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Abstract 

 Quercus marlipoensis (Sect. Ilex), endemic to Malipo County in southeastern 

Yunnan, is critically endangered (CR) with an extremely small population. However, 

little was known on its key physiological characteristics. Meanwhile, its taxonomic 

ambiguity within the Quercus engleriana complex has hindered conservation efforts. 

In this study, we comprehensively survey the population and habitat and observed the 

phenology of Q. marlipoensis. The seed germination characterisitcs and pollen 

preservation condition were examinated. We also empolyed the whole-genome 

resequencing methods to reconstruction a robust phylogenetic tree on the Q. 

engleriana complex and analyzed the morphological variations of the species in this 

complex.  

Field surveys discoveried only 64 mature trees and 4 seedlings of Q. marlipoensis. 

The species is confined to mid-mountain limestone shrublands with poor soil water 

retention. Remarkably, Q. marlipoensis exhibits a pronounced mast-seeding 

phenomenon. Over four years of observation, only one mast year was recorded (2022), 

during which one-third of the mature trees produced seeds. In contrast, 2023 and 2024 

were consecutive low-seed years, with almost no seed production. 

The seeds of Q. marlipoensis are predominantly viable when mature and exhibit 

recalcitrant behavior with epicotyl dormancy. Germination rates are highest at lower 

temperatures and are highly sensitive to precipitation levels. Seeds demonstrate 

medium to high tolerance to animal predation. Global climate change, including 

increasing extreme drought events in the Indochina region and poor soil water retention 

in limestone areas, has likely contributed to the exceptionally low seedling 

establishment rate and difficulties in community regeneration. Human-aided 

propagation and introduction into more humid and suitable habitats are essential for the 

long-term survival of Q. marlipoensis in the wild.  

The bud burst of Q. marlipoensis occurs in late March, with catkin and pistillate 

flower blooming peaking in Late-April. Pollen activity gradually declines during 

storage, with the highest viability achieved at 15% relative humidity. Storage at –80°C 
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and –20°C maintains significantly higher pollen viability compared to storage at 4°C or 

20°C. Ultra-low-temperature pollen preservation provides an efficient and 

cost-effective ex situ method for conserving Q. marlipoensis germplasm. 

In this study, we sampled all five species of the Q. engleriana complex (Q. 

engleriana, Q. marlipoensis, Q. tatakaensis, Q. kongshanensis, and Q. tungmaiensis) 

and applied whole-genome resequencing and geometric morphometric analyses to infer 

phylogenetic relationships and morphological divergence. Additionally, we conducted 

a two-year field survey to monitor Q. marlipoensis populations, propagated seedlings, 

and tested the germination and storage traits of its seeds and pollen. 

Our phylogenetic reconstruction revealed two distinct lineages within the Q. 

engleriana complex: The Q. engleriana lineage (Q. marlipoensis, Q. tatakaensis, and 

Q. engleriana) and the Q. tungmaiensis lineage (Q. kongshanensis and Q. 

tungmaiensis). Within the Q. tungmaiensis lineage, Q. kongshanensis and Q. 

tungmaiensis failed to form monophyletic clades, exhibiting overlapping 

morphological traits. The Q. engleriana lineage showed four subclades corresponding 

to distinct geographic regions (southernmost, southwest, central, and southeast), with Q. 

marlipoensis forming an early-derived clade in the southernmost region and Q. 

tatakaensis aligning with the southeastern clade. Based on these findings, we propose 

reducing Q. kongshanensis to a synonym of Q. tungmaiensis, treating Q. marlipoensis 

as a subspecies of Q. engleriana (Q. engleriana subsp. marlipoensis), and 

synonymizing Q. tatakaensis with Q. engleriana. Considering the rarity and 

evolutionary significance of Q. marlipoensis, priority conservation are urgently 

needed.  

This study has yielded promising results. Propagated seedlings of Q. marlipoensis 

have been distributed to three research institutions for cultivation and preservation. 

Additionally, 100 seedlings have been reintroduced to Orchid Conservation Station of 

Yunnan University at Malipo county. Ongoing monitoring of habitat conditions, 

phenology, and seedling growth will continue to support the conservation of this 

species. 
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Executive Summary 
Overall, this project has successfully achieved its predetermined objectives. 

 Population Status and Habitat Survey: 

From 2023 to 2024, the team conducted 8 surveys on the only known type 

locality of the wild population of Quercus marlipoensis in Marlipo. A total of 64 

mature trees and only 4 saplings were found. The habitat is primarily mid-mountain 

limestone shrubland, with Fagaceae and Magnoliaceae as the dominant canopy 

species. The trees of Q. marlipoensis are scattered on the sunny slopes of limestone 

mountains.  

Over four years of observation, only one mast year was recorded (2022), during 

which one-third of the mature trees produced seeds. In contrast, 2021, 2023 and 2024 

were consecutive low-seed years, with almost no seed production in the population. 
 Seed and pollen germination and storage characteristics 

During the project, we collected a large number of seeds and conducted 

germination characteristic tests. The results indicated that the seeds of Q. 

marlipoensis are typical recalcitrant seeds with dormant epicotyl traits. The seeds can 

withstand medium to high levels of animal predation and can survive at lower 

germination temperatures with a relatively high germination rate but are highly 

sensitive to humidity. 

In addition to better preserve the germplasm of Q. marlipoensis, we collected 

pollen for pollen viability testing and temperature storage experiments. The results 

showed that relative humidity value of Q. marlipoensis pollen is 68.89%, with an 

initial viability of 67.62%, not significantly different from other species in the genus; 

with prolonged storage, pollen viability steadily decreases under all treatments, 

significantly lower at 75% RH compared to other dry gradients; pollen viability at 

-80°C and -20°C is significantly higher than at 4°C and 20°C. 

 Ex situ and re-introduction of Quercus marlipoensis 

About 400 seedlings were cultivated. The more ca. 200 seedling were distributed 
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to the Kunming Institute of Botany, Xi-Shuang-Ban-Na Tropical Botanical Garden, 

CAS (XTBG), and the Yunnan Provincial Forestry Academy for ex-situ conservation 

druing from 2022 to 2024. Another 100 seedlings were recontributed back to the 

nature habitat in Marlipo County. This part of the experiment has been entrusted to the 

staff at the Marlipo Workstation of Yunnan University for plot monitoring and 

long-term observation of other mature trees. 

 Phylogenetic position of Quercus marlipoensis and other close related species 

in the Quercus engleriana complex 

In order to clarify the taxonomous ambiguous over the name Q. marlipoensis, we 

collected the population samples of Q. marlipoensis and other species in Q. 

engleriana complex, inlcuding Q. engleriana, Q. tungmaiensis, Q. kongshanensis, and 

Q. tatakaensis in 2023 and 2024. We used the whole-genome resequencing methods 

to infer the phylogenetic position of Q. marlipoensis in the species complex, and 

clarify the other taxonomy confusions over Q. kongshanensis and Q. tatakaensis. 

CVA analysis using symmetric components of the morphological characteristics 

differentiated Q. marlipoensis and Q. tungmaiensis from the other two species, while 

using asymmetric components only separated the leaf shapes of Q. kongshanensis and 

Q. tungmaiensis. The phylogenetic analyses on the Q. engleriana complex, revealing 

two distinct lineages within the species complex corresponding to Q. tungmainensis 

vs. Q. engleriana. Four main clades were detected in Q. engleriana lineage, of which 

Q. marlipoensis is an early derived, but very similar genetic composition to the SW 

clade of Q. engleriana. Q. tatakaensis is clustered in to the SE clade, but 

morphological characteristics are overlapped. Therefore, we proposed a series of 

taxonomical treatment over the Q. engleriana complex: Q. kongshanensis and Q. 

tatakaensis are synomyns to Q. tungmainensis and Q. engleriana, respectively. The 

results of this section results are in preparing to submit to a peer-reviewed scientific 

journal recently.  

