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中 文 摘 要 ： 本計畫為"台灣特有針葉樹種台灣肖楠、香杉及台灣杉遺傳及表觀遺
傳在地適應性演化"。第一年已完成台灣杉部分，且已發表。研究結
果發現現存的台灣杉主要有三個支系之間有與生長棲地環境有關聯
的適應性演化；然而，單純以台灣的台灣杉族群做比較，則沒有適
應性演化的發現，此一結果很可能因為台灣的台灣杉族群間有高的
基因交流的情形所造成。第二年的研究結果發現台灣的針葉樹物種
香杉（Cunninghamia konishii），可能因山脈屏障對基因交流的影
響，且發現有與棲地環境因子關聯的在地適應性；第二年計畫的部
分結果也已發表。前兩年的期中報告，已完整的呈現上述的結果
，第三年則是研究台灣肖楠的在地適應性演化。台灣肖楠與台灣杉
及香杉比較，可能因為台灣肖楠海拔的分布幅度較大，而有更明顯
的與棲地環境有關聯的適應性演化發生。本計畫的期末報告內容主
要是針對台灣肖楠的研究結果。有關台灣杉與香杉的研究結果可見
前兩年的期中報告。第三年台灣肖楠的研究中我們蒐集12個族群的
243 樣本，12個族群地海拔分布自 436公尺 到 2209 公尺。擴增條
帶長度多型性(amplified fragment length polymorphism,
AFLP)及甲基化敏感擴增多型性(methylation-sensitive
amplification polymorphism, MSAP)的研究工具分別獲得437
AFLP, 819, MSAP-m 及346 MSAP-u 條帶。利用genome
scan，multiple univariate logistic regression， latent
factor mixed model以及 Bayesian logistic regression分析，結
果顯示它們分別有34， 51，及24 個條帶所代表的基因座為與環境
因子具有顯著關聯的適應性演化基因因座。結果亦發現這些基因座
主要是與環境生態因子如年均溫，相對溼度，平均風速及陽光照射
時數有關。再者，在低海拔及高海拔的族群均發現有與上述環境因
子有關聯的高頻率的基因座，而與適應性演化有關。

中文關鍵詞： 遺傳變異，表觀遺傳變異，適應性演化，保育， 台灣肖楠。

英 文 摘 要 ： Evolutionary adaptation can be shaped by a combination of
ecological factors as well as geographic isolation
interacting with gene flow. We collected 243 samples from
12 populations of Calocedrus formosana along an elevational
gradient from 436 to 2209 m. Amplified fragment length
polymorphism (AFLP) and methylation-sensitive amplification
polymorphism (MSAP) were, respectively, used in quantifying
genetic and epigenetic variations. Lower levels of genetic
and epigenetic diversities and higher level of population
differentiation were found in Ca. formosana compared with
other Taiwanese conifers including Cunninghamia konishii,
Keteleeria davidiana var. formosana, and Taiwania
cryptomerioides. Based on 437, 819, and 346 AFLP, MSAP-m,
and MSAP-u loci, 34, 51, and 24 loci, respectively, were
found to be FST outliers detected using BAYSCAN and DFDIST.
These outlier loci were found to be strongly associated
with various environmental variables assigned in three
categories: bioclimatic, ecological, and topological
categories, using multiple univariate logistic regression,



latent factor mixed model, and Bayesian logistic
regression. Outlier genetic and epigenetic variations were
explained most prominently by ecological factors compared
with bioclimatic and topological factors analyzed
separately. Annual mean temperature, relative humidity,
mean wind speed, and sunshine hours could have been the
most important drivers for adaptive genetic and epigenetic
variations in Ca. formosana. We found outlier loci with
high frequencies in low- and high-elevation populations,
indicating their involvement in local adaptation and could
be important in the future assisted migration program for
conservation of this species.

英文關鍵詞： genetic variation, epigenetic variation, adaptive
evolution, conservation, Calocedrus formosana
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中文摘要 

本計畫為"台灣特有針葉樹種台灣肖楠、香杉及台灣杉遺傳及表觀遺傳在地適應性演化"。第一年

已完成台灣杉部分，且已發表。研究結果發現現存的台灣杉主要有三個支系之間有與生長棲地環

境有關聯的適應性演化；然而，單純以台灣的台灣杉族群做比較，則沒有適應性演化的發現，此

一結果很可能因為台灣的台灣杉族群間有高的基因交流的情形所造成。第二年的研究結果發現台

灣的針葉樹物種香杉（Cunninghamia konishii），可能因山脈屏障對基因交流的影響，且發現有與

棲地環境因子關聯的在地適應性；第二年計畫的部分結果也已發表。前兩年的期中報告，已完整

的呈現上述的結果，第三年則是研究台灣肖楠的在地適應性演化。台灣肖楠與台灣杉及香杉比較，

可能因為台灣肖楠海拔的分布幅度較大，而有更明顯的與棲地環境有關聯的適應性演化發生。本

計畫的期末報告內容主要是針對台灣肖楠的研究結果。有關台灣杉與香杉的研究結果可見前兩年

的期中報告。第三年台灣肖楠的研究中我們蒐集 12個族群的 243 樣本，12 個族群地海拔分布自 

436公尺 到 2209 公尺。擴增條帶長度多型性(amplified fragment length polymorphism, AFLP)及

甲基化敏感擴增多型性(methylation-sensitive amplification polymorphism, MSAP)的研究工具分別

獲得 437 AFLP, 819, MSAP-m 及 346 MSAP-u 條帶。利用 genome scan，multiple univariate logistic 

regression， latent factor mixed model 以及 Bayesian logistic regression 分析，結果顯示它們分別

有 34， 51，及 24 個條帶所代表的基因座為與環境因子具有顯著關聯的適應性演化基因因座。

結果亦發現這些基因座主要是與環境生態因子如年均溫，相對溼度，平均風速及陽光照射時數有

關。再者，在低海拔及高海拔的族群均發現有與上述環境因子有關聯的高頻率的基因座，而與適

應性演化有關。  
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英文摘要 

Evolutionary adaptation can be shaped by a combination of ecological factors as well as geographic 

isolation interacting with gene flow. We collected 243 samples from 12 populations of Calocedrus 

formosana along an elevational gradient from 436 to 2209 m. Amplified fragment length polymorphism 

(AFLP) and methylation-sensitive amplification polymorphism (MSAP) were, respectively, used in 

quantifying genetic and epigenetic variations. Lower levels of genetic and epigenetic diversities and 

higher level of population differentiation were found in Ca. formosana compared with other Taiwanese 

conifers including Cunninghamia konishii, Keteleeria davidiana var. formosana, and Taiwania 

cryptomerioides. Based on 437, 819, and 346 AFLP, MSAP-m, and MSAP-u loci, 34, 51, and 24 loci, 

respectively, were found to be FST outliers detected using BAYSCAN and DFDIST. These outlier loci 

were found to be strongly associated with various environmental variables assigned in three categories: 

bioclimatic, ecological, and topological categories, using multiple univariate logistic regression, latent 

factor mixed model, and Bayesian logistic regression. Outlier genetic and epigenetic variations were 

explained most prominently by ecological factors compared with bioclimatic and topological factors 

analyzed separately. Annual mean temperature, relative humidity, mean wind speed, and sunshine hours 

could have been the most important drivers for adaptive genetic and epigenetic variations in Ca. 

formosana. We found outlier loci with high frequencies in low- and high-elevation populations, 

indicating their involvement in local adaptation and could be important in the future assisted migration 

program for conservation of this species. 

 

Keywords: genetic variation, epigenetic variation, adaptive evolution, conservation, Calocedrus 

formosana 
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Evolutionary adaptation can be shaped by a combination of ecological factors as well as geographic 

isolation interacting with gene flow. We collected 243 samples from 12 populations of Calocedrus 

formosana along an elevational gradient from 436 to 2209 m. Amplified fragment length polymorphism 

(AFLP) and methylation-sensitive amplification polymorphism (MSAP) were, respectively, used in 

quantifying genetic and epigenetic variations. Lower levels of genetic and epigenetic diversities and 

higher level of population differentiation were found in Ca. formosana compared with other Taiwanese 

conifers including Cunninghamia konishii, Keteleeria davidiana var. formosana, and Taiwania 

cryptomerioides. Based on 437, 819, and 346 AFLP, MSAP-m, and MSAP-u loci, 34, 51, and 24 loci, 

respectively, were found to be FST outliers detected using BAYSCAN and DFDIST. These outlier loci 

were found to be strongly associated with various environmental variables assigned in three categories: 

bioclimatic, ecological, and topological categories, using multiple univariate logistic regression, latent 

factor mixed model, and Bayesian logistic regression. Outlier genetic and epigenetic variations were 

explained most prominently by ecological factors compared with bioclimatic and topological factors 

analyzed separately. Annual mean temperature, relative humidity, mean wind speed, and sunshine hours 

could have been the most important drivers for adaptive genetic and epigenetic variations in Ca. 

formosana. We found outlier loci with high frequencies in low- and high-elevation populations, 

indicating their involvement in local adaptation and could be important in the future assisted migration 

program for conservation of this species. 

 

INTRODUCTION 

 

Linking ecology with evolutionary biology is important to understand how environments drive adaptive 

divergence among populations within a species' distribution range. Environmental heterogeneity apart 

from geographic isolation can impose strong constraints on gene flow among populations of a species 

and selection is expected to favor fitness-related traits leading to local adaptation (Kawecki and Ebert 

2004). Local adaptation has important implications for species conservation in responding to global 

change. Dispersal is a vital process that maintains genetic diversity and is critical to population resilience 

and persistence (Kremer et al., 2012) because genetic variation plays a key role in a population that is 

robust to future environmental changes. Migration of pre-adapted alleles can play roles in local adaption 

(Hamrick 2004; Kremer et al., 2012). However, gene flow among populations inhabiting environmentally 

distinct areas can also have negative effects that disrupting locally adaptive gene complex or the addition 

of maladapted alleles (Kirkpatrick and Barton, 1997; Lenormand, 2002; Sexton et al., 2014).  

Gene flow among populations of a species' distribution range can be explained by the models of 

isolation by distance (IBD) (Wright, 1943) and isolation by environment (IBE) (Wang et al., 2013; Sexton 

et al., 2014). Geographical distance can be the primary constraint on dispersal, and a pattern of IBD arise. 

Alternatively, IBE predicts that habitats over environmental gradients where environmental conditions 

acting as selective drivers shaping population divergence. It is unique in IBE that natural selection rather 

than neutral random drift is the evolutionary driving force for adaptive evolution. Disentangling the 

effects of IBE and IBD acting on the divergence of conspecific populations is critical to understanding 

the process of how environments drive population divergence (Shafer and Wolf, 2013; Sexton et al., 2014) 

and for species conservation as biodiversity increasingly threatened by global change (Hoffmann and 

Sgrò, 2011). 

Genetic variation may be influenced by environmental conditions such as ecological and topological 

factors as well as past demographic history and stochastic mechanisms (Lande, 1988; Reed and 

Frankham, 2003; Hoffmann and Sgrò, 2011; Wang et al., 2017). Species distributions cover a small 

elevational band in a small latitudinal range, local adaptation may be precluded, resulting in drift-

mediated population divergence because of the high rate of gene flow (Garcia-Ramos and Kirkpatrick, 

1997; Li et al., 2018). However, population environmental conditions of a species can vary dramatically 

within a small latitudinal range, particularly in geographic areas where complex mountain systems may 

act as barriers to gene flow. Patterns of genetic diversity can exist in a species along elevational and 



latitudinal gradients of its distribution. Theory predicts that diversification and adaptation may be 

accelerated at the elevational edges of a species' distribution range. Identification of high frequency eco-

alleles associated with environmental factors can be crucial in the assisted migration program for species 

conservation, particularly in the face of global climate change (Aitken et al., 2008; Aitken and Whitlock, 

2013; Aitken and Bemmels, 2016).  

Genetic and epigenetic variations can be environmentally dependent and contributing to population 

survival (Richards et al., 2010; Richards et al., 2017). Genetic variation can be efficiently quantified 

using amplified fragment length polymorphism (AFLP) and hundreds of molecular markers, representing 

DNA sequence variation, for non-model organisms facilitating investigation of adaptive evolution 

(Holderegger et al., 2008; Chen et al., 2012; Fang et al., 2013; Li et al., 2018). Molecular mechanisms 

such as histone modifications, DNA methylation, and RNA interference that can influence gene 

expression without DNA sequence changes and generate information related to epigenetic variation 

(Richards, 2006; Whipple and Holeski, 2016; Richards et al., 2017). In general, epigenetic variation is 

defined as stable changes result from alterations in the methylation status and altered methylation status 

can be transmitted to the next generation (Richards, 2006; Berger et al., 2009). In non-model organisms, 

epigenetic variation can be surveyed using methylation-sensitive amplification polymorphism (MSAP). 

In MSAP, DNA is digested with methylation-sensitive restriction endonuclease and restriction fragments 

amplified using polymerase chain reaction (PCR). Quantification of genetic and epigenetic variations, 

via AFLP and MSAP, of natural populations of a species is useful for testing environmentally dependent 

evolution underlie local adaptation (Herrerra and Bazaga, 2010; Paun et al., 2010; Yang et al., 2011; 

Huang et al., 2015b; Li et al., 2018). 

Local adaptation responding to environmental conditions is commonly found in conifers (e.g., Mimura 

and Aitken, 2010; Grivet et al., 2011; Chen et al., 2012; Fang et al., 2013; Shih et al., 2018). Contrasting 

patterns of AFLP adaptive divergence or neutral evolution were observed in Taiwanese coniferous 

species such as Keteleeria davidiana var. formosana (Fang et al., 2013), Taiwania cryptomerioides 

(Taiwania) (Li et al., 2018), and Cunninghamia konishii (Li et al., 2019). No population adaptive 

divergence was detected among populations of Taiwanese Taiwania (Li et al., 2018) in contrast to 

population adaptive divergence detected in K. davidiana var. formosana and Cu. konishii (Fang et al., 

2013; Shih et al., 2018; Li et al., 2019). The discrepancy in the detection of population adaptive 

divergence in response to environmental conditions might have been related to the patterns of distribution 

of these species encompassing different elevational ranges. Taiwanese Taiwania is distributed in a 

narrower elevational gradient (1860–2400 m, Li et al., 2018) compared to Cu konishii, which is 

distributed in a geographic range with a wider elevational band (1065–2510 m, Liu, 1966; Li et al., 2019). 

Another conifer, K. davidiana var. formosana, is distributed in restricted geographic areas in the north 

and the south tip of Taiwan, but occupying only a small elevational range (376–799 m, Fang et al., 2013; 

Shih et al., 2018). Calocedrus formosana, Ca. macrolepis Kurz var. formosana (Florin) is another 

Taiwanese coniferous species closely related to Ca. macrolepis Kurz distributed in the southern provinces 

of China, Myanmar, Thailand, Laos, and Vietnam (Fu et al., 1999). Ca. formosana is an emergent species 

associated with Pseudotsuga sinensis, T. cryptomerioides, Castanopsis spp., and Cyclobalanus spp. at 

elevations of 300–2000 m. Our sampled Ca. formosana populations in the present study were distributed 

at elevations of 436–2155 m (Table 1). Mountains can act as barriers to gene flow, beside tectonics and 

climate, influencing patterns of biogeographic differentiation of a species (Antonelli, 2017), and was 

found to have had an active role in restricting gene flow in Cu. konishii (Li et al., 2019). Geographically, 

populations of Ca. formosana can be separated into areas north and south of the Hsuehshan mountain 

range (HMR, Figure 1).  

It is likely that HMR can hinder gene flow between populations of Ca. formosana north and south of 

this mountain range. The unique distribution of Ca. formosana from low to high elevations makes it an 

exemplar Taiwanese conifer in view of global climate change since its exclusive habitats may be reduced 

or even disappear. Environmental complexities in mountainous regions, ranging from deep valleys to 

high mountain peaks, with rugged topography and steep elevational environmental gradients (Su, 1984; 

Li et al., 2013), are biodiversity "hotspots" and important reservoirs of genetic diversity in Taiwan. High 

elevation populations are typically more vulnerable to environmental change than their low elevation 

counterparts because of range restriction and dispersal limitations (Allendorf et al., 2010; Hoffmann and 

Sgrò, 2011). In addition, it would be the associated environmental conditions at different elevations, 

rather than elevation per se (Körner, 2007), that may play important roles in driving population adaptive 

divergence in Ca. formosana. We surveyed AFLP and MSAP variations of 243 samples collected from 

12 populations of Ca. formosana to test the roles of gene flow and environments in shaping adaptive 

genetic and epigenetic variations, particularly the adaptive divergence in the leading- and trailing-edge 

populations of Ca. formosana. We have several goals in the present study: (i) examining whether there 

is a pattern of genetic and epigenetic diversity along elevation underlying population diversification; (ii) 



disentangling the effects of IBE and IBD on genetic and epigenetic divergence; and (iii) demonstrating 

there are low- and high-elevation adaptive genetic and epigenetic loci with high frequencies, which may 

link to genes that are likely to play roles in local adaptation and can be used in the future assisted 

migration program of Ca. formosana.   

