica*

Location BioSample ID Vouchers Barcodes or sources
Taibai, Shaanxi, China SAMN17141123 Wang et al. 2022 / NCBI
Aba, Sichuan, China SAMN17141124 Wang et al. 2022 / NCBI
Wenxian, Gansu, China SAMN17141125 Wang et al. 2022 / NCBI
Wuwei, Gansu, China SAMN17141126 Wang et al. 2022 / NCBI
Kangding, Sichuan, China SAMN33060397 | I-3107, Ce Shang BJFC00112810
Kangding, Sichuan, China SAMN33060398 | I-3114, Ce Shang BJFC00112809
Lijiang, Yunnan, China SAMN17141154 Wang et al. 2022 / NCBI
Kunming, Yunnan, China SAMN17141169 Wang et al. 2022 / NCBI
Qinghai, China SAMN17141146 Wang et al. 2020 / NCBI

Note: The individuals for which genome sequences were downloaded from the Genome Sequence Archive (GSA) are marked by asterisks, while those
downloaded from the NCBI are marked by the hash (#) sign and the rest are data from these two papers (Wang et al. 2020, 2022). Samples without symbol

markings are from new data in this study.
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and the average depth was calculated. Finally, using GATK, the SNP dataset was
generated by filtering by depth the minor allele frequencies. Finally, the “-st” com-
mand was used to specify the model when the data used were for DNA.

Phylogenetic analyses

Python v.2.7.5 was used to convert SNPs into phylip format and 1Q-tree v.2.0.3
to analyse the dataset (Felsenstein 1993; Nguyen et al. 2015). We used “-alrt” to
specify that the number of repetitions of SH-aLRT branch test was 1000 (Guin-
don et al. 2010). A Maximum Likelihood (ML) phylogenetic tree was constructed
by IQ-tree under the most appropriate model selected by ModelFinder (Kalyaana-
moorthy et al. 2017). Populus euphratica was selected as the outgroup.

PCA and ADMIXTURE analysis

PLINK v.1.9.0 (Purcell et al. 2007) was used for LD-based SNP filtering. A princi-
pal component analysis (PCA) of screened species of Populus was performed
with PLINK, based on whole genome SNPs and graphs were built using the
‘ggplot2’ package (Wickham 2016) in R. ADMIXTURE software (Alexander et
al. 2009) was used for Maximum Likelihood estimation of individual ancestors
from multi-locus SNP genotype datasets. Moreover, admixture uses a fast nu-
merical optimisation algorithm that allows for faster calculation of estimates.
Then, we used ADMIXTURE v.1.3.0 to study the population structure of some
individuals and the number of clusters (K) was set from 1 to 10. Finally, the
optimal K value was selected by cross-validation. The cross-validation used by
ADMIXTURE is to divide the genotype data into several parts, use one part as
the test set and the rest as the training set and then calculate the log-likelihood
value. The times of cross-validation can be specified by the -cv=n parameter,
where n is the number of splits. ADMIXTURE will output the cross-validation
error (CV error). The K value is the most appropriate (most ideal species and
population number) when the cross-validation error value is at its lowest.

ABBA-BABA statistics

To detect gene flow from other species into P gonggaensis, we performed AB-
BA-BABA statistics to calculate gene flow from potential parents. ABBA-BABA
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Statistics (also known as D-statistics) provided a model to calculate deviations
from a strictly bifurcated evolutionary history using genome-scale SNP data, in
order to test for gene penetrance (Martin et al. 2015; Malinsky et al. 2021). Briefly,
the relationship amongst three populations and an outgroup was assumed to be
(((P,, P,), P,), 0) and this model could test whether there was an excess of shared
variation between P, and P, compared to that between P, and P, (Durand et al.
2011). The D-value was the ratio of the difference in the number of ABBA sites
and BABA sites to the sum of the two types of sites. The larger the value of D, the
stronger the degree of gene flow from P, to P,. If the absolute value of the Z-score
was higher than 3, it would be considered statistically significant (Busing et al.
1999). D software was used for gene flow analysis. The vcf file containing the SNP
dataset was imported, a directory was created and the outgroup was specified.

Results
Sequence data processing

We collected and performed whole genome resequencing for nine individuals
sampled from P. heterophylla, P glauca and P haoana, with an average depth of
10x for each individual. In total, 735.14 GB of clean data of 57 individuals were ob-
tained for single nucleotide polymorphism (SNP) calling. Clean data were mapped
against the P trichocarpa reference genome and strict analyses, 4,790,248
high-quality SNPs were obtained. The total SNP dataset was used for all analyses.