 Overall, the scheduled tasks for this project have been successfully completed. 

Seed germination characteristics of Q. marlipoensis had been published on a scientific 

research journal. The taxonomy confusion over the Q. engleriana complex is clarified, 
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including two Data Defficient (DD) Chinese oaks. We also optimized the long-term 

pollen storage protocols for Q. marlipoensis. A series data is in preparation and will 

be submitted recently. Seven under graduate students, 3 master student participate, 

and one Ph.D student participate the project; 12 local forestry rangers and villagers 

were trained to minitor the phenology, habitat of Q. marlipoensis.  

 

1. Introduction  

Quercus marlipoensis (section Ilex) is a critically endangered oak species endemic 

to the tropical montane cloud forests (TMCFs) of southwest China , with only a single 

population ever recorded (Carrero and Strijk 2020; Sun 2021). Our field surveys have 

revealed pronounced regeneration difficulties, with young trees and seedlings being 

exceedingly rare. These findings underscore the urgent need for artificial propagation 

and ex situ conservation to safeguard the genetic resources of this endangered oak. 

A key barrier to effective conservation is the lack of detailed knowledge about the 

physiological characteristics of Q. marlipoensis seeds. Conventional cryopreservation 

methods are difficult for oak seeds, as oak seeds are typical recalcitrant and the embryo 

axis usually cannot withstand dehydration retreatment and ultra-low temperature 

storage, therefore, the regeneration percentage is low (González-Benito and Martín 

2002). Given the challenges associated with seed storage, pollen preservation serves as 

an essential tool in managing plant genetic resources for the long-term conservation of 

haploid genetic resources to support plant breeding efforts (Ganeshan et al. 2008; 

Dinato et al. 2020), which emerges as a promising alternative. Oak pollen is abundant, 

easily collected, and amenable to ex situ storage. However, optimizing pre-storage 

treatments (such as dehydration protocols and temperature gradients) is critical to 

maximizing pollen viability during long-term preservation (Ganeshan et al. 2008; 

Dinato et al. 2020). 

Understanding the evolutionary history and physiological traits of endangered 

species is fundamental to designing effective conservation strategies (Fraser and 

Bernatchez 2001; Tracy et al. 2006; Willi et al. 2022). Oaks (Quercus spp.) present 
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unique challenges for conservation due to their high intraspecific morphological 

variation and frequent interspecies gene flow, which blur species boundaries and 

complicate taxonomy. Our previous phylogenetic analyses of section Ilex revealed that 

Q. marlipoensis, Q. engleriana, and Q. tungmaiensis form a closely related clade, 

collectively referred to as the Quercus engleriana complex (Jiang et al. 2019; Deng et 

al. 2024). These species, scattered across a wide geographic range from the southern 

Himalayas to the subtropical mid-elevation regions of East Asia, are ecologically 

significant components of TMCFs (Huang et al. 1999; Jiang et al. 2019). However, 

their overlapping morphological traits have led to significant taxonomic confusion 

(Huang et al. 1999), hindering assessments of their conservation status and the 

implementation of effective conservation measures for this unique oak lineage. 

In this study, we aim to address these challenges by conducting extensive field 

surveys of wild populations of Q. marlipoensis to collect mature acorns and pollen. 

Through detailed analyses, we will characterize seed germination requirements and 

optimize pollen preservation protocols to support ex situ conservation. Concurrently, 

we will resolve the systematic placement of Q. marlipoensis within the Quercus 

engleriana complex and clarify the taxonomic ambiguities that have long impeded 

conservation efforts. This study not only provides critical insights into the conservation 

of Q. marlipoensis but also establishes a framework for the preservation of related 

species within this complex. 

2. Methodology 

2.1 Field survey on population, habitat status and phenology 

2.2 Seed germination characteristics 

• Morphological traits of the acorn and seed 

The length (L), cupule length (CL), width (W), and seed scar diameter (CSD) of 

30 random fresh acorns were measured by vernier caliper. The morphological 

variation in acorns and the longitudinal section of the seed were captured in images 
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using a stereo-microscope (Leica S9I, Am Leitz-Park, Wetzlar, Germany).  

The acorns were divided into three batches (n = 100) to determine the fresh 

weight and then were dried at 103 ± 2°C in an oven for 17 hours to obtain the dry 

weight following a previously described protocol (International Seed Testing 

Association (ISTA) 1999). The initial moisture content of acorns was calculated as 

(fresh weight - dry weight) / fresh weight × 100% (Xia et al. 2022). 

• Seed pretreatment and germination test 

After removing the cupule, the acorns were soaked in deionized water for two 

hours. The floating acorns were discarded. The sunken acorns were selected and 

surface disinfected by soaking them in 1% sodium hypochlorite solution for 0.5 h, 

then rinsing them three times using deionized water (Tilki and Alptekin 2005) before 

the subsequent germination tests. All the treatments of three experiments were carried 

out with three replicates, and each replicate included 20 acorns. The plump acorns of 

similar size were selected and placed in covered plastic boxes, with two layers of 

filter paper on the bottom of the box as the germination substrate. Seeds germinated 

under conditions of 25°C, with 16 hours of light followed by 8 hours of darkness; 

germination humidity was near 100 percent (Peterson 1983). 

For the scarification experiment, five treatments were performed on the acorns: 

intact seeds with pericarp (CK), removal of cup scar (RS), removal of the pericarp 

(RP), cutting off 1/3 of the cotyledon (TC), and removal of the pericarp and cutting 

off 2/3 of the cotyledon (OC).  

The plump acorns of similar size were selected and placed in covered plastic 

boxes. The boxes were placed in growth chambers spanning a temperature gradient 

(5°C, 10°C, 15°C, 20°C, 25°C, and 30°C).  

To evaluate the effects of water stress on seed germination, different 

concentrations of PEG-6000 solutions with corresponding water potentials of 0, -0.2, 

-0.4, -0.6, -0.8, and -1.0 M pa (Michel and Kaufmann 1973) were added to the bottom 

of the plastic boxes along the edge of the filter paper until it was completely saturated. 

The filter papers and water/PEG solutions were replaced every other day.  
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• Calculation of seed germination indexes  

Seeds were considered germinated when the radicle emerged more than 2.0 mm 

(Xia et al. 2022). The germinated seeds were counted and removed every other day. 

The counting was ended when either all of the seeds had grown or no germination 

was observed for 30 consecutive days (International Seed Testing Association(ISTA) 

1999). 

The statistical analysis and visualization of germination data were performed 

using the ‘Germinationmetrics’ package of R version 4.1.2 (Aravind, J et al. 2019). 

The indexes for evaluating seed vigor we selected were germination percentage, the 

initial germination time, the last germination time, time for 50% of seeds to germinate 

(T_50), germination value, and germination index (Daws et al. 2008; Yan et al. 2016; 

Li et al. 2019).  

The x-intercept method was used to determine the base temperature (Tb) and base 

water potential (ψb). Germination percentage was calculated as the inverse of T50, 

and linear regressions were conducted to determination its relationship with 

temperature and water potential, respectively. The x-intercept of the linear equation 

was calculated as Tb or ψb (Arnold 1959; Giuliani et al. 2019).  

• Statistical analyses 

Analysis of variance (ANOVA) was used to assess the effects of different 

scarification methods, temperature, and water potential on seed germination. 

Germination percentages were analyzed after arcsine transformation because of the 

non-normal distribution of the data. The differences between means were tested using 

Tukey’s HSD test at a p ≤ 0.05 threshold. All statistical analyses were conducted with 

R version 4.1.2. 

2.3 Pollen Preservation 

 Pollen grain gathering 

Next, we dried the pollen at different humidity levels: 15%, 30%, 50%, and 75%. 

The dried pollen was then stored at various temperatures - 20°C, 4°C, -20°C, and even 

-80°C.  
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In April 2023, the fresh twigs with catkins of Q. marlipoensis from Wenshan, 

were collected before they bloomed. Immediately after collection, the catkins were 

transported to the laboratory. After 1 day of hydroponic culture in lab environment, 

pollen grains that naturally released was collected and stored in cryostorage vials for 

later use. 