 

MATERIALS AND METHODS 

Sampling, Genotyping, and Epigenotyping 

We collected 243 individuals of Ca. formosana from 12 populations distributed in Taiwan (Table 1, 

Figure 1). These populations can be assigned to three different forest vegetation zones based on 

elevational distributions (Li et al., 2013) (Table 1). Leaf samples dried with silica gel were used for DNA 

extraction (Doyle and Doyle, 1987). We quantified genetic and epigenetic variation using AFLP (Vos et 

al., 1995) and MSAP (Xiong et al., 1999), respectively. In AFLP selective amplification, 11 EcoRI-MseI 

selective primer combinations (E00: 5’-GACTGCGTACCAATTC-3’ and M00: 5’-

GATGAGTCCTGAGTAA-3’) with additional nucleotide bases added at the ends were used 

(Supplementary Table 1). Ten primer combination of E00 and HM00 (HpaII-MspI, 5’-

ATCATGAGTCCTGCTCGG-3’) with additional selective nucleotides added to the ends were used in 

MSAP selective amplification (Supplementary Table 1). We separated the PCR amplified fragments 

using an ABI 3730XL DNA analyzer and scored with Peak Scanner v.1.0 (Applied Biosystem, Foster 

City, CA, USA). Amplified fragments were scored with the fluorescent threshold set at 150 units. 

Amplified fragment peaks in the range of 150–500 bp separated by less than one nucleotide in a ± 0.8 

base pair window were scored as the same fragment. Markers scored higher than 99% or less than 1% of 

individuals were removed. For MSAP, we obtained MSAP-m (methylated MSAP) and MSAP-u 

(unmethylated MSAP) datasets using the "mixed scoring 1" of the MSAP-calc R script (Schulz et al., 

2013) in the R environment (R Development Core Team, 2018).  

Three amplification replicates of three samples in each population were used to calculate the 

genotyping error rate of each primer combination in AFLP and MSAP. Error rates for MSAP including 

EcoRI-MspI (eMspI), EcoRI-HpaII (eHpaII), and a combined error rate (eMspI + eHpaII – 2eMspIeHpaII) 

were calculated. Loci with error rate greater than 5% were removed. The mean error rate was 4.91% for 

AFLP. For MSAP, the mean error rates were 2.59% (eMspI), 2.61% (eHpaII), and 5.07% (eMspI + 

eHpaII – 2eMspIeHpaII) (Supplementary Table 1).  

 

Genetic and Epigenetic Diversity 

Proportion of polymorphic loci (%P, 95% criterion) and unbiased expected heterozygosity (uHE) within 

a population (Nei, 1987) were calculated using AFLP-SURV v.1.0 (Vekemans et al., 2002) based on allele 

frequencies estimated assuming Hardy-Weinberg equilibrium with non-uniform prior distribution 

(Zhivotovsky, 1999). Per locus uHE was calculated using ARLEQUIN v.6.0 (Excoffier and Lischer, 2010). 

The number of private alleles per population was calculated using the private_alleles function of R poppr 

package (Kamvar et al., 2015). Index of association (IA) (Brown et al., 1980) and modified index of 

association (rD) (Agapow and Burt, 2001), representing multilocus linkage disequilibrium (LD), were 

calculated using the ia function of R poppr package, and significant departure from zero was tested with 

999 permutations. The f-free model of a Bayesian approach implemented in HICKORY (Holsinger and 

Lewis, 2003) was used to estimate inbreeding coefficient (FIS) based on AFLP dataset. Euclidean distance 

matrices of AFLP, MSAP-m, and MSAP-u were calculated with the dist function of R and correlations 

between the three distance matrices were assessed using the mantel function of R vegan package 

(Oksanen et al., 2017) based on Spearman’s rank correlation. Significance of the mantel correlation test 

was determined by 999 permutations. Assessment of significant difference of mean uHE per locus 

between populations and between forest vegetation zones was performed using a linear mixed effect 

model (LMM), based on reduced maximum likelihood estimation, with population or vegetation zone as 

a fixed effect and locus as a random effect using the lmer function of R lme4 package (Bates et al., 2015).  

Significance was assessed based on type II Wald χ2 test using the Anova function of R car package (Fox 

and Weisberg, 2011), and P values were adjusted with Tukey’s post-hoc method using the lsmeans 

function of R emmeans package (Lenth, 2018).  

 

 

Genetic and Epigenetic Clustering  

Sparse non-negative factorization (sNMF) algorithm (Frichot and Francois, 2015) and discriminant 

analysis of principal components (DAPC) (Jombart et al., 2010) were used to assess genetic and 

epigenetic homogeneous groups of Ca. formosana individuals. We assessed individual assignments with 

K = 1–12 based on least-squares optimization implemented in the snmf function of R LEA package 

(Frichot and Francois, 2015). In snmf, the regularization parameter, iterations, and repetitions in snmf 



were set to 100, 200, and 10, respectively, and other arguments set to defaults. The best K in LEA was 

evaluated with the means of minimal cross-entropy. The DAPC analysis was performed using the 

find.clusters and dapc functions of R adegenet package (Jombart and Ahmed, 2011). In DAPC, principal 

component analysis (PCA) was performed and followed by a discriminant analysis that maximize 

variance between groups.  

 

Environmental Variables and Heterogeneity  

Environmental variables used were 19 bioclimatic, three topological, and 12 ecological variables. 

Nineteen bioclimatic variables, constituting weather station-based temperature and precipitation 

information, for sample sites at 30-sec spatial resolution (~ 1 km) were downloaded from the WorldClim 

v.1.4 (Hijmans et al., 2005). Topographic variables, including aspect, elevation, and slope, at 30-m 

resolution were obtained from Aster Global Digital Elevation Map 

(https://asterweb.jpl.nasa.gov/gdem.asp). Ecological factors obtained include normalized difference 

vegetation index (NDVI) and enhanced vegetation index (EVI) derived from moderate resolution 

imaging spectroradiometer (MODIS) dataset MOD13A2 (1 km resolution), and leaf area index (LAI) 

and fraction of absorbed photosynthetically active radiation (fPAR) derived from a MOD15A2 dataset 

(500 m resolution). All the MODIS datasets were acquired from Land Process Distributed Active Archive 

Center (http://lpdaac.usgs.gov) during 2001‒2018, and monthly mean values of NDVI, EVI, LAI, and 

fPAR were computed using a maximum-value composite procedure (Huete et al., 2002). The annual total 

potential evapotranspiration (PET) was also included as ecological factor and calculated based on a 

MOD16A3 dataset (500 m resolution). Monthly mean values of the other five ecological factors, 

including relative humidity (RH), cloud cover (CLO), time of sunshine (SunH), number of rainfall days 

per year (RainD), and mean wind speed (WSmean), were calculated with data obtained from the Data 

Bank for Atmospheric & Hydrologic Research (https://dbahr.pccu.edu.tw/, recorded in 1990–2018) at 

spatial resolution of 1 km using a universal spherical model of the Kriging method in ArcGIS (Chang et 

al., 2014). Soil pH values of sample sites were obtained based on an island-wide soil investigation (n = 

1150) conducted in 1969‒1986 acquired from the Agriculture and Food Agency of Taiwan (Chang et al., 

2009). annual moisture index (Thornwaite, 1948) was calculated based on annual precipitation and 

annual potential evapotranspiration (derived from annual mean temperature).  

We used the cor function of R to calculate correlation coefficients between environmental variables. 

Variance inflation factor (VIF) was calculated using the vif function of R package usdm (Naimi et al., 

2014) within each category of environmental variables. We retained environmental variables in each 

category (bioclimate, ecology, and topology) with the criteria of environmental variables with VIF < 5 

and which not strongly correlated with other variables (|r| < 0.8). Fourteen environmental variables were 

retained: BIO1 (annual mean temperature), BIO7 (annual temperature range), BIO12 (annual 

precipitation), and BIO18 (precipitation of the warmest quarter) in bioclimatic category; aspect, elevation, 

and slope in topological category; and fPAR, WSmean, NDVI, RH, RainD, sunH, and soil pH in 

ecological category (Supplementary Table 2).   

Euclidean distance matrices of the 14 environmental variables were generated and used in a 

permutational multivariate analysis of variance (PERMANOVA) to assess environmental heterogeneity 

among sample sites using the adonis function of R package vegan. Pairwise comparison was performed 

using the pairwise.perm.manova function of R package RVAideMemoire (Herve, 2018). Significance of 

pairwise comparisons were tested with 999 permutations and a false discovery rate (FDR) of 5%.  

 

Test for FST Outliers 

Two FST-based methods (BAYESCAN and DFDIST) were used to identify FST outliers indicating 

signature of selection across populations. BAYESCAN v.2.1 (Foll and Gaggiotti, 2008), a genome-scan 

method, was used to test for FST outliers across populations. BAYESCAN uses a reversible-jump Markov 

chain Monte Carlo algorithm to estimate the ratio of posterior probabilities of selection over neutrality 

(the posterior odds (PO)) using hierarchical Bayesian method. Two hundred pilot runs of 50,000 

iterations were performed followed by a sample size of 50,000 with thinning interval of 20 among 106 

iterations in BAYESCAN analysis. A logarithmic scale of log10PO > 0.5, of log10PO > 1.0, of log10PO > 

1.5, and of log10PO > 2 was, respectively, defined as substantial, strong, very strong, and decisive 

evidence for selection over neutrality according to Jeffreys (1961) and Foll (2012). In the present study, 

we considered a locus with log10PO > 2 as a potential selective outlier.  

  The Beaumont and Nichols model modified for dominant marker implemented in DFDIST was also 

used for FST outlier detection. A distribution of observed FST versus uHE (Zhivotovsky, 1999) comparing 

to simulated neutral distributions was used to identify loci that may be under selection. Parameters 

include critical frequency = 0.99; Zhivotovsky parameters = 0.25; trimmed mean FST = 0.3 (excluding 

30% of highest and 30% of lowest FST values); smoothing proportion = 0.04; 500,000 resamplings; 



critical P = 0.05 were used for running DFDIST. The level of differentiation (target average θ) = 0.099575, 

0.069411, and 0.088879, respectively, for AFLP, MSAP-m, and MSAP-u. Empirical loci considered to 

be outliers potentially under directional selection were those with FST values significantly greater (P < 

0.01) than the simulated distribution. 

 

Test for Associations of Genetic and Epigenetic Loci with Environmental Variables 

Samβada v.0.8.3 (Stucki et al., 2017) and latent factor mixed model (LFMM) (Frichot et al., 2013) were 

used to assess the associations of genetic and epigenetic variations with environmental variables. 

Samβada employs a multiple univariate logistic regression approach to assess the significant correlations 

of allele frequencies with the values of environmental variables. Both Wald and G scores with an FDR 

cutoff of 0.01 were applied to assess the significant fit of model with environmental variables compare 

to null model without environmental variables. LFMM uses a hierarchical Bayesian mixed model 

considering background levels of population structure, latent factors (K), as random effects due to 

demographic history and IBD patterns. Genetic and epigenetic data matrices were used as fixed effects 

in a testing procedure based on Z-scores. The number of latent factors, K, was set to 3 based on the results 

of LEA and DAPC analyses (see Results). Five LFMM runs for each value of K with 10,000 iterations 

of the Gibbs sampling algorithm and a burn-in period of 5,000 cycles were performed. Z-scores of five 

independent runs were combined using Fisher-Stouffer method (Brown, 1975), and the resulting P values 

were adjusted using the genomic inflation factor (λ). An FDR correction of 1% was further used in P 

value adjustment using the qvalue function of R qvalue package (Storey, 2019).  

We used a Bayesian logistic regression analysis implemented in the stan_glm function of R rstanarm 

package (Goodrich et al., 2018) to further verify the associations of FST outliers with environmental 

variables. Student’s t distribution with mean zero and seven degrees of freedom was used as the weakly 

informative prior, and the scale of the prior distribution was 10 for the intercept and 2.5 for the predictors. 

All stan_glm models were run with four chains for 2000 warm-up and 2000 sampling steps. The 

posterior_interval function of R rstanarm package was employed to estimate 95%, 99%, and 99.5% 

credible intervals for determination of significant correlations of FST outliers with environmental 

variables.  

 

The levels of Genetic and Epigenetic Differentiation 

Both the total and outlier datasets were used in analysis of molecular variance (AMOVA) and pairwise 

FST estimation. AMOVA was used to estimate the levels of genetic differentiation at hierarchical levels 

of between geographic areas north and south of the HMR, among genetic clusters (see Results), among 

populations within genetic clusters, and within populations using the poppr.amova function of R package 

poppr, and significance tested using the randtest function of R package ade4 with 9,999 permutations 

(Dray and Dufour, 2007). Pairwise FST was computed using ARLEQUIN and significance tested with 

10,000 permutations.  

 

Mantel Test, Variation Partitioning, and Forward Selection  

Mantel test was used to analyze the correlations of the Euclidean distance matrices derived from outliers 

of AFLP, MSAP-m, and MSAP-u, respectively, with the Euclidean distance matrix of geography (latitude 

and longitude) using the mantel function of R vegan package. Mantel test was also performed for the 

outlier AFLP, MSAP-m, and MSAP-u Euclidean distance matrices, respectively, with the matrix of 

elevational difference in meters. The retained environmental variables in the three environmental 

categories were used separately in a redundancy analysis (RDA) to assess the relative contribution of 

environmental variables explaining the outlier AFLP, MSAP-m, and MSAP-u variations using the 

varpart function of R package vegan, and significance tested using the anova.cca function with 999 

permutations. Four fractions of the total variation were partitioned: pure environmental variables 

(fraction [a]), geographically-structured environmental variables (fraction [b]), pure geographic variables 

(fraction [c]), and residual effects (fraction [d]) (Borcard et al., 1992; Borcard and Legendre, 2002). The 

amount of variation explained in each fraction was determined based on adjusted R2 values (Peres-Neto 

et al., 2006). Longitude and latitude of sample sites were used as geographic variables in the analysis.  

The most important environmental variables significantly explaining outlier genetic and epigenetic 

variations were analyzed according to double-stopping criterion using the forward.sel function of R 

adespatial package (Dray et al., 2019) and significance determined using 999 permutations. 

 

RESULTS 

Diversity  

We obtained 437 AFLP (mean ± SD: 39.7 ± 12.0) and 832 MSAP (mean ± SD: 83.2 ± 9.2) loci 

(Supplementary Table 1). The number of markers for MSAP-m and MSAP-u were 819 (mean ± SD: 



81.9 ± 9.6) and 346 (mean ± SD: 30.6 ± 8.7), respectively. Within Ca. formosana, the number of AFLP 

private alleles ranged from 0 to 61 with a mean ± SD of 12.6 ± 16.9 (Table 1). The AFLP, MSAP-m, and 

MSAP-u distance matrices were significantly correlated with each other (AFLP vs. MSAP-m, rM = 0.389, 

P < 0.001; AFLP vs. MSAP-u, rM = 0.293, P < 0.001; MSAP-m vs. MSAP-u, rM = 0.539, P < 0.001). 

The mean numbers of private allele ± SD were 22.7 ± 12.0 and 9.6 ± 9.6, respectively, for MSAP-m and 

MSAP-u, and ranged from 2 to 40 and from 0 to 33. The average percentage of polymorphism was 42.1 

(ranged from 36.6 for the population FCH to 50.8 for the population CL), 32.7 (ranged from 25.8 for the 

population FCH to 51.9 for the population CL), and 30.2 (ranged from 25.7 for the population WL to 

38.2 for the population CL), respectively, for AFLP, MSAP-m, and MSAP-u (Table 2).  