Phylogeny based on SNP

The ML tree was built using the total SNP dataset obtained, with P. euphratica set
as the outgroup and the other 21 species clustered into three clades (Fig. 1A).
Two sect. Leucoides species, P. heterophylla Du Roi and P. glauca Haines were
firstly divergent. The second clade included some species of the sect. Tacama-
haca and sect. Aigeiros, i.e. P. trinervis, P kangdingensis Z. Wang & S.L. Tung,
P. gamdoensis Z. Wang & S.L. Tung, P yunnanensis Dode, P. simonii Carriére, P
iliensis Drobow (= P usbekistanica Kom.), P. nigra L. and P. afghanica (Aitch. &
Hemsl.) C.K. Schneid. (= P, nigra). Populus gonggaensis and P. lasiocarpa (sect.
Leucoides) formed a monophyletic clade, which was sister of other species of
sect. Tacamahaca represented by P. cathayana and P. szechuanica. The boot-
strap values of all the interspecies nodes in this tree were extremely high.

PCA analysis

To facilitate the observation of the results, the data of the outgroup (P euphra-
tica) were removed from the SNP dataset for PCA analysis. Individuals of sect.
Tacamahaca were clustered together (upper left corner of the Fig. 2A), while
individuals of sect. Leucoides were clustered in the lower right corner of the
Figure (P. heterophylla is the North American-distributed species, which is the
right-most off-centre point in Fig. 2A). P gonggaensis was located between
the two sections. Combining the ML tree and the result of PCA analysis that
involved species that occur in the area within or around the type locality of
P. gonggaensis, we selected the 12 species closest to P gonggaensis in each of
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Figure 1. A ML tree of 57 samples of the genus Populus reconstructed by IQ-TREE, based on 4,790,248 high-quality SNPs
with an outgroup of P. euphratica B ML tree of 56 samples (P gonggaensis is deleted) of the genus Populus reconstructed
by IQ-TREE, based on 4,790,248 high-quality SNPs with an outgroup of P euphratica.

the two sections in the PCA, which include P. glauca, P. cathayana, P. koreana,
P lasiocarpa, P. rockii, P. laurifolia, P. ciliata, P pseudoglauca, P. szechuanica,
P haoana and P. xiangchengensis. Species of sect. Tacamahaca still gathered,
but P, lasiocarpa became separated from P, glauca (Fig. 2B). Fig. 2C was plotted
by adding PC3 (Z-axis) to Fig. 2B. Individuals in the blue circles include all sam-
ples from P. cathayana, and P. koreana, while samples in the red circles were P
lasiocarpa. P gonggaensis is located between P, lasiocarpa and several species
of sect. Tacamahaca (P. cathayana and P. koreana)

ADMIXTURE analysis

The SNP dataset for admixture analysis covered 38 individuals of 12 species,
amongst which 37 samples were the same as the 37 samples in PCA (Fig. 2B).
Besides, P. euphratica was added as the outgroup to facilitate the calculation
and accuracy for the visualisation of the dataset. The population structure was
analysed using K values from 1 to 15 and the optimal K value was calculated
as 9 (Fig. 3B). Each of the two assumed parents, P. lasiocarpa and P. cathaya-
na, was recognised as an independent species separated from other samples
(Fig. 3B). Additionally, P gonggaensis was an admixture of these two species.

ABBA-BABA statistics

SNP datasets of 12 species were used for Dsuite calculations. Using P. euphra-
tica as the outgroup, the gene flow was calculated for all trios and two result
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Figure 2. Principal Component Analysis (PCA), based on genetic distance using SNPs data A all 57 samples representing
22 species B 37 samples representing 12 species, including Populus gonggaensis and its most closely-related species
C plotted by adding PC3 (Z-axis) to B. Points inside red circle represents P. lasiocarpa, while those inside blue circle rep-
resent P. cathayana and P. koreana.