Pollen from five mature Q. marlipoensis trees located at 23.40859°N, 

104.70901°E in Wenshan was collected. The flowering period of Q. marlipoensis is 

from April to May. On the morning of April 29, 2023, catkins of Q. marlipoensis were 

gathered. The next morning, pollen that released naturally onto sulfuric acid paper 

was collected for experiments. Before in vitro culture, a water activity meter (Retronic, 

HygroPalm AW, Germany) was used to measure the relative water content of the 

pollen. 

In these experiments, the vitality of pollen was determined using the solid 

medium method in vitro, with a medium formulated based on preliminary 

experimental results: 0.02g/L boric acid, 10g/L agar, and 100g/L sucrose. 

Under the microscope, the number of germinated Q. marlipoensis pollen grains 

(counted as germinated if the pollen tube length exceeded the diameter of the pollen 

grain) was observed and recorded. The germination rate (%) was calculated as follows: 

average number of germinated pollen per field of view divided by the average total 

number of pollen per field of view times 100%. 

 Influence of dehydration to the downstream pollen preservation 

To determine storage behavior, the relative humidity (RH) and moisture content 

of the seeds were measured immediately after collection. Moisture equilibrium was 

previously set in sealed containers at 20, 30, 50, and 75% eRH at 20 °C. Different RH 

values were obtained using LiCl solutions of various concentrations in airtight 

containers (Gold and Hay 2014). The pollen of Q. marlipoensis were placed in an 

airtight box and dried under RH conditions to equilibrate moisture. 

 Optimization of Pollen Storage Temperatures 

Firstly, the pollen was placed into 2ml cryotubes, each opened and positioned into 
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drying boxes corresponding to the four drying gradients. After reaching drying 

equilibrium, the caps of the tubes were quickly sealed. Pollen vitality was assessed 

after one day of drying. 

Four temperature gradients were established for storage: ambient room 

temperature of 20°C, refrigeration at 4°C, freezing at -20°C, and ultra-low 

temperature freezing at -80°C. Note: before placement in -80°C, the samples 

underwent flash-freezing with liquid nitrogen for one minute. 

Pollen vitality was tested at various intervals (0d, 10d, 30d, 1m, 2m, …, 6m) 

following a re-warming process. The re-warming was conducted via water-separation 

at room temperature (25°C) for 1 hour prior to vitality testing. All pollen viability 

testing was conducted on a solid medium. 

 Data Analysis 

Pollen vitality observations and photography were conducted using a Motic 

microscope. The counting function of Image J software was employed to tally the 

number of germinated and sterile pollen grains. Data were compiled using Microsoft 

Excel 2016 and analyzed for Pearson correlation and Tukey’s HSD test (p ≤ 0.05) to 

evaluate differences between means. All statistical analyses were performed using R 

version 4.1.2.3.  

2.4 Systematic placement of Quercus marlipoensis and taxonomy revision of the 

Quercus engleriana complex 

 Sampling and Survey of herbarium specimens 

Specimens were collected between 2021-2024 along all the known distribution 

range of Q. tungmainensis, Q. marlipoensis, Q. kongshanensis, Q. tatakaensis, and 

the representative distribution range of Q. engleriana. 

Totally, 68 individuals representing 24 populations of the 4 species in the Q. 

engleriana complex were collected, including 17 of QE, 1 of QM, 3 of QK and 3 of 

QT. We also included four individuals of Q. tatakaensis that introduced in Europe 

from Taiwan for analyses (Fig. 1). The detailed sampling sites information were 
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summarized in Table 1. Healthy mature leaves were collected and dried silica gel for 

DNA extraction. At least three intact, mature leaves from the voucher species were 

collected and used for morphological analyses. 

 

Fig. 1 Sampling sites of the 24 populations of the Quercus marlipoensis complex in 

this study 

 

Table 1. Collection information of the populations of the Quercus engleriana 

complex other Quercus species used for analyses in this study 

 Population ID Speceis Section Status Sampling site 

1 Qe_hn Quercus engleriana Ilex Ingroup Henan, Nanyan, Xixia county 

2 Qe_zj Q. engleriana Ilex Ingroup Zhejiang, Lishui, Bai-shan-zhu 

National Nature Reserve 

3 Qe_gx Q. engleriana Ilex Ingroup Guangxi, Guilin, Ziyuan county 

4 Qe_zt Q. engleriana Ilex Ingroup Yunnan, Zhaotong, Yiliang county 

5 Qe_sx Q. engleriana Ilex Ingroup Shanxi, An-kan, Zhengpincounty 

6 Qe_fjs Q. engleriana Ilex Ingroup Guizhou, Zhengyuan county 

7 Qe_jfs Q. engleriana Ilex Ingroup Chongqing, Nanchuan, 
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Jin-fo-shan 

8 Qe_dbs Q. engleriana Ilex Ingroup Chongqing, Chenkuo, Da-ba-shan 

9 Qe_kg Q. engleriana Ilex Ingroup Chongqing, Chenkuo, Kanggu 

10 Qe_yl Q. engleriana Ilex Ingroup Hunan, Zhuzhou, Yanlin county 

11 Qe_zjj Q. engleriana Ilex Ingroup Hunan, Zhang-jia-jie, 

Tian-Meng-shan 

12 Qe_gd Q. engleriana Ilex Ingroup Hunan, Chenzhou, Guidong 

county  

13 Qe_hf Q. engleriana Ilex Ingroup Hubei, En-shi, Hefeng county, 

Pinshan gorge 

14 Qe_tmx Q. engleriana Ilex Ingroup Hubei, Yichang, Wu-feng county, 

Hou-he, Tian-meng gorge 

15 Qe_snj Q. engleriana Ilex Ingroup Hubei, Sheng-nong-jia, 

Tian-sheng-qiao 

16 Qe_mhs Q. engleriana Ilex Ingroup Fujian, Longyan, Shanghuang, 

Mei-hua Mt.  

17 Qe_emf Q. engleriana Ilex Ingroup Fujian, Sanming, Er-mei Mt. 

Nature Reserve 

18 Qk_yaping Q. kongshanensis Ilex Ingroup Yunnan, Nujiang, Fugong county, 

Yaping village 

19 Qk_fugong Q. kongshanensis Ilex Ingroup Yunnan, Fugong county, 

Ma-lu-deng 

20 Qk_gongshan Q. kongshanensis Ilex Ingroup Yunnan, Gongshan county, 

Dulongjian village 

21 Qt_bomi Q. tungmaiensis Ilex Ingroup Tibet, Bomi county 

22 Qt_chayu Q. tungmaiensis Ilex Ingroup Tibet, Linzhi, chayu county 

23 Qt_motuo Q. tungmaiensis Ilex Ingroup Tibet, Motuo county 

24 Qu_malipo Q. utilis Ilex Ingroup Yunnan, Wenshan, Ma-li-po 

county, Huo-shao-liang-zi 
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25 Q.tatakaensis Q. tatakaensis Ilex Ingroup Taiwan  

26 Q.chungii Q. myrsinifolia Cyclobalanopsis Outgroup Guangdong, Huizhou 

27 Q.myrsinifolia Q. chungii Cyclobalanopsis Outgroup Guangdong, Huizhou 

28 Q.spinosa Q. spinosa Ilex Ingroup Shanxi, Taibai 

29 Q.senescens Q. senescens Ilex Ingroup Yunnan, Xipin county 

30 Q.cerris Q. cerris Cerris Ingroup Royal Botanic Gardens Kew, 

London 

31 Q.ilex Q. ilex Ilex Ingroup UCSB, Santa Barabara, California 

32 Q.dolicholepis Q. dolicholepis Ilex Ingroup Hebei, Wu-feng 

33 Q.baronii Q. baronii Ilex Ingroup Hubei, En-shi, Badong county 

34 Q.franchetii Q. franchetii Ilex Ingroup Yunnan, Yuexi, Yuanjiang county 

35 Q.kingiana Q. kingiana Ilex Ingroup Yunnan, Pu-er, Jingu county 

36 Q.leucotrichophora Q. leucotrichophora Ilex Ingroup Aiken, South Carolina, USA 

37 Q.setulosa Q. setulosa Ilex Ingroup Guangxi, Chongzhuo, Longzhou 

county 

 

To acquire comprehensive information of collected specimens assigned to the Q. 

engleriana complex, we carefully examinated and validate all the herbarium 

speciemens from the major hebaria worldwide, including PE, KUN, HITBC, IBSC, 

IBK, YUKU, SFC, SZ, K and A. We obtained high-resolution scanned images of 

leaves from our field collections and herbarium specimens survey yielded, which 

were used for the geometric morphometric analyses. 