The average levels of uHE were 0.146, 0.111, and 0.105, respectively, and ranged between 0.104 

(population FCH) and 0.175 (population KW), between 0.098 (population BSS) and 0.134 (population 

CL), and between 0.091 (population BSS) and 0.117 (population CL), for AFLP, MSAP-m, and MSAP-

u (Table 2). Population-level genetic diversity was significantly higher than epigenetic diversity using 

paired Wilcox test (V = 78, P < 0.001 for AFLP vs. MSAP-m and for AFLP vs. MSAP-u). No positive 

correlation between population uHE and sample size was found based on Spearman’s rank correlation 

test for AFLP and mMSAP-u (AFLP, ρ = - 0.371, P = 0.237; MSAP-u, ρ = - 0.448, P = 0.147), but 

negatively significant correlation between sample size and population uHE for MSAP-m was found (ρ = 

- 0.650, P = 0.026). The measures of multilocus LD, IA and rD, showed significant departure from 

random association between AFLP loci, between MSAP-m loci and between MSAP-u loci for all 

populations except the population SS and the population SLS, respectively, between AFLP loci and 

between MSAP-u loci (Table 2). Moreover, population inbreeding coefficient estimated using the f-free 

model of HICKORY was ranged between 0.4 - 0.5.  

Within Ca. formosana, the level of mean uHE per locus was significantly different among populations 

(LMMs; AFLP: χ2 = 164.24, P < 0.0001; MSAP-m: χ2 = 268.20, P < 0.0001; MSAP-u: χ2 = 60.03, P < 

0.001). However, significant difference in the level of mean uHE per locus was found in many pairwise 

comparisons (Supplementary Table 3), in which many population pairs were located between different 

forest vegetation zones.  

 

Genetic and Epigenetic Structures  

In the LEA analysis, the mean of minimal cross-entropy was minimized after K = 4 in all three datasets 

(Supplementary Figure 2A). LEA clustering results were depicted for K = 2–3 (Figure 2). In DAPC 

analysis, 90% of PCA variance was used in discriminant analysis and BIC was minimized at K = 4, but 

elbowed at K = 3 for the three datasets (Supplementary Figure 2B). The amounts of genetic and epigenetic 

variation explained by the first two linear discriminants were, 50.61% and 31.63%, 55.47% and 41.07%, 

and 44.82% and 36.79%, respectively, for AFLP, MSAP-m, and MSAP-u (Figure 3). Three genetic 

clusters observed were concordantly revealed by LEA or DAPC (Figures 2 and 3). The first cluster 

contains populations WL, SS, CL, SKL, KW, and SLS. The second cluster contains populations TC, BSS, 

and HS. Populations SML, FCH, and ZL were included in the third genetic cluster. 

 

Potential Selective Outliers 

BAYESCAN and DFDIST identified non-overlapping set of loci as potential selective outliers in all three 

datasets (AFLP: 26 vs. 9; MSAP-m: 39 vs. 13, and MSAP-u: 19 vs. 8; respectively, for BAYESCAN and 

DFDIST) (Table 3). All outliers identified by BAYESCAN were found to be strongly associated with 

environmental variables assessed with Samβada and LFMM (Table 3). However, one in each of DFDIST 

identified AFLP, MSAP-m, and MSAP-u FST outliers was not found to be associated with environmental 

variables analyzed using Samβada and LFMM. Therefore, 34 AFLP (7.78%), 51 MSAP-m (6.23%), and 

24 MSAP-u (6.94%) loci were identified as potential FST outliers associated strongly with environmental 

variables. The corresponding Z-score, -log10(P-value), and adjusted P value of candidate outlier loci 

identified using LFMM were summarized in Supplementary Table 4. The associations of potential 

selective outlier loci with more than one environmental variable were commonly observed, and therefore, 

Bayesian logistic regression (the stan_glm function of R rstanarm package) was further used to assess 

the relationships between those outliers with environmental variables. Stan_glm of the rstanarm 

confirmed the associations of outlier loci with more than one variable within each environmental category 

(bioclimate, ecology, and topology) (Table 3). 

Allele frequencies of the outlier loci across populations arranged altitudinally were depicted in Figure 

4. The most prominent outlier AFLP loci with high frequencies uniquely at low elevations were 

aP11_2338 (population SS) and aP34_1606 (population SS). At high elevations, aP57_1778 (Population 

KW) was the most prominent outlier AFLP locus. No prominent outlier MSAP-m and MSAP-u loci with 

high frequencies at high elevations were found. Nonetheless, low elevation high frequencies outlier 

MSAP-m and MSAP-u loci were observed (MSAP-m: mP06_3469 [population SS], mP13_3840 



[population SS], m22_2673 [population SS], mP23_3967 [population SML], and mP32_2569 

[population ZL]; MSAP-u: uP04_2337 [population ZL], uP13_2407 [population ZL], and uP23_2377 

[population SS]). Additionally, there were also outlier AFLP, MSAP-m, and MSAP-u loci found to have 

high frequencies at the middle elevations between 1000 and 1400 m in the montane evergreen cloud zone. 

Medium frequencies outlier AFLP, MSAP-m, and MSAP-u loci were also commonly observed at 

different elevational ranges corresponding to different forest vegetation zones.  

 

Genetic and Epigenetic Differentiation 

AMOVA revealed similar levels of significant differentiation at all hierarchical structuring levels 

compared between the three datasets based on the total and the outlier data (Supplementary Table 5). 

AMOVA found high level of population differentiation based on both the total and the outlier data (Total 

data: AFLP ΦST = 0.1647; mMSAP-m ΦST = 0.1276; MSAP-u ΦST = 0.1554; Outlier data: AFLP ΦST = 

0.3579; mMSAP-m ΦST = 0.3217; MSAP-u ΦST = 0.3335). Additionally, significant levels of outlier 

genetic and epigenetic differentiation were also found among the three genetic clusters (AFLP: ΦCT = 

0.2944, P < 0.001; MSAP-m: ΦCT = 0.2494, P < 0.001; mMSAP-u: ΦCT = 0.2496, P < 0.001) and among 

populations within cluster (AFLP: ΦSC = 0.0900, P < 0.001; MSAP-m: ΦSC = 0.0964, P < 0.001; 

mMSAP-u: ΦSC = 0.1118, P < 0.001; Table 3). The average pairwise FST was 0.1327, 0.1116, and 0.1317, 

respectively, for AFLP, MSAP-m, and MSAP-u (Supplementary Table 6). 

 

Outlier Variation Explained by Environment and Geography and the Most Important 

Environmental Variables Influencing Outlier Variation 

Although PERMANOVA revealed no environmental difference across populations (P = 1), significant 

environmental differences between sample sites and between sample sites of different vegetation zones 

were found (Supplementary Table 7). Mantel test revealed significant isolation by distance (AFLP: 

Mantel R2 = 0.328, P = 0.0001; MSAP-m: Mantel R2 = 0.290, P = 0.0001; MSAP-u: Mantel R2 = 0.217, 

P = 0.0001) and significant isolation by elevation (AFLP: Mantel R2 = 0.274, P = 0.0001; MSAP-m: 

Mantel R2 = 0.319, P = 0.0001; MSAP-u: Mantel R2 = 0.130, P = 0.0001). Total explainable outlier 

genetic and epigenetic variations, in three environmental categories, were 16.24% (bioclimate), 26.49% 

(ecology), and 17.30% (topology) in AFLP; 11.39% (bioclimate), 23.01% (ecology), and 13.01% 

(topology) in MSAP-m; and 15.34% (bioclimate), 24.98% (ecology), and 14.74% (topology) in MSAP-

u; (Table 4), which were relatively small as compared to the amounts of unexplained variation (fraction 

[d]). In all three outlier datasets, pure ecological factors were the most influencing environmental 

variables contributing to genetic and outlier genetic and epigenetic variations (AFLP: 16.51%; MSAP-

m: 17.75%; and MSAP-u: 18.64%) in contrast to pure bioclimatic (AFLP: 6.27%; MSAP-m: 6.13%; and 

MSAP-u: 9.00%) and pure topological (AFLP: 7.33%; MSAP-m: 7.74%; and MSAP-u: 8.40%) factors. 

Additionally, ecological factors explained much larger proportion of outlier genetic and epigenetic 

variations than those explained by pure geography (AFLP: 16.51% vs. 3.91%; MSAP-m: 17.75% vs. 

3.88%; and MSAP-u: 18.64% vs. 4.37%). Nonetheless, outlier AFLP and MSAP-m variations can also 

be explained by geographically-structured environmental variables in all three categories. However, 

partial Mantel test controlling for geography revealed no significant Mantel correlation between 

bioclimate distance matrix with genetic and epigenetic distance matrices (Supplementary Table 8). 

Nonetheless, strong Mantel correlations were found between ecological distance matrix with that of 

genetic and epigenetic distance matrices. The strong Mantel correlation was also found between 

topological distance matrix with that of genetic and epigenetic distance matrices. 

We assessed the most important variables in each environmental category accounted for outlier genetic 

and epigenetic variations using forward selection (Blanchet et al., 2008). In AFLP, the most significant 

influential environmental variable was BIO1 (bioclimate), RH (ecology), and elevation (topology) 

(adjusted R2 = 5.04%, 12.04%, and 3.15%, respectively) based the outlier data (Table 5). In MSAP-m, 

the most significant influential environmental variable was BIO1 (bioclimate), WSmean (ecology), and 

slope (topology) (adjusted R2 = 2.91%, 6.45%, and 2.67%, respectively) based the outlier data. In MSAP-

u, the most significant influential environmental variable was BIO1 (bioclimate), RH (ecology), and 

slope (topology) (adjusted R2 = 4.24%, 7.37%, and 3.78%, respectively) based on the outlier data. 

 

DISCUSSION 

Patterns of Diversity and Differentiation 

Genetic diversity is greater for central than for marginal populations because conditions at the central 

portion of the range are optimal, but environments at the edges can be stringent (Lesica and Allendorf, 

1995). Populations located at the outer boundaries of the species' range genetic drift can be promoted, 

thereby reducing the genetic diversity and increasing the divergence from central populations (Kimura 

and Crow, 1964; Maruyama, 1970; Nei, 1973; Barrett and Schluter, 2008; Jump et al., 2009). However, 



generality of the abundant-center pattern across different taxonomic groups at different regions require 

testing. Strong migration can contribute to the level of intra-population genetic diversity (Maruyama 

1970; Nei 1973; Barrett and Schluter 2008; Jump et al., 2009). Our results of the level of uHE along 

elevational gradient in the present study are not consistent with the abundant-center hypothesis and higher 

levels of uHE can be found in the outer margin populations compared with that of central populations 

Table 2). This might have been related to the high rate of effective pollen dispersal among populations 

in wind-pollinated coniferous species that contribute genetic variation (Hamrick et al., 1992; Hamrick 

and Godt, 1996).  

  Genetic diversity in a population is the basis for evolution in a species that can result from the balance 

between gains of new mutations and drift-mediated loss of alleles (Kimura and Crow, 1964; Barrett and 

Schluter, 2008; Jump et al., 2009). Plants that occupy restricted geographic range are expected to have 

reduced level of genetic diversity. However, Ca. formosana distributed in a wider elevational range lower 

level of AFLP genetic diversity (average uHE = 0.146) was found compared with other Taiwan endemic 

conifers with narrower geographic distributions such as K. davidiana var. formosana (average uHE = 

0.233, Fang et al., 2013), Cu. konishii (uHE = 0.203, Li et al., 2019), and T. cryptomerioides (uHE = 0.236; 

Li et al., 2018). Moreover, the average levels of MSAP-m and MSAP-u diversities were also lower in 

Ca. formosana (MSAP-m uHE = 0.111, MSAP-u uHE = 0.105) than in Cu. konishii (MSAP-m uHE = 

0.216, MSAP-u uHE = 0.203; Li et al., unpublished data) and in T. cryptomerioides (MSAP-m uHE = 

0.155, MSAP-u uHE = 0.169). However, the comparison here may not be plausible because, for example, 

different amplification primers, different number of primer pairs, and different sample sizes used in these 

studies.  

Efficient migration can be the cause for the low degree of differentiation between subdivided 

populations (Maruyama, 1970; Nei, 1973) and the general realization in conifers is the high rates of 

effective pollen dispersal, resulting in low population differentiation (Hamrick et al., 1992; Hamrick and 

Godt, 1996). Relatively lower levels of the average pairwise FST were found for Taiwan endemic conifers, 

based on AFLP, such as T. cryptomerioides (= 0.041), Cu. konishii (= 0.102), and K. davidiana var. 

formosana (= 0.061, Fang et al., 2013) compared to average pairwise FST of Ca. formosana (= 0.1327) 

in the present study (Supplementary Table 5). The higher level of population differentiation in Ca. 

formosana might have been caused by the higher degree of drift-mediated allele loss (Kimura and Crow, 

1964; Barrett and Schluter, 2008; Jump et al., 2009) as well as environmentally driven divergence 

between populations (Tables 3 and 5). Although we do not have complete evidence for bottlenecks 

occurred in Ca. formosana, bottleneck events have been found in many plant species occurs in Taiwan 

before postglacial expansions, such as Cu. konishii (Hwang et al., 2003), Machilus thunbergii and M. 

kusanoi (Wu et al., 2006), and Musa basjoo var. formosana (Chen et al., 2017). Past bottleneck events 

can effectively cause reduction in sample size, loss of connectivity, increase genetic drift, and increase 

the possibility of inbreeding (Reed and Frankham, 2003). Nonetheless, recent bottlenecks can also play 

roles in reducing genetic diversity, such as R. oldhamii (Hsieh et al., 2013), probably inflicted by habitat 

fragmentation. Additionally, Ca. formosana populations as well as populations of Cu. konishii, of K. 

davidiana var. formosana, and of T. cryptomerioides predominantly displayed a pattern of significant 

departure from random association based on the measures of multilocus LD (IA and rD). The current 

reproductive mode of inbreeding is evident in these conifers (Fang et al., 2013; Li et al., 2018; Li et al., 

2019; Table 2) probably because of mating among genetically close individuals within populations. 

Moreover, divergent selection and/or immigrant inviability might have also contributed to the detection 

of multilocus LD (Kawecki and Ebert, 2004; Nosil et al., 2005; Jump and Peñuelas, 2006). Multilocus 

LD can lead to the loss of diversity due to increased drift (Wall et al., 2002). Drift-mediated loss of alleles 

might have been induced by the past and recent bottlenecks (Wall et al., 2002), increasing the levels of 

genetic and epigenetic diversities and decreasing the levels of genetic and epigenetic differentiation. The 

magnitude of loss of alleles might be higher in Ca. formosana populations compared with the other 

Taiwan endemic conifers. 

Nonetheless, PERMANOVA revealed differences in environmental conditions between sample sites 

(Supplementary Table 7) and between sample sites of different vegetation zones (reflecting three 

elevational zones, P = 0.001), suggesting that environmental variables might have played roles as 

selective drivers in contributing to population differentiation along elevational gradients. Additionally, 

evolutionary divergence can occur in the presence of gene flow (Wu, 2001) and the magnitude of 

migration might have a relationship with the probability of detecting adaptive divergence in these Taiwan 

endemic conifers. The number of environmentally dependent selective outliers among the four Taiwan 

endemic conifers mentioned might have a positive relationship with the level population differentiation. 

Moreover, the number of environmentally dependent selective outliers out of the total AFLP fragments 

scored were 0/1413 (0%, T. cryptomerioides, Li et al., 2018), 3/465 (0.65%, K. davidiana var. formosana, 

Fang et al., 2013), 15/482 (3.11%, Cu. konishii, Li et al., 2019), and 34/483 (7.04%, Ca. formosana, 



Table 3). It is worthy to note that more FST outliers were detected in the present study even a more 

stringent criterion (log10(PO) > 2) for outlier identification was employed in BAYSCAN as compared to 

the criterion of log10(PO) > 0.5 used in the other three previous studies. In general, we can summarize a 

pattern of lower level of genetic diversity corresponding to higher levels of genetic differentiation in 

these conifers. The relationship between the number of environmentally dependent selective outliers and 

the average pairwise FST in these conifers suggests that gene flow among environmentally distinct 

populations can be effective in homogenizing the locally adapted alleles and precluded the local adaptive 

divergence driven by natural selection (Kirkpatrick and Barton, 1997; Lenormand, 2002; Sexton et al., 

2014). 