files (BBAA.txt and Dmin.txt) were generated, reacting to the introgression be-
tween P2 and P3 for each trio and containing all combinations with positive
D-values after random operations, with the same P2-P3 species correspond-
ing to different D-values depending on the P1 species. The results are shown
in Fig. 3A. When P gonggaensis is selected as P3 and the D value is positive,
there are a total of 36 combination forms. Amongst the combinations that
satisfy the condition, the species that could be located at P2 are P. cathayana,
P. koreana, P. lasiocarpa, P. ciliata, P. rockii, P. pseudoglauca, P. szechuanica and
P. xiangchengensis. The formula is used to calculate the results of all nega-
tive D-values associated with these eight species and the final data of total
D-values are presented in the heat map in Fig. 3A. Populus cathayana has the
highest D-value amongst all species and when it is P2, all the eight values are
positive (Fig. 3A). This means that P cathayana provides more genetic swaps
with P gonggaensis than any other species. Hence, the largest proportion of
gene flow in P gonggaensis is from P. cathayana. When P. lasiocarpa is P2,
the ratio of gene flow to P gonggaensis is only lower than that caused by P
cathayana and all other D-values are positive (Fig. 3A). Thus, P. cathayana and
P. lasiocarpa are the species that swap the most genes with P. gonggaensis.
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Figure 3. Hybrid introgression analysis using SNP matrix of Populus species A the results of ABBA-BABA statistics which
measured gene flow amongst 12 species when P3 = P. gonggaensis. When D > 0 and the D value is further away from 0,
it indicates that a gene swap or hybridisation event is more likely to have occurred, which means the genes of P3 is more
likely to swap with those of P1 or P2 B population structure analysis for 12 species of Populus (K = 9). Each coloured
bar represents one individual and coloured segments represent proportions of ancestral components. The number of
individuals and species names for each lineage are shown at the bottom.

Taxonomic treatment

Populus x gonggaensis N. Chao & J.R. He in Sichuan Forest. Sci. Techn.
12(3): 1, f. 1. 1991.

= Populus cathayana Rehder x Populus lasiocarpa Oliv.

Type. CHINA, Sichuan, Kangding County, Simagiao, 2700 m elev., 27 May 1991,
Neng Chao & Jiaren He 4207 (Lectotype in SCFI!, designated here; isolecto-
types in SCFI!).
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There were four specimens of ‘Neng Chao & Jiaren He 4207’ found in SCFI
and all of them were labelled as ‘TYPUS'. According to Art. 9.6 of ICN (Turland et
al. 2018), the four specimens should be syntypes (Suppl. material 3). Hence, we
designated the best-preserved one as the lectotype of P x gonggaensis (Fig. 5).

Discussion

When published, P gonggaensis was considered as a species that belongs to
sect. Leucoides, according to morphological characteristics, such as deep-
ly-lobed discs, tomentose leaves and pubescent capsules (Chao 1991). We
observed the type specimens and found P. gonggaensis shows similarities in
both P. cathayana and P. lasiocarpa. For example, the persistent floral discs on
the fruit of P gonggaensis are parted, which is similar to those of P, lasiocarpa.
On the other hand, the leaves of P gonggaensis are abaxially glabrous, which is
similar to those of P. cathayana. Additionally, the morphology of P gonggaensis
is partly intermediate between that of its parents (Table 2, Fig. 4). Apart from
the type specimens, not a single specimen could be indubitably identified as
P gonggaensis, based on morphological features. During the field survey, we
did not find an individual which is consistent with the original description and
protologue. The type of P gonggaensis was collected from Simagiao, which has
now become an urban built-up area of Kangding City. P. cathayana has a wide
distribution in the area and constitutes a sympatric species with P. gonggaensis.

According to the phylogenetic tree, P gonggaensis is clustered with P, lasio-
carpa with high support, which suggested a close relationship between them.
However, the topology differed significantly from another phylogenetic research
on the genus Populus (Wang et al. 2022). Whether species of sect. Leucoides
formed a monophyletic clade, P. lasiocarpa, P. glauca and P. heterophylla are
always basal taxa of subg. Tacamahaca (= subg. Eupopulus, nom. inval.; Wang
et al. (2020); Wang et al. (2022)). In this study, P gonggaensis and P. lasiocarpa
are clustered in the clade which is composed of sect. Tacamahaca and sect.
Aigeiros, but set apart from P. heterophylla and P. glauca of sect. Leucoides. The
introduction of hybrid individuals will alter the topology of the phylogenetic tree
(Debray et al. 2022). Almost all the species have been analysed in earlier phy-
logenetic research (Wang et al. 2020, 2022), except for P gonggaensis. Thus,
when we removed P. gonggaensis data from the SNP matrix and reconstructed
the ML tree, the topology was totally different (Fig. 1B). Simultaneously, we

Table 2. Morphological comparison of Populus gonggaensis with P. cathayana and P. lasiocarpa.