 Phylogenetic tree reconstruction and species delimitation  

• Sequencing and SNP calling  

Total genomic DNA was extracted from leaf samples using the CTAB method; 

1.5 μg DNA per sample was used to prepare the libraries. These libraries were 

sequenced using the BGI Genomics T7 platform, achieving a coverage range of 8X to 

23X for all samples. 350 bp Pair-end reads were generated. We performed quality 
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control for raw resequencing data using fastp version 0.20 (Chen et al. 2018). We 

trimmed and filtered raw reads using Trimmomatic v0.39127 (Bolger et al. 2014). 

The high-quality clean reads were mapped to the Quercus robur reference 

genome(Rohlf et al. 2016) using the BWA-MEM algorithm of BWA v0.7.17 with 

default settings (Li and Durbin 2009). SAMtools v.1.9 (Danecek et al. 2021) was used 

to retain only uniquely mapped and properly paired reads and to convert the Sequence 

Alignment Map (SAM) to a Binary Alignment Map (BAM) format file. The 

SENTIEON DNAseq software package v. 202112.05 (Weber et al. 2016) was 

subsequently used to remove duplicate reads, realign indels, and call SNPs. After a 

series of rigorous filtering steps, a total of 214740000 high-quality SNPs from 86 

unrelated individuals were gained.  

• Phylogenetic reconstruction and Structure analyses 

To obtain independent SNPs, we reduced the number of SNPs by using a 7 kb 

spacing based on LD results from PopLDdecay v3.40 (Zhang et al. 2019) (Fig.S1). 

After LD filtering, 1106457 independent and neutral SNPs remained and were used 

for structure analysis. 

Genetic clustering was performed using ADMIXTURE ver.1.23 (Alexander et al. 

2009) with K values from 1 to 10, and the K with the minimum cross-validation error 

was chosen as the optimal.. All 72 unrelated individuals were assigned to a cluster 

with an ancestry index greater than 0.85. PCA was run using the PLINK v1.07 

(Purcell et al. 2007) with default settings.  

Additionally, maximum likelihood (ML) phylogenetic analyses of the datasets 

were conducted using IQ-TREE version 2.0.5 (Minh et al. 2020). The best-fit model, 

TVM+F+R5 , was automatically selected by ModelFinder (Kalyaanamoorthy et al. 

2017) to reconstruct the phylogenetic trees for the sect. Branch support was evaluated 

by 1000 bootstrap replicates.  

To reconstruct the phylogenetic relationships of the Ilex group, in addition to the 

five species sampled from the Quercus engleriana complex, we used Quercus chungii 

and Quercus myrsinifolia from Section Cyclobalanopsis to root the tree. The outgroup 
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also included Quercus cerris. Furthermore, we included Quercus utilis, which 

coexists with the studied species in Malipo County, as well as 9 other species from the 

Section Ilex, which formed the ingroup.  

Among them, the species Quercus chungii, Quercus myrsinifolia, Quercus cerris, 

Quercus spinosa, Quercus senescens, Quercus ilex, and Quercus dolicholepis were 

obtained from the NCBI dataset PRJNA773751 (Zhou et al. 2022). While Quercus 

baronii, Quercus franchetii, Quercus kingiana, Quercus leucotrichophora, and 

Quercus setulosa were sourced from our own sequencing data. 

 Geometric morphometric analyses 

• Landmark configuration 

The semi-landmark method typically selects landmark positions that are not 

evenly distributed within a sample. It is used for statistically smoothing curves and 

surfaces (Bookstein et al. 1991) and has been applied in studies of morphological 

variation in both two-dimensional contours (Bookstein 1997) and three-dimensional 

surfaces (Gunz and Mitteroecker 2013). We collected 1048 leaves from natural 

populations of five species in the summer and fall of 2021 and 2024. six leaves of 

Q.tatakaensis collected based on voucher specimens deposited in the herbaria TAI. At 

least two mature entire leaf images of each individual were collected.  

As suggested for these oak species (Li et al., 2021; Viscosi, 2015), we applied the 

semi-landmark method, where leaves shape were characterized by two landmarks (the 

basal and apex of the leaf) and two 2D-outline curves (one along the left side and one 

along the right side of the leaf, with each contour curve divided into 50 equal parts by 

distance.) (Fig. 2) ( Li et al., 2021). Cartesian x and y coordinates of the 102 

landmarks for each leaf (1054 leaves) were recorded and stored in tps file format 

using tpsUtil v. 1.81and tpsDig v. 2.32 (Rohlf 2015).  



17 
 

 
Fig. 2 Illustration of semilandmarks and outlines used to profile the leaf shape 

variation in the Quercus engleriana complex.  

• Morphological analysis of leaf variation 

Morpho J v.1.07 (Klingenberg 2011) was used to analyze the leaf morphology. 

The coordinate data were subjected to GPA Fourier transformation (Li et al., 2021), 

and the leaf morphology under the original coordinates was divided into shape and 

size (Sanfilippo et al. 2009). Firstly, outliers are tested and excluded based on how 

much each leaf deviates from the average contour (Klingenberg and Monteiro 2005). 

Second, we removed outliers that deviated sharply from the mean and created 

wireframes by drawing lines between pairs of landmarks to aid visualization. Third, 

after removing outliers, a landmark dataset of symmetric and asymmetric components 

is generated from the leaf-shape data. Finally, covariance matrices were created at the 

hierarchical level of the species for subsequent multivariate statistical analyses. 

Analysis of variance (ANOVA) was used to test for asymmetric variation in 

species and the relative amount of measurement error (Klingenberg 2003). Effect 

sizes were measured using F ratios, and the percentage of variance was explained by 

each effect. Principal component analysis (PCA) was performed on the symmetric and 

asymmetric components of all leaves to determine differences in leaf shape between 

species.  
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Canonical variable analysis (CVA) was used to detect tree-level differences 

between species. CVA can distinguish the species using ordination analysis of 

Mahalanobis distances and alignment tests, an efficient method for calculating the 

similarity of two unknown sample sets (Viscosi and Cardini 2011). Transformation 

grids and wireframe plots of significant values on the output axes were analyzed using 

thin-plate spline analysis (TPS). The overlap of the transformation grids and 

wireframe plots was used to analyze trends in leaf shape contraction or expansion.  

3. Results 

3.1 Field survey on population, habitat status and phenology of Quercus 

marlipoensis 

 Population and habitat status 

 To date, only a single population of Quercus marlipoensis has been identified. This 

population is located in Xia-Jin-Chang Village within the Lao-Jun-Shan National 

Nature Reserve (23.40859°N, 104.70901°E) in southeastern Yunnan Province, China. 

The habitat is restricted to limestone hills in mid-elevation tropical montane cloud 

forests (TMCFs) at elevations of 1700–1900 m. These forests are characterized by very 

high humidity (Fig. 3E&F). The region experiences an Indian summer monsoon 

climate, marked by warm, rainy summers and mild, dry winters. The annual maximum 

and minimum temperatures are 28.10°C and 6.50°C, respectively. The annual 

accumulated temperature above 10°C ranges from approximately 4500°C to 7500°C, 

with an average annual precipitation of 1318 mm. 