  

Disentangling the Effect of IBE and IBD Explaining Adaptive Genetic and Epigenetic Variations 

Geography and environments can all be effective barriers to gene flow between populations (Wang et al., 

2013; Sexton et al., 2014; Reis et al., 2015; Antonelli, 2017; Feijó et al., 2019). These factors are not 

mutually exclusive and they are closely related directly or indirectly influencing the process of dispersal 

(Wang et al., 2013; Huang et al., 2016), and we are expecting to find geography and environment 

explaining the outlier genetic and epigenetic variations to a certain degree. In the present study, Mantel 

test revealed significant IBD based on the total data (AFLP, Mantel R2 = 0.185, P = 0.0001; MSAP-m, 

Mantel R2 = 0.192, P = 0.0001; MSAP-u, Mantel R2 = 0.104, P = 0.0001). However, mountains might 

have played no significant role as barriers to gene flow between populations located in the north and the 

south of the HMR because AMOVA showed a low level of differentiation between populations located 

between these two areas compared to a much higher level of differentiation across populations based on 

the total data of the three datasets (Supplementary Table 5).  

Variation partitioning controlling for geographic distance revealed significant amounts of outlier 

genetic and epigenetic variations explained by environmental variables (Table 4), and more importantly, 

ecological factors explained a relatively larger amount of outlier variation compared with bioclimatic 

and topological factors. Various environmental conditions can lead to fitness-related molecular 

adaptation to local conditions (Storz, 2010), reflecting in the levels of differentiation as revealed by 

AMOVA based on three environmentally dependent outlier datasets (AFLP, ΦST = 0.3579; MSAP-m, 

ΦST = 0.3217; MSAP-u, ΦST = 0.3335; Supplementary Table 5). Additionally, forward selection based 

on the outlier genetic and epigenetic variations found that the most important variables in the three 

environmental categories are BIO1, RH, and elevation for outlier AFLP loci; BIO1, WSmean, and slope 

for outlier MSAP-m loci; and BIO1, RH, and slope for outlier MSAP-u loci (Table 5). For those 

environmental variables explaining more than 5% of outlier genetic and epigenetic variations were, 

respectively, BIO1, RH; and SunH; WSmean and SunH; and RH and SunH, for AFLP, MSAP-m, and 

MSAP-u.   

Temperature is found to be the main cause for the increase in genetic divergence and speciation rate 

(Strasburg et al., 2012). It is commonly found that temperature plays a prominent role as a selective driver 

for adaptive divergence in various plant species (Bothwell et al., 2013). Temperature was also found to 

be one of critical environmental variables shaping adaptive divergence underlying local adaptation in 

plant species occur in Taiwan, such as Rhododendron oldhamii (Hsieh et al., 2013; Huang et al., 2015b), 

Salix fulvopubescens (Huang et al., 2015a), K. davidiana var. formosana (Shih et al., 2018), and Cu. 

konishii (Li et al., 2019). In Ca. formosana, annual mean temperature might have also played a crucial, 

but minor role involved in adaptive divergence (AFLP: adjusted R2 = 0.0504; MSAP-m: adjusted R2 = 

0.0291, and MSAP-u: adjusted R2 = 0.0424; Table 5) compared to ecological factors such as RH and 

WSmean (AFLP: RH, adjusted R2 = 0.1204; MSAP-m: WSmean, adjusted R2 =0.0645; and MSAP-u: 

RH, adjusted R2 = 0.0737). Topographic factor includes aspect and slope were known to be important 

predictors for forest microclimate (Rosenberg et al., 1983; Bennie et al., 2008; Brousseau et al., 2015) 

and played roles in contributing to intra and inter-species adaptive divergence (Nakazato et al., 2010; 

Monahan et al., 2012; Brousseau et al., 2015; Manel et al., 2010, 2012; Bothwell et al., 2013; Huang et 

al., a and b; Huang et al., 2016). In the present study, significant isolation by elevation (AFLP, Mantel R2 

= 0.257, P = 0.0001; MSAP-m, Mantel R2 = 0.185, P = 0.0002; MSAP-u, Mantel R2 = 0.085, P = 0.0011) 

was found based on the outlier genetic and epigenetic data in relation to elevational difference using a 

Mantel test. However, the elevational difference in meters cannot be the causal factor in driving 

population adaptive divergence (Körner, 2007). It is likely that adaptive divergence in Ca. formosana 

could have been invoked by the combination of environmental variables that are altitudinally associated, 

rather than simply the elevational difference.  

Additionally, we found RH and SunH for outlier AFLP (cumulative adjusted R2 = 0.1893); WSmean 

and SunH for outlier MSAP-m (cumulative adjusted R2 = 0.1233); and RH and SunH for outlier MSAP-

u (cumulative adjusted R2 = 0.1402) could be the most important ecological factors driving adaptive 

genetic and epigenetic variations in Ca. formosana. Higher relative humidity at the surface of vegetation 



is related to the warmer ambient temperature, which can hold moisture in the air and is related to water-

use efficiency in plants, including conifers (Zheng et al., 2005; Hatfield and Dold, 2019) and can be 

genetically related (Dalling et al., 2016; Wieser et al., 2016; Hatfield and Dold, 2019). Close relationship 

between sunshine hours and air temperature has also been reported (Matuszko and Weglarczyk, 2015). 

Monsoon causing mean wind speed differences apart from climatic factors across the landscape of 

Taiwan could be an important factor determining vegetation in different altitudinal and geographic 

regions (Chiou et al., 2010; Li et al., 2013). Lastly, variation partitioning also revealed significant 

amounts of outlier genetic and epigenetic variations explained by geographically structured 

environmental conditions (Table 4), indicating that spatially shaped latent environmental variables also 

have had active roles invoking adaptive genetic and epigenetic divergences in Ca. formosana (c.f. Huang 

et al., 2015a and b; Huang et al., 2016; Li et al., 2018; Li et al., 2019).  

 

Local Adaptations in Elevational Leading- and Trailing-Edge Populations  

The amount of genetic diversity, the strength of natural selection, and the extent of gene flow can all 

influence the probability of the occurrence of local adaptation (Hoffman and Sgrò, 2011). Local 

adaptation can occur responding to conditions in different parts of a species' distribution range and 

adaptive potential in elevational edges is particularly important for species' contraction and expansion 

following climate change (Byars et al., 2007; Leimu and Fischer, 2008; Hereford, 2009; Chen et al., 2014; 

Zhang et al., 2019). However, central populations can also be vulnerable in the face of global climate 

change (Bennett et al., 2015). Our results of finding high frequency outlier loci at high- and low-

elevations (Figure 4) are in consistent with findings of evolutionary adaptation occur in leading- and 

trailing-edge populations of species shifting their ranges because of warming (Chen et al., 2014; Rödin-

Mörch et al., 2019). Although no outlier loci with high frequencies at high elevations were found, several 

outlier MSAP-m and MSAP-u loci are beginning to accumulate their frequencies at high elevation 

populations, suggestive of an ongoing process of these outliers accumulating frequencies as selective 

drivers persist at local scales. Nonetheless, we did not find high frequency outlier loci specifically at the 

populations of extreme latitudinal ends of Ca. formosana distribution range for all three datasets 

(Supplementary Figure S3). 

Biogeographical as well as ecological factors can affect the level of diversity within and among 

populations. Forest upward migration of 1,500 to 1,600 m in Taiwan since the last glacial maximum 

(LGM) has been reported (Liew and Chung, 2001) and mountain plants experienced an upward migration 

of ca. 3.6 m yr-1 during the last century has also been reported (Jump et al., 2012). Nonetheless, numerous 

species and genera continued to grow at the same latitude even though suitable habitats would have been 

reduced when forest species distributions shifted upward to a different range of elevations in response to 

postglacial climatic warming (Liew and Chung, 2001). It is probable that high elevation populations 

(populations KW and SKL) are recently colonized because of distribution range shifting upward, and 

they encountered ecological discontinuity invoking the evolution of environmentally associated genetic 

and epigenetic variations underlying local adaptation. The trailing-edge populations persisted at low 

elevations environmentally dependent genetic and epigenetic variations can also be evoked (Byars et al., 

2007; Leimu and Fischer, 2008; Hereford, 2009; Chen et al., 2014; Zhang et al., 2019). 

 

Conclusions 

For plants with limited dispersal capabilities, global climate change may compound the risk of extinction 

because of loss of the unique genetic diversity at leading- and trailing-edge populations. However, strong 

migration may also cause the break-up of locally adapted gene complex. Nonetheless, increased 

divergence associated with environmental variables at the edge populations may provide insight into the 

adaptive evolution of species. Here, we found no evidence of genetic and epigenetic diversities in 

consistent with abundant central hypothesis. Lower levels of genetic and epigenetic diversities and higher 

levels of genetic and epigenetic divergence were found compared with three other Taiwanese coniferous 

species. A higher portion of genetic and epigenetic loci were found to be environmentally dependent 

compared with three other Taiwan endemic conifers. Additionally, our results revealed the associations 

of high frequency outlier loci with ecological factors, including relative humidity, mean wind speed, and 

sunshine hours, particularly in the leading- and trailing-edge populations. These ecological factors could 

have been the major drivers for adaptive divergence in Ca. formosana. The effects of ecologically-driven 

adaptive divergence could be most profound in Ca. formosana compared to other Taiwan endemic 

conifers such as Cu. konishii, K. davidiana var. formosana, and T. cryptomerioides. This study can 

provide a fundamental information useful for assisted migration program of Ca. formosana in the future 

conservation of this species. Results of the present and the previous studies regarding to several 

coniferous species occur in Taiwan (Fang et al., 2013; Li et al., 2018; Li et al., 2019) provide insight into 

the interplay of random drift and environments in shaping genetic and epigenetic differentiation 



underlying local adaptation.  
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Figure Legends 

Figure 1. Geographic distribution of the 11 populations of Cunninghamia konishii occur in Taiwan. See 

Table 1 for abbreviations of the 11 populations of C. konishii. 

 

Figure 2. Individual assignments of 115 individuals from 11 populations of Cunninghamia konishii 

analyzed using LEA. The clustering scenarios for K = 2–4 were displayed. The subpanels display results 

analyzed based on the (A) AFLP, (B) MSAP-m, and (C) MSAP-u datasets, respectively.  

 

Figure 3. Clustering results analyzed using discriminant analysis of principal components (DAPC). (A) 

AFLP, (B) MSAP-m, and (C) MSAP-u.  

 

Figure 4. Barriers to genetic exchange identified using Monmnier’s algorithm. The level of physical 

barrier effects of gene flow were represented by the thickness of blue lines. See Table 1 for abbreviations 

of the 11 populations of C. konishii. 

 

Figure 5. Heatmap of allele frequencies of the 46 outlier loci identified. The sequence of populations 

was arranged according to (A) latitude or (B) longitude.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. Site properties of the sampled Calocedrus formosana populations including 

the number of genetic and epigenetic private alleles. 

N, Number of samples; Np, number of private allele. 

Numbers in parentheses are the standard deviation for average values of the number 

of private allele. 

FIS, inbreeding coefficient estimated using the f-free model of the HICKORY program 

MEC, montane evergreen cloud (800-1400 m); MMC, montane mixed cloud 

(1400m~), SE, submontane evergree (0-800 m) 

https://davidzeleny.net/blog/2019/09/26/massenerhebung-effect-in-taiwan/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Locality Latitude/Longitude Altitude 

(m) 

N Forest 

vegetation 

zone 

FIS  Number of private allele (PA) 

       AFLP MSAP-m MSAP-u 

BSS 24.18555/121.0386 1352 28 MEC 0.509 (0.026, 0.977)  24 8 3 

CL 24.64227/121.4458 1136 10 MEC 0.497 (0.029, 0.976)  4 40 4 

FCH 23.50638/120.7006 1518 23 MMC 0.508 (0.024, 0.977)  5 26 3 

HS 24.06833/121.0361 1243 17 MEC 0.497 (0.026, 0.974)  7 13 13 

KW 24.50111/121.1103 2155 14 MMC 0.506 (0.029, 0.977)  20 33 14 

SKL 24.56111/121.1936 2209 30 MMC 0.506 (0026, 0.976)  12 18 15 

SLS 23.52777/120.9208 1220 12 MEC 0.505 (0.026, 0.975)  9 13 1 

SML 23.85138/120.9394 859 20 MEC 0.505 (0027, 0.978)  4 27 10 

SS 24.82750/121.4456 436 7 SE 0.505 (0.028, 0.975)  1 2 0 

TC 24.24666/121.1622 1498 35 MMC 0.499 (0.026, 0.971)  61 32 33 

WL 24.92444/121.7267 562 15 SE 0.498 (0.025, 0.975)  0 23 2 

ZL 23.94138/120.8244 868 32 MEC 0.498 (0.024, 0.979)  4 37 17 

Total   243    151 272 115 

Average   20.3     12.6 

(16.9) 

22.7 

(12.0) 

9.6  

9.6) 

https://davidzeleny.net/blog/2019/09/26/massenerhebung-effect-in-taiwan/


Table 2. Population genetic and epigenetic parameters of the sampled populations of Cunninghamia konishii. 

Population AFLP  MSAP-m  MSAP-u 

 %P uHE 

(SE) 

IA  

(P) 

rD 

(P) 

 %P uHE 

(SE) 

IA  

(P) 

rD 

(P) 

 %P uHE 

(SE) 

IA  

(P) 

rD 

(P) 

BSS 40.5 0.138 

(0.008) 

1.919 

(0.001) 

0.0101 

(0.001) 

 29.2 0.098 

(0.005) 

1.624 

(0.001) 

0.0047 

(0.001) 

 27.7 0.091 

(0.008) 

1.083 

(0.001) 

0.0082 

(0.001) 

CL 50.8 0.172 

(0.009) 

3.530 

(0.001) 

0.0198 

(0.001) 

 51.9 0.134 

(0.005) 

5.735 

(0.001) 

0.0137 

(0.001) 

 38.2 0.117 

(0.009) 

1.056 

(0.007) 

0.0086 

(0.007) 

FCH 36.6 0.104 

(0.007) 

1.586 

(0.001) 

0.0117 

(0.001) 

 25.8 0.094 

(0.005) 

2.371 

(0.001) 

0.0072 

(0.001) 

 27.7 0.094 

(0.008) 

0.627 

(0.004) 

0.0050 

(0.004) 

HS 39.6 0.135 

(0.008) 

2.302 

(0.001) 

0.0143 

(0.001) 

 30.5 0.101 

(0.005) 

3.673 

(0.001) 

0.0107 

(0.001)  

 34.7 0.108 

(0.008) 

2.189 

(0.001) 

0.0135 

(0.001) 

KW 43.7 0.175 

(0.009) 

5.836 

(0.001) 

0.0262 

(0.001) 

 34.6 0.122 

(0.005) 

4.962 

(0.001) 

0.0122 

(0.001) 

 27.7 0.114 

(0.009) 

1.419 

(0.001) 

0.0091 

(0.001) 

SKL 45.8 0.159 

(0.009) 

2.897 

(0.001) 

0.0129 

(0.001) 

 32.4 0.109 

(0.005) 

4.659 

(0.001) 

0.0120 

(0.001) 

 29.5 0.099 

(0.008) 

2.054 

(0.001) 

0.0131 

(0.001) 

SLS 42.6 0.159 

(0.009) 

1.295 

(0.002) 

0.0077 

(0.002) 

 30.3 0.127 

(0.006) 

1.610 

(0.001) 

0.0052 

(0.001) 

 27.2 0.104 

(0.009) 

0.187 

(0.198) 

0.0018 

(0.198) 

SML 39.4 0.125 

(0.008) 

1.107 

(0.001) 

0.0072 

(0.001) 

 34.8 0.114 

(0.005) 

2.706 

(0.001) 

0.0071 

(0.001) 

 37.6 0.116 

(0.009) 

1.853 

(0.001) 

0.0129 

(0.001) 

SS 43.5 0.153 

(0.009) 

0.423 

(0.124) 

0.0035 

(0.124) 

 31.5 0.109 

(0.006) 

3.079 

(0.001) 

0.0128 

(0.001) 

 27.7 0.110 

(0.009) 

0.915 

(0.016) 

0.0115 

(0.016) 

TC 42.3 0.154 

(0.009) 

17.779 

(0.001) 

0.0710 

(0.001) 

 29.2 0.102 

(0.005) 

4.157 

(0.001) 

0.0105 

(0.001) 

 28.6 0.107 

(0.008) 

5.821 

(0.001) 

0.0030 

(0.001) 

WL 41.0 0.145 

(0.009) 

0.797 

(0.001) 

0.0051 

(0.001) 

 31.4 0.113 

(0.005) 

5.053 

(0.001) 

0.0148 

(0.001) 

 25.7 0.097 

(0.008) 

1.443 

(0.001) 

0.0132 

(0.001) 

ZL 39.1 0.135 

(0.008) 

3.641 

(0.001) 

0.0190 

(0.001) 

 30.8 0.108 

(0.005) 

2.097 

(0.001) 

0.0053 

(0.001) 

 29.8 0.107 

(0.008) 

1.419 

(0.001) 

0.0095 

(0.001) 

Avergae  42.1 0.146 

(0.006) 

   32.7 0.111 

(0.003) 

   30.2 0.105 

(0.002) 

  

%P, the percentage of polymorphic loci; uHE, the biased expected heterozygosity. IA, index of association; rD, modified index of association.  