Traits
Petiole

Leaf
blade

Male
flower

Female
flower

Capsule

P. gonggaensis P. cathayana P, lasiocarpa
Pubescent. Pilose. Glabrous.
Ovate; adaxially glabrous; abaxially glabrous Ovate, elliptic-ovate, elliptic or narrowly Ovate; adaxially glabrous; abaxially
when young; base subcordate; apex ovate; adaxially glabrous; abaxially glabrous; | tomentose when young, and then tomentose
acuminate. base rounded or subcordate; apex acuminate along veins; base deeply cordate; apex
or mucronate. acuminate.
- Floral disc entire. Floral disc parted.
Floral disc parted, ovary partly pannose. Floral disc entire; ovary glabrous. Floral disc parted; ovary pannose.
Ovoid, pilose, 3-valved; pedicels T mm long, Floral disc persistent, pericarp glabrous. Floral disc deciduous, pericarp tomentose.
glabrous.
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Figure 4. Morphological comparison of Populus gonggaensis with P. cathayana and P. lasiocarpa A male flower of P. ca-
thayana (floral disc entire) B female flower of P. cathayana (floral disc entire, ovary glabrous) C male flower of P. lasiocar-
pa (floral disc parted) D female flower of P, lasiocarpa (floral disc parted, ovary pannose) E capsule of P. cathayana (floral
disc persistent, pericarp glabrous) F capsule of P. lasiocarpa (floral disc deciduous, pericarp tomentose) G female flower
of P. gonggaensis (floral disc parted, ovary partly pannose) H fruiting branch of P. cathayana (leaf abaxially glabrous, base
rounded or subcordate) | leaf of P. lasiocarpa (base deeply cordate) J young leaf of P. lasiocarpa (abaxially tomentose)
K young leaf of P gonggaensis (abaxially glabrous, base subcordate).
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Figure 5. Lectotype of Populus gonggaensis N. Chao & J.R. He.
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have reconstructed a species tree, which also solved this problem (Suppl. ma-
terial 2). Populus lasiocarpa no longer clustered with the branches of sect. Tac-
amahaca and sect. Aigeiros, but clustered with P heterophylla as a monophyly
and all species of sect. Leucoides, located at the base of the tree. The PCA
analysis showed that P. gonggaensis may be an intersectional hybrid and one
of the parents could be P, lasiocarpa.

Results of ABBA-BABA analysis show that, when P, lasiocarpa is P2, the D
value is < 0 only compared with P. cathayana, so it is more possible that P, [asio-
carpa is the other parent rather than the remaining Populus species. In Fig. 3,
when P. koreana is P2, the D values of P. koreana and P. lasiocarpa seem to
be close; but when compared with P. lasiocarpa, the D value of P. koreana is
smaller than that of P. lasiocarpa. Thus, the probability that P koreana is the
other parent is lower than that for P. lasiocarpa. There were two other reasons
that can also rule out the possibility of P koreana being a parent: firstly, P. kore-
ana is distributed in north-eastern China and there is a very large geographical
distance from where P. gonggaensis is distributed, which means there is no
distribution overlap between P. koreana and P. gonggaensis (we speculate that
the high contribution of P. koreana is due to the fact that it has a large portion of
the gene flow of P. cathayana and that they may constitute a complex as found
in previous phylogenetic studies); second, what we can find in Fig. 3A is that
when P. cathayana is P2, the smallest D value occurs when P, lasiocarpa is P1,
while the D value of P. cathayana is still considerable when P. koreana is P1 and
P. cathayana is P2. Therefore, we believe that the D value is close to 0 when P1
and P2 were the two parents of P3, because gene flows occur between P. gong-
gaensis as P3 and both parents. These results suggest that P. cathayana and
P, lasiocarpa are two potential parents for P gonggaensis.

Our PCA study showed that P gonggaensis may be an intersectional hybrid
and one of the parents is P, lasiocarpa of sect. Leucoides, while the contribution
of gene flow from P. koreana to P gonggaensis is much lower, so the possibility
of its being another parent is excluded. Finally, the ADMIXTURE result indicated
that P gonggaensis contains nearly equal components of both species, namely
P. cathayana and P, lasiocarpa (Fig. 3B).

In conclusion, multiple methods provided evidence for a supposition that
P. gonggaensis is a spontaneous hybrid between P, lasiocarpa and P. cathayana.
During our field investigation, not a single individual matching the type speci-
mens was discovered. In addition, P gonggaensis is not a taxon, but a solitary
hybrid individual, probably F1, which no longer occurs in the area from which it
was described.
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