Evergreen Fagaceae species dominate the upper canopy in the habitat of Q. 

marlipoensis. Prominent genera include Lithocarpus (L. truncatus, L. amygdalifolius, L. 

hancei, L. silvicolarum, L. fenestratus, etc.), Castanopsis (Ca. fabri, Ca. carlesii, Ca. 

fargesii, Ca. lamontii, Ca. hystrix, etc.), and Quercus (Q. austroglauca, Q. oxyodon, Q. 

utilis). Other evergreen species from Magnoliaceae, such as Michelia calcicola and 

Mangletia rufibarbata, are also common in the community (Fig. 3G). 

Field surveys conducted over four years (2021–2024) identified only 64 mature 
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trees and 4 saplings of Q. marlipoensis. The scarcity of seedlings suggests significant 

regeneration challenges within this population. 

 

Fig. 3 Field survey on natural habitats and population status of Quercus marlipoensis 

in Xia-Jin-Chang village, Lao-Jun-Shan National Nature Reserve, Malipo County, 

southeastern Yunnan, China. A-D: Field survey photos of the oak habitat of Q. 

marlipoensis. E & F: The landscape of tropical montane cloud forests (TMCF); G: A 

close view of the community showing the limestone rocky soil outcrops. H-J: tree 

shape and trunk. 
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 Phenology 

 We continuously monitored the phenology of Q. marlipoensis over two years 

(2023–2024) to document the timing of bud burst, bud showing, flowering period, and 

peak flowering phases. 

Mature trees of Q. marlipoensis began budding around April 13 and entered the 

bud showing phase by April 19. The initial flowering phase typically occurred in late 

April, with variations of 7–10 days depending on the year. About one week after the 

onset of flowering, the trees reached their peak flowering period at the end of April (Fig. 

4). The entire flowering period lasted approximately two weeks. Nevertheless, due to 

severe droughts in Yunnan during 2023 and 2024, only five individuals in the 

population flowered.  

 
Fig. 4 Flowering period, fruiting period and acorn morphology of Quercus 

marlipoensis. 

3.2 Seed germination characteristics 

 Morphological characteristics of the acorn and seed germination 
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The average fresh weight of each acorn was 3.12 g (derived from 100-seed 

weight). The moisture content of acorns was 55.34±1.56%. The acorn is ellipsoidal 

with a cup-shaped cupule. The purplish-red triangular bracteoles were imbricate on 

the outside of the cupule and more prominent at the top (Fig. 5a). The mean length 

and width of the acorn were 1.77 ± 0.17 cm and 1.39 ± 0.08 cm, respectively. The 

length of the cupule was 1.01–1.45 cm (average 1.22 cm), and the cup scar diameter 

(also known as seed scar diameter) was 0.45–0.67 cm (average 0.56 cm). The seed 

cotyledon is creamy white or light yellow (Fig. 5c). The radicle penetrates the seed 

coat at or beside the remains of the style when germinating (Fig. 5d, e). The epicotyl 

did not elongate until 12 weeks after germination when the radicle was 7.00–9.00 cm 

long (Fig. 5f).  

 
Fig. 5 Acorn and seed germination morphology of Quercus marlipoensis. Scale 

bar=1.0 cm. (a) & (b): Mature acorn with cupule (a) and without cupule (b); CL 

indicates the cupule length measurement; L and W represent the acorn length and 

width, respectively; CSD indicates the cupule scar; (c): Embryo position in the seed; 

(d) & (e): Radicle emergence at day 2 of germination, showing the embryo position 

varies from at the remains of the style (d) to beside the remains of the style (e); (f): 

Seed after two weeks of germination, an elongated radicle and emergence of the 
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plumule. St: remains of the style; Cu: cupule; Co: cotyledon; EoA: embryo axis; CoP: 

cotyledon petiole; Plu: plumule; Ra: radicle. 

 Scarification and germination 

Seeds subjected to pericarp removal and/or partial cotyledon removal showed 

90.00% to 100.00% germination percentages, while only 73.33% germinated in the 

control group. Pericarp removal also significantly accelerated the speed of 

germination (RP_T50 = 4.70±0.55 day, CK_ T50 = 19.88±1.63 day). The initial 

germination time showed no significant difference among the five treatments (p > 

0.05), but the last ger-mination time of the acorns without pericarp tissue was earlier 

than that of the control and RS groups (Fig. 6a). The significant decrease of T50 and 

increase of both germination value and germination index (Fig. 6b–d) indicated that 

the intact pericarp impeded germination. However, cup scar removal decreased T50 

and increased the germination index less significantly than removal of the whole 

pericarp or cutting off part of the cotyledon (RP, TC, OC).  

 
Fig. 6 Seed germination patterns under different pericarp removal and cotyledon 
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cut-off treatments of Q. marlipoensis. (a): Fitted germination curves, CK represents 

seeds with pericarp, RS represents removal of cup scar, RP removal of the pericarp, 

TC and OC respectively represent seeds with pericarp removal and cutting off 1/3 of 

cotyledons and 2/3 of the cotyledon; (b): T_50; (c): germination value (GV); (d): 

germination index (GI). Means followed by the same letter are not significantly 

different at p = 0.05 (Tukey HSD test) 

 Temperature and germination 

Seeds at all six of the tested temperatures (from 5°C to 30°C) had high 

cumulative germination percentages ranging from 70.00% to 100.00% (Fig. 11a). The 

initial and last germination times at 5°C and 10°C were significantly later than those 

at 15–30°C (Fig. 11a, p < 0.05). The time to complete germination was shortened 

significantly above 15°C. T50 increased significantly at 5–15°C and remained low at 

20–30°C (Fig. 11b). The germination value and germination index increased with 

temperature (Fig. 11c-d) 

GR increased linearly with temperature, reaching 0.57 days-1 at 30°C, though the 

final germination percentage did not increase from 15°C to 30°C. The estimated Tb 

was 3.60°C (Fig. 12). 
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Fig. 7 Seed germination patterns at different temperatures of Quercus marlipoensis. a: 

Germination curves; b: T_50; c: germination value (GV); d: germination index (GI). 

Means followed by the same letter are not significantly different at p = 0.05 (Tukey 

HSD test). 

 
Fig. 8 Effect of temperature (x) on the germination rate (GR, y) of Quercus 
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marlipoensis. The germination base temperature (Tb) was calculated as the x-intercept 

of the linear regression (y = 0.0224x–0.0813, R2 = 0.9735). GR was calculated as the 

inverse of T_50. 

 Water potential and germination 

Water potential remarkably affected germination percentage, T50, germination 

value, and germination index (Fig. 13). Lower water potential (i.e., more negative 

values) reduced the final germination percentage. The seeds subjected to the control 

treatment (0 Mpa) started to germinate within 3 days, while those under water stress 

took 2 to 4 weeks to start germination (Fig. 13a). T50 extended from 3.6 days to 34 

days across water potential values from -0.2 MPa to -1 MPa (Fig. 13b). In other words, 

germination significantly slowed as water potential decreased. Both germination value 

and germination index decreased as water potential decreased (Fig. 13c, d).  

 
Fig. 9 Seed germination pattern under different water potentials of Quercus 

marlipoensis; a: Fitted germination curves; b: T_50; c: germination value (GV); d: 
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germination index (GI). Means followed by the same letter are not significantly 

different at p = 0.05 (Tukey HSD test) 

The final germination percentages decreased linearly with water potential 

between -0.2 and -1.0 Mpa (Fig. 14). Almost all the seeds germinated under 0 Mpa 

and -0.2 Mpa. The germination percentage also decreased linearly with water 

potential (Fig. 15). The base water potential (ψb) was -0.9 Mpa according to the 

x-intercept of the linear regression. 