 

 
 
 



Table 3. Potential outliers associated with environmental variables (relocate in supplements, but incorporate the outlier for 3 clusters) 

Locus Bayescan Dfdist   Samβada, LFMM, rstanarm 

  log10 (PO)  P-value   Bioclimate   Topology   Ecology 

        BIO1 BIO7 BIO12 BIO18   Aspect Elevation Slope   fPAR NDVI RainD RH Soil pH SunH Wsmean 

AFLP                    

aP11_1650 1000   a,B,*** b b a,B,***   a,B a,***  B   a,B,***  a,B a,b 

aP11_1963  0.0016           b    b   

aP11_1984 6   * *  B,***    ***  B  *** B,*** b B,*** *** 

aP11_2003 2.8713   *  b a,b,***    ***  b,* **  a,B,*** *  a 

aP11_2338 5.5229   ***   a,b,***    *  B  *** a,B,***  b,* a,* 

aP11_4330 1000   a,***   a,b,***  *** B   B  * a,B,***   a,b 

aP24_1967 2.0054   a,B,*** b,*     a,B,***    a,B    a,B,*  

aP24_3746 3.8664   B,*   b,**  a,*** b a,B,***  B   a,B,*** b b,* a,b 

aP28_2334  0.00885           b,** * b     

aP28_2402  0.00855   b        B       

aP28_2996  0.0022   b            b   

aP34_1606 1000   *** a,B,*** b b      B  *** a,B,***  a,B *** 

aP34_1681 2.501   a,B,*** b,*  *   a,b,*** *   a,***  *** * a,B  

aP34_1762 3.1609   a,B,*** B b   * a,B,** a,B,***  b  *** a,B  *** a,B,*** 

aP34_2113 1000   a,B,*** a,b,*** b b  *    B,* a,***  a,B,*** b,* a ** 

aP34_2507 1000   a,*** a,B,* a,b    * *  a,** a,* b a,B,*** b,*** a,B,*** a,b 

aP34_2811 1000   * a b       b,* * b a,b,** b,*** a,B,***  

aP34_3008 2.0686   a,***     b,*** a,B,***   b,* a,*** b,*  *   

aP35_2157  0.0068  B   b   b     *  b b,*** * 



aP35_2216 3.0748    B,***  ***  b b **  b  b,*** ** a,B,*** a,B,***  

aP38_2271 1000   a,***   **  * a,B,* a  B   a,B,***  * a,b,*** 

aP47_2218  0.0094  *  b    b     b b    

aP47_2470  0.0015        b   b   b    

aP47_3520 1000   a,B,*** ***    *** a,B,***   * a,***  *** b,** a,b * 

aP49_1747 1000   B,***   b,***  a,*** b   a,B  * a.b,*** b  a,b 

aP49_2083 1000   *** a,b,*** a,b   *  ***  a,b a  a,**  a,B,**  

aP49_2597 5.1549   a,B,*** *** *   b,*** a,b,*** *   a,*** b *** ***  ** 

aP49_2698 3.1287   ** b  *      B  b,* a,B,***   a,b 

aP55_1661  0.00195     b      b       

aP55_1883 1000   *** b    * ** ***  * a  a  a,b,*** a* 

aP56_1840 5.301      a,B,***    a,***   a,B * a,B,*** b,** a,B,*  

aP57_1778 1000   * b    *  *  b,*** *  * b a,*** b 

aP57_2129 4.1426   a,B,***   b   a,B,***   b,*** *** b,* a,b,*** ***  * 

aP57_3127 2.152    b      ***  b,*** ***  b b a,b  

                    

MSAP-m                    

mP01_3114 2.5826   a,B,*** b b b  *** a,b,*** b  a,b   a,B  B a,B,*** 

mP01_3594 3.2531   a,B,*** b b *  b    B b  a,B * B,*** a,B 

mP04_1607  0.0071       b           

mP04_1934  0.00525    b   b b   b       

mP04_2337 3.2804    B b b  ***  **  B b b B b B,*** a,B,*** 

mP04_2608 1000   B,*** B b a,B,***    *  b,*** B,***  a,B,***  * B 

mP04_3056 1000   b,*** B    b,*** *** ***  b a  a,B b *** a,B,** 



mP06_2435 3.59   B,***  b   b,**  b   *** B * B a,*** b,* 

mP06_2526 5.0969   B,***  B b    b   *** a,B *** B a,*** *** 

mP06_2586 4.3279   B  B   b,*  b,*   *** b b,* B a,*** *** 

mP06_3469 1000    a,B a,B,* *  b,*** B b,***  B  a,B,*** a,B,* *** B,* a,B 

mP11_1724  0.00175  b   b       b,*      

mP11_1823  0.0069  b          b     b 

mP11_2049  0.0012  B b    b  b   b  b   b 

mP13_1935  0.006    b B   b    b  b    

mP13_3840 3.2714    B,***        B,* a,B * B  B B 

mP22_1548  0.0074  b                

mP22_1924  0.0049       b           

mP22_1961 3.1659   B  b       b b b ***   a,B,*** 

mP22_2223  0.00215       b           

mP22_2603 3.1571   B,*   B,***   b *  B,*  B * B a,* * 

mP22_2673 2.1238   B,*** ***  b    a,b,***   b  a,B,*** *  B 

mP22_3264  0     b       b      

mP22_3471  0.00685  b,** B    b       b  b b 

mP23_2338 5.5229   B,*** * *** B    a,B,***  b a b a,b,*** b a,*** *** 

mP23_2377 2.8104    B,* a,b b  * b ***  *** a,b,** a,b,* b B a,B,*  

mP23_2431 2.0649      B  b B **  b * * a,b B  a,b 

mP23_2941 1000   a,B,***   b,*    a,B,***   * B a,***  *** b,** 

mP23_3967 3.08   b,*** B    a,***  *   a,***  *  B b 

mP32_1611 2.2437   a,B,*** B     a B  b,* b * a,B b B,*** B,*** 

mP32_1638  0.0057    b        *  b    



mP32_1818 3.2854   a,B,***     B a b,**  * B *** a,B b,* *** B,* 

mP32_2177 2.4935   B  b b  b  b  B b    *** b 

mP32_2569 1000   a,B,*** B     a a,b,***  * B * a,B  *** a,B,*** 

mP32_4287 1000   a,B,*** B    b,*** a,b,***   a,b a b,*** a,B b,* *** a,b,*** 

mP32_4412 1000   b,*** b    b  B  b b  a,B B b,*** a,B 

mP33_1656 4.1023   B,*** a,B,***    *** b   b a,b,**  a,B,*** b a,B b 

mP33_1779 1000   b,*** B,*    ***  ***  a,B a  a,B,* B a,b,* a,B 

mP33_1889 2.7909   ***     ** *** *  b,* a,b,* * B B * b,*** 

mP33_2077 4.6198    B,*    * b ***  *** ***  B B * b,** 

mP33_2188 1000    a,B,*    b  ***  *** a,b,***  B,*** b a,b,*** b 

mP33_2370 2.4403   a,b,*** b    b a,b,*** ***  b,*** ** ** B b * b 

mP33_2397 1000   *** B,***    b * ***  *** a,***  B b a,*** b,* 

mP33_2430 1000   a,b,*** b    * a,b,*** *  b  *** a,B  *** a,B,*** 

mP33_2554 1000    b,***    *  **  *** ***  B,*** b,*** a b 

mP33_2636 1000    a,B,**    * B ***  *** *** a,*** B,*** b,*** a b 

mP33_2664 1000    a,B,*** a,b   *** b ***  B a a,B,* a,B,* b a,B,*** a,B 

mP33_3176 3.6497   ** *    *** b   *** b,***  a,B,* b  B 

mP36_1659 1000   b,* b a,B a,B,***  *  a,***   a,b,* a,B * B,** a,B,*** ** 

mP36_3597 1000   a,B,*** B,**    b,*** a,*** *  a,b a * a,B b,* b,*** a,b,** 

mP36_3759 1000   B,*** B a,b,* a,B,***    a,b,***  b a,* a,B,* a B,** a,***  

                    

MSAP-u                    

uP01_1645 1000   a,*** b  b,***  a,b,*** b b    B,* a,B,***  b a,B 

uP01_3300  0.0026              b   b 



uP04_1607 2.7898   *** *** B,*** B    ***  a,B,*** a,b,***  *** *** b,* B,*** 

uP04_2005  8.00E-04    B            b,*  

uP04_2220 2.4872   ** *    B,***     * ** a,b,***  b b,** 

uP04_2337 1000   a,***  a b  b,*** a,*** ***  a a,B *** a b,* a,B,*** a,B,*** 

uP06_2114 2.8967   b  b b       ** a,b ** b a,B,*** ** 

uP06_2725 3.171   B,***   b,***    b,*   ** a *** b a,b,*** *** 

uP06_2955 2.8929   b,***  B a,B,***   b B,*     a,B,*** * b,*** a,B,*** 

uP11_1518  0.0063   b b           b B  

uP11_2397 2.6173   a,***     ** a,***    a,b,***  a,B,*   a,b 

uP11_2731  0.00765            B      

uP13_1712  0.0085   B     b   b      * 

uP13_2407 2.1237   B,*  B a,B,*  B,* B b  b,* b *** b,***  b,*** *** 

uP13_2955 4.0555    b * a,***    **  a,B a,B,***  b,*** b * *** 

uP22_2301 5.2218   a,B,*** b  ***  b,* a,B,*** b   b,***  a,B,***   b 

uP23_1949  0.00185    b          b b   

uP23_2338 1000   *** b,* *** b,*    a,B,***   a  a,***  a,b,*** *** 

uP23_2377 2.2008    b,**  b    ***  ** * a,** b b a,B,*  

uP32_2177 3.5621                 *** b 

uP32_2569 1000   a,b,*** b  *  b a,B a,b,***     a,B,***  * a,B 

uP33_1802 3.6179   * b  b    a,b,***     ***  a,B,*** *** 

uP33_1861 1000   * a,b,*** a     ***  ***   b *** a,B,***  

uP36_1659 1000    b a,b a,B,***  *  a,B,***   a,b,* a ** b,*** a,B,*** * 

uP36_1889  0.00425    b B  B      B  B   

uP36_3759 1000     *** b a,* a,b,***       a,B,***     a,* a,** a b,** a,***   



 
Table 4. The percentage of variation explained in outlier genetic and epigenetic loci accounted for by non-geographically-structured environmental variables [a], shared 

(geographically-structured) environmental variables [b], pure geographic factors [c], and undetermined component [d] analyzed based on the eight retained environmental 

variables. (put to supplements) 

 

  Bioclimate  Ecology  Topology 

  Adjusted R2 F P  Adjusted R2 F P  Adjusted R2 F P 

AFLP             

[a]  0.0627 5.49 0.001  0.1651 8.70 0.001  0.0733 7.64 0.001 

[b]  0.0628 - -  0.0607 - -  -0.0044 - - 

[c]  0.0369 6.25 0.001  0.0391 7.25 0.001  0.1042 12.79 0.001 

[a + b + c]  0.1624 8.82 0.001  0.2649 10.69 0.001  0.1730 8.66 0.001 

[d]  0.8376    0.7351 - -  0.8270 - - 

             

MSAP-m             

[a]  0.0613 5.14 0.001  0.1775 8.90 0.001  0.0774 7.16 0.001 

[b]  0.0152 - -  0.0138 - -  -0.0099 - - 

[c]  0.0374 6.03 0.001  0.0388 6.92 0.001  0.0625 7.40 0.001 

[a + b + c]  0.1139 6.18 0.001  0.2301 9.04 0.001  0.1301 7.37 0.001 

[d]  0.8861 - -  0.7699 --   0.8699 - - 

             

MSAP-u             

[a]  0.0900 7.38 0.001  0.1864 9.52 0.001  0.0840 8.39 0.001 

[b]  0.0220 - -  0.0197 - -  -0.0077 - - 

[c]  0.0414 6.81 0.001  0.0437 7.84 0.001  0.0711 8.65 0.001 

[a + b + c]  0.1534 8.31 0.001  0.2498 9.95 0.001  0.1474 8.76 0.001 

[d]  0.8466 - -  0.7502 --   0.8526 - - 

Proportions of explained variation were obtained from variation partitioning by redundant analysis. F and P values are specified for testable fractions. Fraction [b] is untestable 

because the adjusted R2 value was obtained by subtraction ([a + b + c]-[a]-[c]) rather than by estimation. 

 

 

 

 



Table 5. Environmental variables selected by a forward selective procedure explaining outlier genetic 

and epigenetic variations in Calocedrus formosana   

 
 Environmental 

Variables 

Adjusted R2 Cumulative 

adjusted R2 

F statistic P value 

AFLP      

Bioclimate BIO1 0.0504 0.0504 13.85 0.001 

 BIO7 0.0494 0.0998 14.23 0.001 

 BIO18 0.0246 0.1244 7.73 0.001 

      

Ecology RH 0.1204 0.1204 34.13 0.001 

 SunH 0.0689 0.1893 21.48 0.001 

 NDVI 0.0083 0.1976 3.49 0.001 

 Soil pH  0.0080 0.2056 3.03 0.001 

 fPAR 0.0070 0.2126 3.11 0.001 

 RainD 0.0068 0.2194 3.44 0.001 

      

Topology Elevation 0.0315 0.0315 8.87 0.001 

 Slope 0.0223 0.0538 6.67 0.001 

      

MSAP-m      

Bioclimate BIO1 0.0291 0.0291 8.25 0.001 

 BIO7 0.0267 0.0558 7.81 0.001 

 BIO18 0.0195 0.0753 6.06 0.001 

      

Ecology WSmean  0.0645 0.0645 16.12 0.001 

 SunH 0.0588 0.1233 18.74 0.001 

 RH 0.0210 0.1443 6.89 0.001 

 NDVI 0.0188  0.1631 5.26 0.001 

 fPAR 0.0150 0.1781 6.43 0.001 

 RainD 0.0084 0.1865 3.44 0.001 

      

Topology Slope 0.0267 0.0267 7.64 0.001 

 Elevation 0.0217 0.0484 6.48 0.001 

      

MSAP-u      

Bioclimate BIO1 0.0424 0.0424 10.50 0.001 

 BIO18 0.0384 0.0808 11.97 0.001 

 BIO7 0.0294 0.1102 8.79 0.001 

      

Ecology RH 0.0737 0.0737 20.24 0.001 

 SunH 0.0665 0.1402 19.66 0.001 

 WSmean 0.0227 0.1629 7.51 0.001 

 NDVI 0.0200 0.1829 6.84 0.001 

 fPAR 0.0121 0.1950 4.59 0.001 

 RainD 0.0071 0.2021 3.10 0.001 

 Soil pH 0.0040 0.2061 2.19 0.001 

      

Topology Slope 0.0378 0.0378 10.51 0.001 

 Elevation 0.0226 0.0604 6.78 0.001 

 
 

 

 

 

 

 



 

Fig. 1 

 

 

 

 

 

 

 

 

 

 

 



 

 

Fig. 2 

 

 

 

 

 

 

 

 

 



 

 

Fig. 3 

 

 

 

 



 

 

Fig. 4 

 

 

 

 



Supplementary Table 1. Primer combinations, number of markers, and error rate per locus in AFLP and MSAP techniques 

 
 

AFLP    MSAP 

Primer number and 

combination 

Number of 

markers 

Error rate 

(%) 

 
Primer number and 

combination 

Number of  

markers  

MSAP-m 

marker 

MSAP-u 

marker 

Error rate (%) Combined 
error rate 

(%)  HpaII MspI 

1 E00AAC+M00ACT 41 4.98  1 E00AAC+HM00ACT 82 81 38 2.55 2.59 5.01 

2 E00TAA+M00CTCCA 33 4.82  2 E00AAC+HM00GCA 74 72 39 2.41 2.47 4.77 

3 E00TAA+M00CTGAA 41 4.86  3 E00AAC+ HM00GC 72 72 35 2.77 2.41 5.05 

4 E00TAA+M00GAT 33 4.98  4 E00AAC+HM00CGT 91 90 47 2.46 2.28 4.63 

5 E00TAA+M00GCA 20 4.86  5 E00CTA+HM00ACT 98 97 42 2.42 2.50 4.80 

6 E00TAA+M00GGT 35 4.85  6 E00CTA+HM00TGT 89 89 34 2.77 2.77 5.40 

7 E00TCA+M00CTCTC 53 4.87  7 E00CTA+HM00CGT 91 91 41 2.77 2.77 5.40 

8 E00TCA+M00CTGAA 53 4.99  8 E00TAG+HM00TA 70 68 21 2.41 2.77 5.05 

9 E00TCA+M00GAT 34 4.93  9 E00TAG+HM00TC 81 80 23 2.77 2.77 5.40 

10 E00TCA+M00GCA 32 4.88  10 E00TAG+HM00ATC 84 79 26 2.56 2.77 5.19 

11 E00TCA+M00GCG 62 4.98         

Average 39.7 (12.0) 4.91   83.2 (9.2) 81.9 (9.6) 34.6 (8.7) 2.59 2.61 5.07 

E00 (5’-GACTGCGTACCAATTC-3’) 
M00 (5’-GATGAGTCCTGAGTAA-3’) 

HM00 (HpaII-MspI, 5’-ATCATGAGTCCTGCTCGG-3’) 



 
 
Supplementary Table 2. Site environmental variables of the eight populations of Cunninghamia konishii. See Table 1 for abbreviations of the 

eight populations of C. konishii. 

 Bioclimate  Topology  Ecology 

Population BIO1 BIO7 BIO12 BIO18  Aspect Elevation Slope  fPAR NDVI RainD Soil pH RH SunH WSmean 

BSS 149 166 2484 986  200.3 1352 31.5  0.89 0.8 10.7 4.4 78.2 157.5 2.9 

CL 157 172 2650 1091  175.9 1136 44.2  0.9 0.85 13.4 3.5 78.7 117.3 2.4 

FCH 152 160 3040 1515  239.5 1518 29.5  0.87 0.84 11.5 4.5 82.4 131.1 2 

HS 169 163 2394 867  77.7 1243 41.4  0.8 0.83 11.3 6.5 78.8 158.7 2.7 

KW 117 168 2757 1044  108.4 2155 30.7  0.91 0.86 9.9 4.6 78.1 133 2.5 

SKL 111 168 2792 1022  334.2 2209 32.9  0.91 0.85 10.5 4.8 78.2 125.4 2.5 

SLS 169 157 2128 1024  78.9 1220 35.5  0.89 0.8 12.2 4.6 76 157.3 4.8 

SML 196 167 2230 892  317.6 859 30.3  0.4 0.71 12 4.5 81.2 143.3 1.2 

SS 202 186 2959 1140  51.3 436 36.1  0.91 0.87 13.4 5.1 78.1 113.8 2.4 

TC 141 165 2467 979  335.7 1498 42.8  0.75 0.72 10.8 4.6 77.9 143.9 2.3 

WL 185 179 3655 1103  312.8 562 13  0.86 0.82 14.7 4.7 79.2 116.3 2.3 

ZL 191 167 2427 999  337.4 868 26  0.9 0.81 11.4 4.9 80.3 142.4 1.5 

 

 
 



Supplementary Table 3. Summary of Tukey’s post-hoc pairwise population 

comparisons of the mean unbiased expected heterozygosity using linear mixed effect 

model. In linear mixed effect model, populations were treated as fixed effect and 

locus as a random effect. 

 

  AFLP    MSAP-m    MSAP-u  

Population Difference t P  Difference t P  Difference t P 

Population            

BSS- CL -0.03229 -4.398 0.0007  -5.87E-02 -11.166 <.0001  -0.02482 -3.006 0.1071 

BSS- FCH 0.030254 4.12 0.0023  6.89E-03 1.311 0.978  0.00658 0.796 0.9997 

BSS- HS 0.006906 0.941 0.9987  -1.13E-02 -2.14 0.5937  -0.02833 -3.432 0.0299 

BSS- KW -0.04296 -5.851 <.0001  -3.97E-02 -7.542 <.0001  -0.02728 -3.304 0.045 

BSS- SKL -0.01828 -2.489 0.3471  -1.46E-02 -2.778 0.1897  -0.0051 -0.618 1 

BSS- SLS -0.00887 -1.208 0.9884  -9.25E-03 -1.76 0.8398  0.00339 0.411 1 

BSS- SML 0.01263 1.72 0.8594  -1.48E-02 -2.816 0.1732  -0.01641 -1.988 0.7018 

BSS- SS 0.007532 1.026 0.9971  3.47E-03 0.661 1  0.00191 0.232 1 

BSS- TC -0.01584 -2.157 0.5816  -5.44E-03 -1.034 0.9969  -0.01998 -2.421 0.3921 

BSS- WL 0.001255 0.171 1  -1.13E-02 -2.157 0.5813  0.00824 0.998 0.9978 

BSS- ZL -0.00093 -0.126 1  -1.24E-02 -2.362 0.432  -0.01141 -1.382 0.967 

CL - FCH 0.062548 8.518 <.0001  6.56E-02 12.476 <.0001  0.03139 3.802 0.008 

CL - HS 0.0392 5.338 <.0001  4.75E-02 9.026 <.0001  -0.00352 -0.426 1 

CL - KW -0.01067 -1.453 0.9527  1.91E-02 3.624 0.0154  -0.00246 -0.298 1 

CL - SKL 0.014017 1.909 0.7539  4.41E-02 8.388 <.0001  0.01971 2.388 0.4147 

CL - SLS 0.02342 3.189 0.0637  4.95E-02 9.406 <.0001  0.02821 3.417 0.0314 

CL - SML 0.044923 6.118 <.0001  4.39E-02 8.35 <.0001  0.0084 1.018 0.9973 

CL - SS 0.039825 5.423 <.0001  6.22E-02 11.826 <.0001  0.02673 3.237 0.0553 

CL - TC 0.016458 2.241 0.5194  5.33E-02 10.132 <.0001  0.00483 0.585 1 

CL - WL 0.033548 4.569 0.0003  4.74E-02 9.009 <.0001  0.03306 4.004 0.0037 

CL - ZL 0.031367 4.272 0.0012  4.63E-02 8.803 <.0001  0.01341 1.624 0.9007 

FCH - HS -0.02335 -3.18 0.0656  -1.81E-02 -3.451 0.0279  -0.03491 -4.228 0.0014 

FCH - KW -0.07322 -9.971 <.0001  -4.65E-02 -8.852 <.0001  -0.03385 -4.1 0.0025 

FCH - SKL -0.048530 -6.609 <.0001  -2.15E-02 -4.088 0.0026  -0.01168 -1.415 0.9609 

FCH - SLS -0.039128 -5.328 <.0001  -1.61E-02 -3.07 0.0896  -0.00318 -0.385 1 

FCH - SML -0.017625 -2.4 0.406  -2.17E-02 -4.127 0.0022  -0.02299 -2.784 0.1869 

FCH - SS -0.02272 -3.094 0.0838  -3.42E-03 -0.65 1  -0.00466 -0.565 1 

FCH - TC -0.04609 -6.277 <.0001  -1.23E-02 -2.344 0.4449  -0.02656 -3.217 0.0588 

FCH - WL -0.029 -3.949 0.0045  -1.82E-02 -3.467 0.0264  0.00167 0.202 1 

FCH - ZL -0.03118 -4.246 0.0013  -1.93E-02 -3.673 0.0129  -0.01799 -2.178 0.5655 

HS - KW -0.04987 -6.791 <.0001  -2.84E-02 -5.402 <.0001  0.00106 0.128 1 

HS - SKL -0.02518 -3.429 0.0301  -3.35E-03 -0.637 1  0.02323 2.813 0.1745 

HS - SLS -0.01578 -2.149 0.5872  2.00E-03 0.38 1  0.03173 3.843 0.0069 

HS - SML 0.005723 0.779 0.9998  -3.55E-03 -0.676 0.9999  0.01192 1.444 0.9548 



HS - SS 0.000626 0.085 1  1.47E-02 2.801 0.1797  0.03024 3.663 0.0134 

HS - TC -0.02274 -3.097 0.0832  5.82E-03 1.106 0.9945  0.00835 1.011 0.9975 

HS - WL -0.00565 -0.77 0.9998  -8.89E-05 -0.017 1  0.03658 4.43 0.0006 

HS - ZL -0.00783 -1.067 0.996  -1.17E-03 -0.222 1  0.01692 2.05 0.659 

KW - SKL 0.024688 3.362 0.0374  2.51E-02 4.764 0.0001  0.02217 2.686 0.2336 

KW - SLS 0.03409 4.642 0.0002  3.04E-02 5.782 <.0001  0.03067 3.715 0.0111 

KW - SML 0.055593 7.571 <.0001  2.48E-02 4.726 0.0001  0.01086 1.316 0.9772 

KW - SS 0.050496 6.877 <.0001  4.31E-02 8.202 <.0001  0.02919 3.535 0.0211 

KW - TC 0.027128 3.694 0.012  3.42E-02 6.508 <.0001  0.00729 0.883 0.9993 

KW - WL 0.044219 6.022 <.0001  2.83E-02 5.385 <.0001  0.03552 4.302 0.0011 

KW - ZL 0.042037 5.725 <.0001  2.72E-02 5.179 <.0001  0.01587 1.922 0.7457 

SKL - SLS 0.009403 1.28 0.9816  5.35E-03 1.018 0.9973  0.0085 1.029 0.9971 

SKL - SML 0.030906 4.209 0.0016  -2.02E-04 -0.038 1  -0.01131 -1.37 0.9691 

SKL - SS 0.025808 3.515 0.0226  1.81E-02 3.438 0.0291  0.00702 0.85 0.9995 

SKL - TC 0.00244 0.332 1  9.17E-03 1.744 0.8478  -0.01488 -1.802 0.817 

SKL - WL 0.019531 2.66 0.247  3.26E-03 0.621 1  0.01335 1.617 0.9034 

SKL - ZL 0.017349 2.363 0.432  2.18E-03 0.415 1  -0.00631 -0.764 0.9998 

SLS - SML 0.021503 2.928 0.1312  -5.55E-03 -1.056 0.9963  -0.01981 -2.399 0.4067 

SLS - SS 0.016405 2.234 0.5246  1.27E-02 2.42 0.3922  -0.00148 -0.18 1 

SLS - TC -0.00696 -0.948 0.9986  3.82E-03 0.726 0.9999  -0.02338 -2.832 0.1671 

SLS - WL 0.010128 1.379 0.9675  -2.09E-03 -0.397 1  0.00485 0.587 1 

SLS - ZL 0.007947 1.082 0.9954  -3.17E-03 -0.603 1  -0.0148 -1.793 0.8221 

SML - SS -0.0051 -0.694 0.9999  1.83E-02 3.477 0.0256  0.01833 2.22 0.5353 

SML - TC -0.02847 -3.876 0.006  9.37E-03 1.782 0.8279  -0.00357 -0.433 1 

SML - WL -0.01138 -1.549 0.9267  3.47E-03 0.659 1  0.02466 2.986 0.1128 

SML - ZL -0.01356 -1.846 0.7922  2.38E-03 0.454 1  0.005 0.606 1 

SS - TC -0.02337 -3.182 0.0651  -8.91E-03 -1.694 0.8713  -0.0219 -2.652 0.2511 

SS - WL -0.00628 -0.855 0.9995  -1.48E-02 -2.817 0.1726  0.00633 0.767 0.9998 

SS - ZL -0.00846 -1.152 0.9922  -1.59E-02 -3.023 0.102  -0.01332 -1.614 0.9044 

TC - WL 0.01709 2.327 0.457  -5.91E-03 -1.123 0.9937  0.02823 3.419 0.0312 

TC - ZL 0.014909 2.03 0.6726  -6.99E-03 -1.329 0.9755  0.00857 1.038 0.9968 

WL - ZL -0.00218 -0.297 1  -1.08E-03 -0.206 1  -0.01965 -2.38 0.4196 

 

 
 

 

 

 



 

Supplementary Table S4 

Locus 
BIO1 BIO7 BIO12 BIO18   Aspect Elevation Slope   fPAR NDVI RainD RH Soil pH SunH Wsmean 

                                

AFLP                                 

aP11_1650 
1.732 
(0.003866) 

0.786 
(0.000352) 

1.101 (9.06E-
06) 

1.638 (1.34E-
07)   0.546 

(0.186518) 
1.654 (3.18E-
05) 

0.598 
(0.580395)   1.748 (2.77E-

08) 
0.444 
(0.611142) 

0.629 
(0.015634) 

5.671 
(9.45E-54) 

0.632 
(0.020668) 

1.62 
(0.000454) 

1.166 
(0.000238) 

aP11_1963 
0.979 

(0.144201) 

1.041 (1.17E-

06) 

0.645 

(0.018346) 

0.127 

(0.839381)   0.784 

(0.030576) 

1.133 

(0.006628) 

0.375 

(0.720758)   1.141 

(0.000402) 

0.69 

(0.494213) 

0.293 

(0.323866) 

0.441 

(0.226405) 

0.814 

(0.001787) 

1.135 

(0.016510) 

0.229 

(0.53072) 

aP11_1984 
0.932 
(0.161343) 

0.247 
(0.354206) 

0.049 
(0.718171) 

2.161 (8.34E-
13)   0.407 

(0.392455) 
1.031 
(0.014686) 

0.559 
(0.64587)   1.539 (1.14E-

06) 
0.781 
(0.415003) 

0.092 
(0.637831) 

3.169 
(3.27E-17) 

0.765 
(0.003561) 

2.057 
(4.81E-06) 

0.251 
(0.5137) 

aP11_2003 
0.279 

(0.509492) 

0.366 

(0.13767) 

0.943 

(0.000199) 

1.316 (3.75E-

05)   0.584 

(0.145548) 

0.958 

(0.024223) 

0.105 

(0.987592)   1.399 (1.11E-

05) 

0.014 

(0.888066) 

0.247 

(0.401304) 

3.192 

(2.06E-17) 

0.253 

(0.553570) 

0.978 

(0.042050) 

0.484 

(0.188422) 

aP11_2338 
0.285 
(0.509492) 

0.364 
(0.139585) 

0.527 
(0.063444) 

1.231 
(0.000141)   0.065 

(0.989082) 
0.861 
(0.046889) 

0.187 
(0.941505)   1.504 (1.90E-

06) 
0.062 
(0.874628) 

0.061 
(0.65575) 

3.864 
(4.13E-25) 

0.244 
(0.583515) 

1.316 
(0.004636) 

0.768 
(0.024119) 

aP11_4330 
0.828 

(0.222679) 

0.447 

(0.057785) 

0.545 

(0.057139) 

1.196 

(0.000235)   0.468 

(0.293921) 

1.619 (4.72E-

05) 

0.29 

(0.841984)   1.747 (2.77E-

08) 

0.225 

(0.816392) 

0.108 

(0.62632) 

8.039 

(8.05E-108) 

0.28 

(0.468512) 

0.135 

(0.690473) 

1.324 

(2.36E-05) 

aP24_1967 
1.697 
(0.004750) 

0.716 
(0.001202) 

0.107 
(0.646119) 

0.032 
(0.955504)   0.488 

(0.261053) 
2.286 (3.47E-
09) 

0.31 
(0.818059)   0.258 

(0.393490) 
1.772 
(0.005824) 

0.482 
(0.076395) 

0.922 
(0.022926) 

0.209 
(0.667384) 

1.532 
(0.000934) 

0.78 
(0.0220044) 

aP24_3746 
2.323 (6.05E-

05) 

0.318 

(0.215870) 

0.623 

(0.023331) 

2.071 (8.66E-

12)   0.866 

(0.014782) 

1.183 

(0.004540) 
1.86 (0.00123)   1.942 (4.87E-

10) 

0.317 

(0.717886) 

0.045 

(0.667516) 

1.602 

(4.58E-05) 