 
Fig. 10 Effect of water potential (ψ) on the final germination percentage (%) of 

Quercus marliponesis. The linear equation (y = 125x + 127.33, R2 = 0.9855) fit the 

data well when data points for 0 Mpa treatment (which had the same germination 

percentage as -0.2 Mpa treatment) were omitted. 
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Fig. 11 Effect of water potential (ψ) on the germination rate (1/days) of Quercus 

marliponesis. The linear equation (y =0.2707x + 0.33, R2 = 0.7992) was fitted to the 

data, and the x in-tercept was calculated to estimate the base water potential (ψb). 

3.3 Pollen preservation 

 Pollen vitality testing 

The initial relative water content of Q. marlipoensis pollen was 68.89%, with an 

initial pollen viability of 67.62% ± 4.99%. 

 Impact of dehydration and storage temperatures to pollen viability 

The optimal ex vitro germination treatment for Q. marlipoensis pollen were found 

on a medium containing 100 g/L sucrose + 0.02 g/L boric acid + 10 g/L agar, cultured 

at 25°C for 24 H in a constant temperature incubator. 

 Short-term storage 

After 10 days, the highest germination rate (54.77%) was observed in pollen 

stored at -20°C with 15% RH, followed by -80°C with 15% RH (52.08%), These 

represented decreases of 7.58% and 10.27%, respectively, compare to pre-storage 

viability. In contrast, storage at ambient temperature (20°C) with 15% RH resulted in 

the lowest germination rate (1.23%), a significantly reduction of 52.47% (P <0.05; 

Table 2). 

 Medium-Term Storage (30–60 Days) 



28 
 

After 30 and 60 days, pollen stored at -20°C with 15% RH maintained the highest 

germination rate, at 46.31% and 40.99% respectively. Followed by storage at -20°C 

with 30% RH, with germination rates of 45.34% and 37.16%, respectively. 

Germination rates at -20°C with 30% RH were significantly higher than other 

treatments at the same RH (P < 0.05). The lowest germination rates were observed at 

ambient temperature 20°C with 15% RH (0%), which is significantly lower than other 

treatments (P < 0.05), marking a decline of 53.7%. Furthermore, under 75% RH 

condition, germination rates were 0% across all storage temperature treatments by 60 

days, indicating the pollen complete loss of viability.  

 Long-Term Storage (90–120 Days) 

By 90 days, germination rates declined further across all treatments. The highest 

germination rates were detected at -20°C with 15% RH (30.98%), and -80°C with 15% 

RH (32.63%), though differences between these treatments were not statistically 

significant.  

At 120 days, under both 15% RH and 50% RH, pollen germination rates did not 

differ significantly between -80°C and -20°C storage. However, under 30% RH, all 

storage temperature treatments showed no significant differences in pollen 

germination rates, indicating uniform degradation of viability. 

In conclusion, for optimal preservation of Q. marlipoensis pollen, storage at 

-20°C or -80°C with 15% relative humidity (RH) is recommended for short- to 

medium-term durations. High RH levels (≥75%) and ambient temperatures (20°C) 

should be avoided, as they lead to rapid loss of viability. 

Table 2. Comparison of Quercus marlipoensis pollen germination at differences storage 

conditions 

  15%RH 30%RH 50%RH 75%RH 

Storage 

date/day 

Storage 

condition/℃ 

Pollen 

germination 

rate/% 

Pollen 

germination 

rate/% 

Pollen 

germination 

rate/% 

Pollen germination 

rate/% 
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0  62.35±1.92 61.73±2.3 60.96±2.33 53.7±1.18 

10 -80 52.08±0.86 a 46.46±1.3 b 34.86±2.01 b 13.26±1.1 4a 

 
-20 54.77±2.08 a 51.05±2.11 a 48.68±1 a 15.62±0.95 ab 

 
4 33.57±1.71 b 34.26±1.22 c 27.11±1.13 c 11.81±1.69 b 

 
20 24.98±1.62 c 22.2±1.59 d 23.68±0.46 d 1.23±1.37 c 

30 -80 42.86±3.10 a 39.58±1.79 b 36.28±2.88 b 3.62±1.79 a 

 
-20 46.31±1.81 a 45.34±3.65 a 42.12±1.74 a 2.01±0.99 ab 

 
4 29.37±1.84 b 33.04±0.25 c 25.72±0.76 c 1.77±0.56 ab 

 
20 20.64±1 c 15.95±1.39 d 13.91±2.17 d 0 b 

60 -80 36.23±3.40 a 32.79±0.87 b 28.65±1.15 b 0 

 
-20 40.99±1.87 a 38.83±0.91 a 37.02±0.4 a 0 

 
4 26.26±0.47 b 31.05±1.42 b 24.57±0.99 c 0 

 
20 15.75±0.86 c 10.54±1 c 8.98±2.2 d 0 

90 -80 32.63±0.8 a 30.81±0.26 c 25.93±1.38 a 0 

 
-20 37.27±2.9 a 34.20±0.26 a 31.19±3.87 a 0 

 
4 25.24±1.13 b 30.59±0.81 b 24.4±3.09 a 0 

 
20 6.73±3.03 c 3.72±1.09 d 1.34±1.61 b 0 

120 -80 31.21±1.05 a 28.97±0.44 a 25.14±1.76 a 0 

 
-20 30.98±1.26 a 31.06±1.85 a 27.45±2.06 a 0 

 
4 23.94±0.55 b 26.17±1.34 a 21.7±2.72 b 0 

 
20 0 c 0 b 0 c 0 

Different lowercase letters within the same column indicate significant differences (P 

< 0.05). 

3.4 Phylogenetic position of Q. marlipoensis and taxonomy revision on the Q. 

engleriana complex 

 Phylogenetic reconstruction and population structure 
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We used two species of Section Cyclobalanopsis (Q. chungii and Q. 

myrsinifolia) and Q. cerris as outgroups, and included 11 individuals from other 

species within Section Ilex to reconstruct the phylogenetic tree of Section Ilex, and the 

results are consistent with the the structure inferred using red-seq in a previous study 

(Jiang et al. 2019). The phylogeny derived based on whole-genome resequencing data 

was well-resolved, enhancing its resolution at both species and intraspecific levels 

(Fig. 12A). The species of Q.engleriana complex split into two main clades in the tree, 

the sister‐group relationships between these two clades were well supported (Fig. 

12A). The nuclear phylogenies result resolved a monophyletic clade consisting of 

Quercus tungmaiensis and Quercus kongshanensis with high confidence (Fig. 12A). 

The Q. tungmaiensis-Q. kongshanensis clade consists of two primary subclades, Q. 

tungmaiensis and Q. kongshanensis, as well as an admixture clade, which forms a 

nested topology within the Q. kongshanensis clade. Q. marlipoensis was clustered 

with Q. engleriana. All individuals of Q. engleriana were divided into three clades 

based on phylogenetic results, which were named according to their corresponding 

geographic regions: Clade_SE (Southeast), Clade_CE (Central East), and Clade_SW 

(Southwest). Additionally, Q. tatakaensis, which was once considered a Taiwan 

endemic species, is nested within the Southeast clade of Q. engleriana. 

The results of the population structure analysis were consistent with 

phylogenetic features. The optimal number of genetic clusters (K) was three (Fig. 

12B). These results suggest that the ancestral component structure of Q. engleriana 

and Q. marlipoensis is similar, with ancestral component 1 comprising a larger 

proportion between them. Q. kongshanensis is entirely composed of Ancestral 

Component 3, while Q.tungmaiensis subclades is solely composed of Ancestral 

Component 2. Q.tungmaiensis in the mixed subclade, both ancestral components 2 

and 3 are present, with their proportions being nearly equal. In addition, principal 

component analysis (PCA) of the independent SNPs also revealed two clades (clades1: 

Q. engleriana-Q. marlipoensis, clades2: Q. tungmaiensis-Q. kongshanensis) as two 
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distinct groups in the first principal component (PC1) (Fig. 12C). The PC2 further 

divided new-Q.engleriana into different subpopulations (Fig. 12C). 