1.071 

(2.03E-05) 

1.222 

(0.009427) 

1.15 

(0.000294) 

aP28_2334 
1.174 
(0.065093) 

0.182 
(0.486607) 

0.134 
(0.589291) 

0.561 
(0.156802)   1.665 (1.44E-

07) 
1.073 
(0.010462) 

0.385 
(0.712026)   0.957 

(0.003311) 
1.029 
(0.180342) 

0.895 
(0.000410) 

0.405 
(0.24761) 

0.713 
(0.007089) 

0.762 
(0.130606) 

0.043 
(0.743882) 

aP28_2402 
0.712 

(0.288410) 

0.747 

(0.000718) 

0.53 

(0.062947) 

0.23 

(0.659665)   1.04 

(0.0024500) 

0.099 

(0.692378) 

0.108 

(0.987592)   1.526 (1.34E-

06) 

1.116 

(0.127324) 

0.206 

(0.485566) 

0.101 

(0.397418 

0.091 

(0.9497) 

0.058 

(0.697746) 

0.336 

(0.408077) 

aP28_2996 
0.547 

(0.418730) 

1.425 (1.17E-

11) 

0.077 

(0.692396) 

0.256 

(0.613678)   0.734 

(0.047832) 

0.301 

(0.537323) 

0.068 

(0.987592)   0.733 

(0.027033) 

0.598 

(0.572779) 

0.478 

(0.077249) 

0.332 

(0.309421) 

0.874 

(0.00074) 

0.843 

(0.08957) 

0.252 

(0.51367) 

                                  

aP34_1606 
1.117 

(0.084579) 

1.834 (1.02E-

18) 

0.746 

(0.004845) 

0.927 

(0.006216)   0.89 

(0.012616) 

0.03 

(0.7518929) 

0.60 

(0.5803954)   2.012 (1.22E-

10) 

0.611 

(0.564260) 

0.58 

(0.028804) 

2.191 

(1.08E-08) 

0.496 

(0.087427) 

1.532 

(0.000934) 

0.163 

(0.612461) 

aP34_1681 
2.189 
(0.000169) 

0.701 
(0.001497) 

0.443 
(0.139274) 

0.356 
(0.504337)   0.617 

(0.115672) 
1.433 
(0.00040) 

0.935 
(0.203310)   0.616 

(0.065810) 
0.004 
(0.89081) 

0.507 
(0.059038 

0.232 
(0.362172) 

0.351 
(0.301227) 

1.529 
(0.000935) 

0.315 
(0.445299) 

aP34_1762 3.2 (4.20E-08) 
1.557 (1.00E-

13) 

0.965 

(0.000143) 

0.382 

(0.451653)   0.447 

(0.325290) 

2.664 (2.46E-

12) 

2.936 (1.29E-

08)   1.091 

(0.000781) 

0.554 

(0.574292) 

0.614 

(0.01876) 

3.851 

(4.85E-25) 

0.084 

(0.956870) 

0.238 

(0.624311) 

4.308 

(7.24E-50) 



aP34_2113 
2.38 (4.00E-

05) 

1.14 (7.80E-

08) 

0.58 

(0.039525) 

1.131 

(0.000585)   0.083 

(0.966180) 

0.863 

(0.046506) 

0.922 

(0.213119)   1.605 (3.78E-

07) 

0.811 

(0.381119) 

0.186 

(0.514488) 

1.794 

(3.74E-06) 

0.83 

(0.001450) 

1.133 

(0.016510) 

0.137 

(0.650255) 

aP34_2507 
1.351 

(0.028583) 

2.188 (4.60E-

26) 

0.781 

(0.002882) 

0.026 

(0.958337)   0.868 

(0.014782) 

0.452 

(0.347277) 

0.275 

(0.848818)   0.366 

(0.256752) 

1.439 

(0.029253) 

0.998 (7.15E-

05) 

1.626 

(3.53E-05) 

0.761 

(0.003748) 

2.27 

(3.70E-07) 

0.973 

(0.002854) 

aP34_2811 
0.737 

(0.275302) 

1.74 (5.87E-

17) 

0.861 

(0.000875) 

0.199 

(0.72327)   0.545 

(0.186518) 

0.227 

(0.564402) 

0.854 

(0.273291)   0.957 

(0.003311) 

1.609 

(0.011032) 

0.703 

(0.006561) 

1.328 

(0.000845) 

0.96 

(0.000170) 

1.978 

(1.11E-05) 

0.851 

(0.010595) 

aP34_3008 
2.465 (2.15E-

05) 

0.065 

(0.633068) 

0.053 

(0.717035) 

0.31 

(0.5778821)   1.325 (6.14E-

05) 

1.75 (8.60E-

06) 

0.997 

(0.163267)   1.217 

(0.000149) 

0.926 

(0.264169) 

0.895 

(0.000410) 

0.363 

(0.288280) 

0.154 

(0.83674) 

0.28 

(0.605180) 

0.598 

(0.089335) 

aP35_2157 
1.762 

(0.003277) 

0.47 

(0.043310) 

0.31 

(0.329080) 

1.061 

(0.00138)   0.14 

(0.870585) 

1.32 

(0.001180) 

1.456 

(0.017775)   0.074 

(0.483504) 

0.71 

(0.478858) 

0.643 

(0.013692) 

0.074 

(0.40734) 

0.789 

(0.002550) 

1.367 

(0.003165) 

0.245 

(0.516066) 

aP35_2216 
0.278 

(0.509492) 

1.716 (1.56E-

16) 

0.008 

(0.746267) 

0.781 

(0.027944)   0.961 

(0.005974) 

1.267 

(0.001968) 

0.485 

(0.668910)   1.006 

(0.002018) 

0.077 

(0.872296) 

0.762 

(0.003183) 

0.571 

(0.150427) 

1.759 

(1.60E-13) 

4.648 

(1.05E-28) 

0.258 

(0.513676) 

aP38_2271 
1.451 

(0.019115) 

0.229 

(0.386712) 

0.537 

(0.06056) 

0.741 

(0.040050)   0.219 

(0.751932) 

1.662 (2.96E-

05) 

0.523 

(0.668910)   1.514 (1.64E-

06) 

0.374 

(0.678567) 

0.234 

(0.429322) 

4.011 

(6.26E-27) 

0.201 

(0.686457) 

0.022 

(0.71756) 

1.245 

(7.73E-05) 

aP47_2218 
0.99 

(0.141288) 

0.113 

(0.591047) 

1.149 (3.17E-

06) 

0.798 

(0.024328)   0.493 

(0.254232) 

1.168 

(0.005192) 

0.198 

(0.930143)   0.614 

(0.066152) 

0.417 

(0.632057) 

1.216 (9.24E-

07) 

1.232 

(0.001971) 

0.406 

(0.201817) 

0.897 

(0.069384) 

0.378 

(0.338007) 

                                  

aP47_2470 
1.411 

(0.022886) 

0.138 

(0.555778) 

0.389 

(0.213246) 

0.793 

(0.025292)   0.028 

(0.992268) 

1.115 

(0.007500) 

0.72 

(0.405613)   1.205 

(0.00017) 

0.021 

(0.88626) 

0.132 

(0.592559) 

1.246 

(0.001791) 

0.5 

(0.08489421) 

0.469 

(0.401085) 

0.04 

(0.7438820) 

aP47_3520 
2.305 (6.36E-

05) 

0.599 

(0.007399) 

0.058 

(0.712880) 

0.315 

(0.57747)   0.668 

(0.078574) 

1.795 (5.63E-

06) 

1.552 

(0.010725)   0.548 

(0.105005) 

0.338 

(0.703892) 

0.566 

(0.033120) 

0.448 

(0.223881) 

0.771 

(0.003306) 

1.328 

(0.004219) 

0.47 

(0.2044779) 

aP49_1747 
1.724 

(0.003993) 

0.08 

(0.607186) 

0.208 

(0.500148) 

1.454 (3.94E-

06)   0.03 

(0.992268) 

1.337 

(0.000991) 

0.886 

(0.251672)   2.899 (3.14E-

21) 

0.531 

(0.574292) 

0.477 

(0.077250) 

1.304 

(0.001027) 

1.213 

(9.33E-07) 

0.471 

(0.401085) 

1.329 

(2.23E-05) 

aP49_2083 
1.267 

(0.043361) 

1.226 (7.15E-

09) 

0.721 

(0.006866) 

0.215 

(0.685767)   0.108 

(0.926389) 

0.241 

(0.552454) 

0.287 

(0.843442)   1.149 

(0.000364) 

1.643 

(0.010358) 

0.653 

(0.01215) 

0.302 

(0.328616) 

0.536 

(0.058392) 

2.21 

(8.05E-07) 

0.702 

(0.040824) 

aP49_2597 
2.181 

(0.000174) 

0.37 

(0.133290) 

0.211 

(0.500148) 

0.49 

(0.244385)   1.296 (9.22E-

05) 

1.417 

(0.000448) 

1.509 

(0.012596)   0.71 

(0.032756) 

0.017 

(0.886256) 

0.759 

(0.003260) 

0.336 

(0.307469) 

0.479 

(0.104056) 

1.134 

(0.016510) 

0.513 

(0.156501) 

aP49_2698 
0.753 

(0.265434) 

1.148 (6.30E-

08) 

0.359 

(0.242542) 

0.774 

(0.028891)   0.759 

(0.038161) 

0.592 

(0.211180) 

0.126 

(0.987592)   1.573 (6.66E-

07) 

0.948 

(0.249257) 

0.696 

(0.007099) 

2.193 

(1.08E-08) 

0.323 

(0.364133) 

0.774 

(0.123205) 

1.098 

(0.000570) 

aP55_1661 
0.78 

(0.251764) 

0.42 

(0.079339) 

0.144 

(0.571449) 

0.982 

(0.003365)   0.14 

(0.870585) 

1.046 

(0.013174) 

0.663 

(0.485086)   1.353 (2.06E-

05) 

0.176 

(0.837100) 

0.525 

(0.051204) 

0.745 

(0.063793) 

0.481 

(0.103933) 

0.841 

(0.089597) 

0.651 

(0.061594) 

aP55_1883 
0.813 

(0.226946) 

1.385 (4.65E-

11) 

0.386 

(0.216286) 

0.357 

(0.504337)   0.533 

(0.198038) 

0.734 

(0.098363) 

0.085 

(0.987592)   0.343 

(0.282370) 

1.416 

(0.030941) 

0.651 

(0.012365) 

0.436 

(0.228922) 

0.532 

(0.060027) 

1.416 

(0.002208) 

1.585 

(3.56E-07) 

aP56_1840 
0.022 

(0.602274) 

0.234 

(0.383138) 

0.082 

(0.685072) 

1.865 (1.19E-

09)   0.705 

(0.058938) 

0.505 

(0.292219) 

0.47 

(0.668910)   0.412 

(0.212864) 

1.696 

(0.008292) 

0.101 

(0.630027) 

2.593 

(1.04E-11) 

1.218 

(8.79E-07) 

3.738 

(1.48E-18) 

0.47 

(0.204478) 

aP57_1778 
0.319 

(0.488340) 

1.31 (5.92E-

10) 

0.082 

(0.685072) 

0.266 

(0.613678)   0.104 

(0.926389) 

0.038 

(0.747953) 

0.037 

(0.987592)   0.9 

(0.0057286) 

1.169 

(0.097758) 

0.272 

(0.363933) 

0.517 

(0.178834) 

0.939 

(0.000243) 

1.055 

(0.026469) 

1.469 

(2.33E-06) 



aP57_2129 
2.606 (8.41E-

06) 

0.254 

(0.34088) 

0.448 

(0.134057) 

1.435 (5.26E-

06)   0.406 

(0.393444) 

1.783 (5.88E-

06) 

1.138 

(0.093244)   0.882 

(0.006799) 

0.002 

(0.890808) 

0.975 

(0.000109) 

1.197 

(0.002705) 

0.073 

(0.971818) 

0.336 

(0.556385) 

0.373 

(0.345907) 

aP57_3127 
0.634 

(0.357931) 

1.217 (9.21E-

09) 

0.269 

(0.407655) 

0.351 

(0.507236)   0.423 

(0.362864) 

0.804 

(0.068138) 

1.249 

(0.05926)   1.184 

(0.000230) 

1.07 

(0.1493790) 

0.056 

(0.658600) 

1.125 

(0.005255) 

1.168 

(2.53E-06) 

1.245 

(0.008102) 

0.35 

(0.380494) 

                                  

MSAP-m                                 

mP01_3114 
3.145 (4.06E-
19) 

1.407 
(0.000763) 

1.065 
(0.001082) 

0.944 
(0.000686)   0.111 

(0.654847) 
1.002 
(0.005174) 

0.912 
(0.009558)   1.131 

(0.001008) 
0.336 
(0.252687) 

0.193 
(0.502850) 

1.659 
(4.85E-08) 

0.631 
(0.236673) 

1.862 
(1.59E-05) 

3.063 
(1.41E-25) 

mP01_3594 
2.271 (1.94E-

10) 

2.035 (7.13E-

07) 

1.221 

(0.00014) 

0.043 

(0.767427)   0.767 

(0.027997) 

0.059 

(0.638246) 

0.664 

(0.079005)   1.753 (9.24E-

08) 

0.712 

(0.005824) 

0.621 

(0.051941) 

1.825 

(1.34E-09) 

0.318 

(0.687662) 

2.259 

(1.20E-07) 

1.95 

(6.49E-11) 

mP04_1607 
0.222 
(0.634375) 

0.69 
(0.117988) 

0.28 
(0.531939) 

0.166 
(0.630398)   1.398 (1.50E-

05) 
0.458 
(0.251587) 

0.883 
(0.011990)   0.5 (0.222379) 

0.342 
(0.245080) 

0.533 
(0.10153) 

0.032 
(0.874424) 

0.184 
(0.954390) 

0.487 
(0.388500) 

0.037 
(0.651165) 

mP04_1934 
0.822 

(0.042962) 

0.129 

(0.518622) 

1.129 

(0.000475) 

0.047 

(0.767427)   0.843 

(0.014290) 

1.013 

(0.004718) 

0.901 

(0.010693)   1.233 

(0.000293) 

0.631 

(0.015760) 

0.779 

(0.012209) 

0.177 

(0.761148) 

0.384 

(0.575855) 

0.712 

(0.167717) 

0.574 

(0.081454) 

mP04_2337 
0.939 
(0.016752) 

2.401 (4.15E-
09) 

1.372 (1.33E-
05) 

1.052 
(0.000125)   0.344 

(0.395486) 
0.697 
(0.066224) 

0.447 
(0.272772)   1.98 (1.16E-

09) 
0.58 
(0.0298791) 

0.874 
(0.004536) 

3.078 
(7.97E-26) 

1.388 
(0.000738) 

2.049 
(2.03E-06) 

2.719 
(3.03E-20) 

mP04_2608 
1.936 (7.65E-

08) 

1.736 (2.48E-

05) 

0.952 

(0.004105) 

1.961 (3.69E-

14)   0.032 

(0.719762) 

0.214 

(0.509070) 

0.885 

(0.011832)   1.125 

(0.001086) 

1.701 (9.02E-

13) 

0.29 

(0.3890432) 

2.002 

(2.11E-11) 

0.367 

(0.602541) 

0.839 

(0.092584) 

1.567 

(2.01E-07) 

mP04_3056 
1.009 
(0.009381) 

1.757 (1.98E-
05) 

0.139 
(0.745912) 

0.267 
(0.460436)   0.913 

(0.006917) 
0.742 
(0.048503) 

0.273 
(0.504879)   1.344 (6.79E-

05) 
0.321 
(0.273073) 

0.386 
(0.257203) 

2.703 
(3.99E-20) 

1.122 
(0.00834) 

1.021 
(0.030954) 

1.539 
(3.33E-07) 

mP06_2435 
2.68 (3.50E-

14) 

0.731 

(0.095767) 

1.375 (1.30E-

05) 

0.444 

(0.185146)   1.119 

(0.000748) 

0.217 

(0.509070) 

1.193 

(0.000429)   0.257 

(0.568080) 

0.401 

(0.164390) 

1.91 (2.21E-

11) 

0.596 

(0.099507) 

1.898 

(1.51E-06) 

0.401 

(0.472912) 

1.096 

(0.000384) 

mP06_2526 
1.994 (2.93E-
08) 

0.631 
(0.155116) 

1.744 (1.42E-
08) 