 

Fig. 12 The phylogenetic tree and genetic structure of the Quercus engleriana 

complex. A, maximum likelihood (ML) tree based on single nucleotide 

polymorphisms (SNPs) of whole genome resequencing. B, Genetic structure of the Q. 

engleriana complex inferred using ADMIXTURE v. 1.23. C, PCA plot based on 

genetic covariance among all individuals of Q. engleriana complex, the first two PCs 

are shown. 

 Morphological variation of the species in the Quercus engleriana complex 
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After removing the effects of blade position and size, the scatter plots were 

evenly centered around the corresponding landmarks, with all the blades overlapping 

as much as possible. This indicates that GPA (Generalized Procrustes Analysis) 

effectively eliminates differences in blade position and size (Fig. 13). 

 
Fig. 13 Semi-landmark results of generalized Procrustes analysis of the leaf shape of 

the Quercus engleriana complex species based on the full raw coordinate matrix (A), 

symmetric components (B), and asymmetric components (C) 

We applied Procrustes analysis of variance (ANOVA) to the leaf size and shape 

data, partitioning the variance hierarchically into population and species components 

(Table 3). For centroid size, the species-level (77.42%) explained more variation of 

the total variance than population-level (22.03%). A similar trend was observed in the 

variance of leaf shape, paralleling the results seen with centroid size. 

Table 3. Results of the Procrustes ANOVA of leaf size and shape in species and population. 

Response Effect %VAR Ss d.f. F 

Centroid Size Species 77.42% 1091427227 4 3.51* 

Population 22.03% 465943968.6 6 40.42* 

Residual 0.55% 2003733125 1043  
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Shape Species 82.89% 1.24566563 400 197.78* 

 Population 16.37% 0.73812313 1200 22.3* 

 Residual 0.73% 5.7546069 208600  

Residual, digitizing error; %VAR, percentage of variance explained by each effect; SS, sum 

of squares; d.f., degrees of freedom; F, F values; *P < 0.0001 

 

Fig. 14 Semilandmark results of species-level principal component analysis (PCA) of 

species of the Quercus engleriana complex tree species based on symmetric 

components (A) and asymmetric components (B). The confidence ellipse is 90%, and 

the transformation grids is the wireframe plots corresponding to the PC at the positive 

and negative extreme values; QE：Q. engleriana，QM: Q. marlipoensis，QK: Q. 

kongshanensis，QT: Q. tungmaiensis, QA: Q. tatakaensis 
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PCA analyes was carried out on the symmetrical and asymmetric components of 

leaf morphology of the 5 species. In the scatter plot of the PC1 and PC2 scores for the 

symmetric and asymmetric components generated by PCA, the leaves of all species 

mainly overlapped (Fig. 14). The first two PCs accounted for 83.88% of the total leaf 

shape variables (PC1 accounted for 73.34%, and PC2 accounted for 10.54%) in 

symmetrical components (Fig. 14). In the transformation grid for asymmetric 

components, the variation in shape along the PC1 axis primarily reflects changes in 

leaf width (see Fig. 14). Based on the asymmetric components, the first two PCs 

accounted for 80.52% of the total leaf shape variables (PC1 accounted for 55.88%, 

and PC2 accounted for 24.64%). In the transformation grid of the asymmetric 

components, the shape variation along the PC1 axis mainly represented the deflection 

in the primary vein (Fig. 14).  

The CVA clustering scatter plot (Fig. 15) shows a separation among the five 

species on the symmetrical and asymmetric components. In symmetrical coponents, Q. 

marlipoensis and Q. tungmaiensis were clustered into individual species (CV1 and 

CV2 accounted for 57.10% and 20.18% of the total variation, respectively). In 

contrast, Q. marlipoensis, Q. engleriana, and Q. tatakaensis exhibit considerable 

overlap. The transformation grid highlights the primary differences among the five 

species. (Fig. 15). 



35 
 

 
Fig. 15 Semi-landmark results of canonical variate analysis (CVA) of the Quercus 

engleriana complex species based on symmetric components (A) and asymmetric 

components (B). The confidence ellipse is 90%, and the transformation grids is the 

wireframe plots corresponding to the PC at the positive and negative extreme values; 

QE: Q. engleriana; QM: Q. marlipoensis; QK: Q. kongshanensis ， QT: Q. 

tungmaiensis; QA: Q. tatakaensis.  

4. Discussion and Conclusion  

4.1 Conservation stratgies of Quercus marlipoensis 

To date, only one small population of Quercus marlipoensis has been identified, 

restricted to karst shrublands characterized by high humidity. However, increasingly 

dry winter and spring climates pose significant challenges to seedling establishment. 

Pollen grains of Q. marlipoensis exhibit high viability during the flowering period, 

but their longevity decreases dramatically under warm and humid conditions. 

Long-term preservation of pollen is possible when stored at 15% relative humidity 

(RH) and temperatures of -20℃ or -80℃ (Table 2). 

Quercus marlipoensis seeds are recalcitrant with typical epicotyl dormancy, 

germinating quickly after maturity, but with delayed epicotyl development. The seeds 

tolerate moderate to high levels of animal predation, remain viable at low germination 
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temperatures, and achieve relatively high germination percentages. However, they are 

highly sensitive to dehydration during germination (Fig. 5-11). 

This germination process aligns with the microenvironments of tropical montane 

cloud forests (TMCFs). However, Q. marlipoensis is restricted to limestone areas with 

soils prone to high water evaporation and low moisture under drought conditions. 

Increasing seasonal dryness and climate extremes in Southwest China and Indo-China 

have degraded its habitat, have exacerbated difficulties in seedling establishment, 

severely hindering population regeneration. 

To conserve this species, ex situ conservation efforts are crucial. These efforts 

should include propagating the species manually, transplanting seedlings to other 

suitable humid habitats, and reintroducing them into their natural environment. Such 

actions are essential to ensure population recovery and the long-term survival of Q. 

marlipoensis. 

4.2 Taxonomy treatment of the Quercus engleriana complex 

Phylogenetic reconstruciton using whole-genome resequencing of nulcear DNA 

successfully resloved two lineages, consistent with the results of morphological 

analyses. These results suggested presence of two evolutionary significant groups 

within the Q. engleriana complex (Fig. 12). Notably, Q. marlipoensis resolved as the 

basal clade within the Q. engleriana lineage, and Admixture analyses also showed Q. 

marlipoensis has similar genetic composition with the SW China clade of the Q. 

engleriana lineage (Fig. 12). Despite this similarity, the four clades of the Q. 

engleriana lineage received high bootstrap supports, and these clades show allopatric 

or parapatry distribution. This result suggested that the regional gene flow has been 

restricted. Furthermore, Q. marlipoensis clade exhibits clear morphological 

differences from the other species in the complex, reinforcing its status as an 

evolutionary significant unit (ESU). Based on these findings, we propose reducing Q. 

marlipoensis to a subspecies of Q. engleriana and establishing a new combination. 

Additionally, Q. tatakaensis is clustered within the SE clade of Q. engleriana, and its 

morphological traits completely overlap with those of the latter. Similarly, neither Q. 
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tungmainensis nor Q. kongshanensis was resloved as monophyletic clade. Therefore, 

we propose to reduce Q. tatakaensis and Q. kongshanensis as new synonyms to Q. 

engleriana and Q. kongshanensis, respectively.  

Taxonomy treatment on the Quercus engleriana complex 

1) Quercus tungmainensis Y.T. Chang  

in Acta Phytotax. Sin. 11: 254 (1966). ─TYPE: Tibet, Bo-Mi County, Tung-mai, 22 

July 1965, Chang, Y.-T. & Lang, K.-Y. 887 (Holotype: PE!).  

Quercus kongshanensis Y.C.Hsu & H.Wei Jen in Acta Phytotax. Sin. 14(2): 85 

(1976). syn. nov. ─TYPE: Yunnan, Gongshan, Do-long-jiang district, alt. 2400m, 19 

Sept. 1956, Mao, P.-Y. 00479 (Holotype PE!; Isotype: IBSC!).  

2) Quercus engleriana Seemen  

in Beibl. Bot. Jahrb. Syst. 57: 47 (1897). ─TYPE: China, Szechwan, 1885-1888, 

Lectotype: Henry, A. 5682A (GH00034155! Isolectotype: MEL2432990!); Syntype: 

Henry, A. 5682 (GH00034156!; Isosyntypes: US00089517!; BM000951898!).  

Quercus engleriana subsp. marlipoensis (Hu & W.C. Cheng) M. Deng & L.T. Liu, 

comb. nov. ─Quercus marlipoensis Hu & W.C. Cheng in Acta Phytotax. Sin. 1:142 

(1951). ─TYPE: Yunnan, Marlipo County, Hwanginyin, alt. 1100 m., in evergreen 

mixed woods, Jan 22 1940, Wang, C.W. 86357 (Holotype: PE00039496!; Isotypes: 

PE00022946!, PE00022947!)  

Quercus tatakaensis Tomiya in Trans. Nat. Hist. Soc. Formos. 34: 346-347. fig. 1 

(1944). syn. nov. ─Quercus semecarpifolia f. tatakaensis (Tomiya) J.C.Liao in Mem. 

Coll. Agric. Natl. Taiwan Univ. 11: 62 (1970). ─Quercus spinosa A. David var. 

miyabei Hayata f. tatakaensis (Tomiya) Liao in For. ser. 62: 48. 1974. ─TYPE: 

Taiwan, Chiayi, Tainan-shu, Tataka, Mt. Niitaka, Dec. 17 1943, Tomiya, T. s.n. 

(Syntypes: TAI! [118757!; 118758!; 118759!]).  
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5. Applications and impact 

This study has identified key physiological characteristics of seeds and pollen in 

Quercus malipoensis, providing a foundation for establishing standardized protocols 

for seed germination and long-term preservation. These protocols will facilitate ex situ 

conservation efforts for this critically endangered species. 

Additionally, our integrative analysis combining phylogenomic and morphology 

offers compelling evidence to resolve longstanding taxonomic ambiguities within the 

Quercus engleriana complex. To ensure effective conservation, it is crucial to reassess 

the conservation status of each taxon within the revised complex. Furthermore, the 

influence of environmental changes and local adaptation on the diversification and 

distribution patterns of the Quercus engleriana complex remains insufficiently 

understood and warrants further investigation. 

To address these critical gaps, we propose the following research directions: 

1) Assessment of the conservation status of the Quercus engleriana complex 

Building on molecular systematics and morphological studies, we will finalize a 

comprehensive taxonomic revision of the Quercus engleriana complex. Using IUCN 

Red List criteria, future work need to evaluate the conservation status of the 

reconginized species and subspecies within the complex, providing a foundation for 

prioritizing conservation efforts. 

2) Investigating the roles of environmental changes and local adaptation in the 

spatio-temporal divergence of the Quercus engleriana complex 

By applying population genomic data and landscape genomics approaches, future 

work needs to explore the roles of environmental changes and local adaptation to the 

species tempo-spatial divergence pattern of the Quercus engleriana complex. These 
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analyses will shed light on the evolutionary dynamics of the complex and evaluate its 

resilience to ongoing environmental changes. 

By addressing these research directions, we will deepen our understanding of the 

evolutionary and ecological dynamics within the Quercus engleriana complex. The 

insights gained will be instrumental in developing effective conservation strategies for 

the biodiversity of subtropical montane cloud forests. 

 

6. Dissemination of results 

 Publications  

1. Liu, L. T., Tu, Y., Li, Q. S., & Deng, M. (2024). Seed germination characteristics 

of a critically endangered evergreen Oak—Quercus marlipoensis (Fagaceae) and 

their conservation implications. Forests, 15(2), 235. 

https://doi.org/10.3390/f15020235 

2. Deng, M., Lin, L., Liu, L. T., Huang, S. X., Tu, Y., Lu, Z. C., & Huang, J. (2024). 

Quercus zhekunii M. Deng & J. Huang, a new sclerophyllous oak from Guangxi, 

southwest China. Nordic Journal of Botany, e04512.n/a(n/a): e04512. 

doi:https://doi.org/10.1111/njb.04512 

 Presentations and Forums 

[1] Liu, L.-T., Deng, M. 2024. IOS Webnar. Research Progress on Quercus 

marlipoensis conservation. (On May 14 2024).  

[2] Liu, L-T, Deng, M. 2024. Research Progress onPhylogeny and Population 

Structure of Quercus engleriana complex. Spring 2024 Online meeting IUFO 

(International Union of Forest Research Organizations) (28 May, 2024) 

(https://www.youtube.com/watch?v=hN2KBBrGDXw) (on-line presentation and 

communication) 
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7. Career development  

The project has supported the training of two master students, one Ph.D student, 

and four undergraduate students in plant ecology, conservation biology, population 

genetics and plant physiology. Additionally, eight local forestry rangers have been 

trained to conduct biodiversity monitoring, and reintroduction of endangered plant 

species in the Malipo county, SE Yunnan.  
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8. Appendices 

8.1 Publications： 

1) Liu L, Tu Y, Li Q, Deng M* (2024) Seed germination characteristics of a critically 

endangered evergreen oak—Quercus marlipoensis (Fagaceae) and their conservation 

implications. Forests 15 (2):235 
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2) Deng M, Lin L, Liu L-T, Huang S-X, Tu Y, Lu Z-C, Huang J (2024) Quercus 

zhekunii M.Deng & J.Huang, a new sclerophyllous oak from Guangxi, southwest 

China. Nordic Journal of Botany n/a (n/a):e04512. 

doi:https://doi.org/10.1111/njb.04512 
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8.2 Presentations and Forums 

3) Liu, L.-T., Deng, M. IOS Webnar. Research Progress on Quercus marlipoensis 

conservation. On May 14 2024.  

 
 

4) Liu, L-T, Deng, M. 2024. Research Progress on Phylogeny and Population 

Structure of Quercus engleriana complex. Spring 2024 Online meeting IUFO 

(International Union of Forest Research Organizations) (28 May, 2024) 

(https://www.youtube.com/watch?v=hN2KBBrGDXw) 

https://www.youtube.com/watch?v=hN2KBBrGDXw
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9. Project Funding Utilization 

Research Fund Budget and Expenditure Report (Reporting Period: January 2023 – December 2024) 
Item Cost to grant Match/in kind Total 
Staff time 

  
  

PI (Min DENG) -- working with grad student, managing the project, coordinating with forestry 
bureaus 0 0 0 
Grad student time (Luting Liu, Yue Tu) (average 8 hrs/week)--seed germination test, cryopreservation, 
data collection $2,000 $5,000 $7,000  
Student workers (10/hr x 40 hrs) (media making, stock culture maintenance support) $1,000 $1,000 $2,000  
Local forestry bureau staff time (40 hrs) (video production, website management) $1,000 $1,000 $2,000  
Field collection (total of four people 7 days, including car rental, food, housing and etc.to collect the 
acorns and conduct the population survey)  0 $5,000 $5,000  
whole geome resequencing for 60 samples 10G ($50 per sample) 

 
$3000   

Shipping and Supplies 
  

  
Shipping (seeds for germination test and culture initiation; distribution of seedlings to research 
insitutions) 0 $1,000 $1,000  
Supplies (chemicals and reagents for germination and cryopreservation; plant growing containers, 
media and other) 

 
$2,000 $2,000  

Publishing fee of Scientific Journals  $500 
 

$500  
  

  
  

Academic conferences and Workshop 
  

  
Participating in academic conferences to give oral presentation $500 $1,000 $1,500  
Totals $5,000 $19,000 $24,000  
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