0.833 
(0.003361)   0.577 

(0.125668) 
0.592 
(0.132726) 

0.969 
(0.005220)   0.385 

(0.380210) 
0.427 
(0.135208) 

1.874 (4.84E-
11) 

0.702 
(0.041944) 

1.753 
(1.17E-05) 

0.191 
(0.665203) 

0.76 
(0.017527) 

mP06_2586 
2.167 (1.49E-

09) 

0.848 

(0.050547) 

1.81 (3.92E-

09) 

0.695 

(0.018845)   0.955 

(0.004543) 

0.244 

(0.478512) 

1.177 

(0.000508)   0.063 

(0.757049) 

0.255 

(0.392977) 

1.138 

(0.000127) 

0.746 

(0.028024) 

2.273 

(4.82E-09) 

0.123 

(0.690111) 

0.687 

(0.033956) 

                                  

mP06_3469 
0.264 
(0.587534) 

2.937 (2.52E-
13) 

2.41 (1.02E-
15) 

0.069 
(0.754877)   0.942 

(0.005086) 
2.492 (8.95E-
15) 

1.107 
(0.001223)   2.291 (1.09E-

12) 
0.166 
(0.547326) 

2.492 (8.28E-
19) 

2.881 
(9.42E-23) 

0.314 
(0.69560) 

1.77 
(4.37E-05) 

3.75 
(2.21E-37) 

mP11_1724 
1.038 

(0.007172) 

0.126 

(0.518622) 

0.514 

(0.17567) 

1.056 

(0.000117)   0.762 

(0.029283) 

0.525 

(0.190472) 

0.694 

(0.063753)   0.353 

(0.429599) 

1.154 (2.28E-

06) 

0.251 

(0.441084) 

0.683 

(0.049168) 

1.023 

(0.01929) 

0.099 

(0.697644) 

0.507 

(0.127243) 

mP11_1823 
1.235 
(0.001063) 

0.484 
(0.277990) 

0.668 
(0.060801 

0.193 
(0.596335)   0.36 

(0.3811708) 
0.215 
(0.509070) 

1.141 
(0.000811)   0.018 

(0.767307) 
0.79 
(0.0019852) 

0.453 
(0.174526) 

0.744 
(0.028464) 

0.411 
(0.535604) 

0.459 
(0.412331) 

1.038 
(0.000809) 

mP11_2049 
1.951 (6.10E-

08) 

1.341 

(0.001368) 

0.452 

(0.24058) 

0.212 

(0.559329)   1.257 

(0.000113) 

0.262 

(0.464626) 

1.008 

(0.003421)   0.24 

(0.5862989) 

1.331 (3.49E-

08) 

0.156 

(0.535700) 

1.214 

(0.000101) 

0.316 

(0.690638) 

1.131 

(0.01390) 

1.174 

(0.000130) 



mP13_1935 
0.282 

(0.569721) 

0.651 

(0.141897) 

0.876 

(0.009339) 

2.709 (2.54E-

26)   0.215 

(0.551901) 

0.868 

(0.016570) 

0.213 

(0.585619)   0.331 

(0.461300) 

0.974 (8.90E-

05) 

0.073 

(0.603424) 

1.021 

(0.001333) 

1.427 

(0.000486) 

0.745 

(0.142638) 

0.716 

(0.026278) 

mP13_3840 
0.291 

(0.560728) 

2.472 (1.43E-

09) 

0.692 

(0.051086) 

0.401 

(0.244838)   0.274 

(0.487437) 

1.578 (2.46E-

06) 

0.57 

(0.1497746)   3.505 (5.07E-

29) 

1.738 (2.66E-

13) 

0.322 

(0.346157) 

1.769 

(4.50E-09) 

0.489 

(0.432032) 

1.585 

(0.00030) 

1.837 

(7.91E-10) 

mP22_1548 
1.054 

(0.006325) 

0.197 

(0.498473) 

0.051 

(0.827485) 

0.716 

(0.014863)   0.653 

(0.071829) 

0.528 

(0.188701) 

0.361 

(0.375824)   0.521 

(0.198261) 

0.047 

(0.675337) 

0.797 

(0.01039) 

0.453 

(0.260493) 

1.003 

(0.022506) 

0.216 

(0.650300) 

0.14 

(0.5757780) 

mP22_1924 
0.38 

(0.441646) 

1.011 

(0.018596) 

0.295 

(0.504398) 

0.149 

(0.661722)   1.058 

(0.001564) 

0.078 

(0.620326) 

0.133 

(0.658015)   0.389 

(0.376720) 

0.376 

(0.198169) 

0.025 

(0.645291) 

0.235 

(0.662467) 

0.087 

(0.999770) 

0.711 

(0.168368) 

0.096 

(0.619938) 

mP22_1961 
2.014 (2.08E-

08) 

0.125 

(0.519000) 
1.07 (0.00103) 

0.049 

(0.767427)   0.272 

(0.488083) 

0.503 

(0.209623) 

0.468 

(0.254416)   1.271 

(0.000184) 

1.268 (1.80E-

07) 

1.064 

(0.000372) 

0.188 

(0.740022) 

0.557 

(0.328735) 

0.205 

(0.653703) 

2.554 

(5.05E-18) 

mP22_2223 
0.293 

(0.560728) 

0.273 

(0.45892) 

0.604 

(0.098694) 

0.394 

(0.251948   1.311 (5.53E-

05) 

0.051 

(0.640719) 

0.397 

(0.328253)   0.821 

(0.02377) 

0.743 

(0.003878) 

0.176 

(0.519084) 

0.226 

(0.679229) 

0.327 

(0.672233) 

0.306 

(0.57442) 

0.247 

(0.457473) 

mP22_2603 
1.864 (2.33E-

07) 

1.03 

(0.016266) 

0.364 

(0.385376) 

2.214 (8.67E-

18)   0.188 

(0.591762) 

0.934 

(0.009728) 

0.343 

(0.406001)   1.925 (3.43E-

09) 

0.165 

(0.547770) 

1.594 (2.78E-

08) 

0.43 

(0.296315) 

1.547 

(0.000133) 

0.44 

(0.432625) 

0.117 

(0.593817) 

                                  

mP22_2673 
1.708 (2.46E-

06) 

0.969 

(0.024276) 

0.137 

(0.745912) 

1.273 (2.06E-

06)   0.205 

(0.565947) 

0.691 

(0.068390) 

1.389 (2.51E-

05)   0.903 

(0.011378) 

0.771 

(0.002553) 

0.309 

(0.364975) 

3.111 

(2.35E-26) 

0.627 

(0.24020) 

0.164 

(0.675242) 

2.038 

(8.46E-12) 

mP22_3264 
0.144 

(0.686987) 

0.918 

(0.033621) 

0.214 

(0.650011) 

0.848 

(0.002751)   0.355 

(0.385462) 

0.393 

(0.322623) 

0.193 

(0.604899)   0.138 

(0.707831) 

1.079 (1.17E-

05) 

0.193 

(0.502850) 

0.008 

(0.888978) 

0.326 

(0.674041) 

0.44 

(0.4326250) 

0.177 

(0.544495) 

mP22_3471 
1.151 

(0.002550) 

1.803 (1.22E-

05) 

0.852 

(0.011526) 

0.149 

(0.661721)   1.201 

(0.000256) 

0.004 

(0.668445) 

0.064 

(0.694901)   0.751 

(0.043795) 

0.65 

(0.0127676) 

0.534 

(0.10142) 

1.28 

(3.83E-05) 

0.944 

(0.034487) 

1.286 

(0.004468) 

1.022 

(0.000988) 

mP23_2338 
1.841 (3.32E-

07) 

0.96 

(0.026001) 

0.48 

(0.209845) 

2.63 (7.44E-

25)   0.3 

(0.45010960) 

0.621 

(0.111012) 

1.576 (1.03E-

06)   1.25 

(0.000239) 

0.484 

(0.079052) 

1.215 (3.70E-

05) 

0.938 

(0.003688) 

1.491 

(0.000256) 

0.478 

(0.394017) 

0.17 

(0.549002) 

mP23_2377 
0.598 

(0.175402) 

1.821 (1.02E-

05) 

1.408 (7.29E-

06) 

1.41 (1.20E-

07)   0.453 

(0.242420) 

1.409 (3.74E-

05) 

0.119 

(0.665347)   0.224 

(0.606373) 

1.391 (7.33E-

09) 

1.35 (3.61E-

06) 

1.396 

(5.91E-06) 

1.58 (9.48E-

05) 

2.028 

(2.56E-06) 

0.674 

(0.037724) 

mP23_2431 
0.44 

(0.348375) 

0.18 

(0.502624) 

0.14 

(0.745912) 

2.619 (1.02E-

24)   1.273 (9.79E-

05) 

1.705 (3.05E-

07) 

0.29 

(0.4754326)   0.998 

(0.004531) 

0.233 

(0.434780) 

0.67 

(0.034425) 

1.074 

(0.000712) 

1.703 

(2.09E-05) 

0.356 

(0.523168) 

1.426 

(2.68E-06) 

mP23_2941 
2.714 (1.61E-

14) 

0.004 

(0.580787) 

0.833 

(0.013885) 

0.969 

(0.000484)   0.50 

(0.1967838) 

0.594 

(0.132499) 

1.502 (3.90E-

06)   0.537 

(0.186252) 

0.173 

(0.539926) 

1.739 (1.16E-

09) 

0.366 

(0.405487) 

0.722 

(0.145832) 

0.119 

(0.690111) 

1.274 

(2.96E-05) 

mP23_3967 
1.06 

(0.006020) 

2.251 (3.54E-

08) 

0.05 

(0.827485) 

0.394 

(0.251947)   0.52 

(0.1770892) 

0.308 

(0.418853) 

0.087 

(0.681588)   0.036 

(0.762461) 

0.127 

(0.588109) 

0.205 

(0.496331) 

0.645 

(0.067670) 

0.044 

(0.99977) 

2.899 

(3.63E-12) 

0.982 

(0.001609) 

mP32_1611 
2.951 (6.21E-

17) 

2.286 (2.08E-

08) 

0.566 

(0.128234) 

0.619 

(0.042596)   0.804 

(0.020440) 

0.058 

(0.638246) 

1.563 (1.25E-

06)   0.978 

(0.005383) 

1.348 (2.25E-

08) 

0.245 

(0.445207) 

2.934 

(1.57E-23) 

1.336 

(0.001224) 

1.83 

(2.24E-05) 

1.619 

(7.26E-08) 

mP32_1638 
0.087 

(0.728386) 

0.426 

(0.335940) 

1.245 (9.92E-

05) 

0.181 

(0.617836)   0.688 

(0.055362) 

0.425 

(0.290568) 

0.333 

(0.421114)   0.477 

(0.252902) 

0.572 

(0.032238) 

0.444 

(0.182860) 

1.235 

(7.54E-05) 

0.497 

(0.417167) 

0.114 

(0.690826) 

0.712 

(0.027042) 

mP32_1818 
2.666 (4.53E-

14) 

1.073 

(0.011974) 

0.148 

(0.738647) 

0.474 

(0.147442)   1.552 (1.08E-

06) 

0.451 

(0.260655) 

1.155 

(0.000670)   0.506 

(0.217050) 
2.7 (8.62E-31) 

0.496 

(0.129178) 

1.98 

(3.55E-11) 

1.429 

(0.000484) 

0.366 

(0.509581) 

1.696 

(1.61E-08) 



mP32_2177 
1.501 (4.40E-

05) 

0.989 

(0.021580) 

1.042 

(0.001367) 

1.093 (6.21E-

05)   0.947 

(0.004902) 

0.396 

(0.322623) 

0.991 

(0.004239)   2.216 (5.97E-

12) 

0.713 

(0.005742) 

0.665 

(0.035643) 

0.208 

(0.701357) 

1.308 

(0.001576) 

0.511 

(0.358668) 

0.822 

(0.009405) 

                                  

mP32_2569 
2.363 (3.40E-

11) 

1.61 (9.82E-

05) 

0.031 

(0.834604) 

0.177 

(0.620875)   0.662 

(0.068154) 

0.283 

(0.448485) 

1.218 

(0.000295)   0.287 

(0.525693) 

2.039 (4.86E-

18) 

0.323 

(0.345318) 

3.178 

(1.98E-27) 

0.996 

(0.023716) 

0.982 

(0.040317) 

2.211 

(9.98E-14) 

mP32_4287 
1.613 (9.77E-

06) 

1.703 (3.60E-

05) 

0.163 

(0.718856) 

0.047 

(0.767427)   1.10 

(0.0009496) 

0.934 

(0.009728) 

0.601 

(0.123819)   1.107 

(0.001312) 

0.198 

(0.497622) 

0.911 

(0.002924) 

2.846 

(3.15E-22) 

1.172 

(0.005414) 

0.994 

(0.036907) 

1.281 

(2.69E-05) 

mP32_4412 
1.299 

(0.000537) 

1.371 

(0.001066) 

0.356 

(0.397181) 

0.442 

(0.187523)   0.915 

(0.006776) 

0.191 

(0.527709) 

1.67 (1.96E-

07)   1.117 

(0.001169) 

1.141 (3.04E-

06) 

0.461 

(0.16596) 

2.251 

(3.62E-14) 

1.702 

(2.09E-05) 

1.028 

(0.029537) 

1.635 

(5.44E-08) 

mP33_1656 
1.879 (1.93E-

07) 

2.786 (4.15E-

12) 

0.636 

(0.077520) 

0.147 

(0.664003)   0.26 

(0.5024974) 

1.291 

(0.000203) 

0.737 

(0.045520)   1.376 (4.33E-

05) 

0.76 

(0.0030205) 

0.118 

(0.564685) 

3.498 

(7.18E-33) 

1.319 

(0.001432) 

1.802 

(3.06E-05) 

1.353 

(8.52E-06) 

mP33_1779 
1.204 

(0.001475) 

2.124 (2.26E-

07) 

0.523 

(0.166784) 

0.178 

(0.620876)   0.346 

(0.394337) 

0.626 

(0.108936) 

0.103 

(0.674923)   1.812 (3.17E-

08) 

0.297 

(0.317343) 

0.006 

(0.656219) 

2.838 

(3.94E-22) 

1.763 

(1.13E-05) 

1.252 

(0.005941) 

1.521 

(4.64E-07) 

mP33_1889 
0.503 

(0.272368) 

0.867 

(0.045515) 

0.171 

(0.715605) 

0.719 

(0.014579)   0.417 

(0.292356) 

0.396 

(0.322623) 

0.172 

(0.618413)   1.495 (6.94E-

06) 

0.673 

(0.009315) 

0.52 

(0.111932) 

2.376 

(1.07E-15) 

1.718 

(1.76E-05) 

0.758 

(0.135502) 

1.403 

(3.90E-06) 

mP33_2077 
0.708 

(0.093817) 

1.52 

(0.000244) 

0.574 

(0.122280) 

0.357 

(0.309596)   0.132 

(0.637802) 

1.146 

(0.001181) 

0.073 

(0.687635)   0.334 

(0.458101) 

0.288 

(0.338251) 

0.089 

(0.593286) 

1.751 

(6.64E-09) 

1.551 

(0.000129) 

0.115 

(0.690314) 

1.182 

(0.000116) 

mP33_2188 
0.088 

(0.728312) 

1.683 (4.55E-

05) 

0.868 

(0.010174) 

1.007 

(0.000270)   1.092 

(0.001036) 

0.651 

(0.091879) 

0.429 

(0.292963)   0.415 

(0.335833) 

0.885 

(0.000424) 

0.163 

(0.530796) 

1.899 

(2.48E-10) 

1.131 

(0.007788) 

1.288 

(0.004434) 

0.856 

(0.006643) 

                                  

mP33_2370 
1.261 

(0.000807) 

1.443 

(0.000543) 

0.349 

(0.408201) 

0.348 

(0.325434)   1.145 

(0.000568) 

1.082 

(0.002208) 

0.044 

(0.711794)   0.953 

(0.006934 

0.227 

(0.446754) 

0.661 

(0.036744) 

2.128 

(9.35E-13) 

1.303 

(0.001642) 

1.15 

(0.0122073) 

1.195 

(9.77E-05) 

mP33_2397 
0.119 
(0.709574) 

1.591 
(0.000117) 

0.605 
(0.098694) 

0.291 
(0.42659)   0.90 

(0.0079163) 
0.648 
(0.092964) 

0.25 
(0.530006)   0.727 

(0.052919) 
0.305 
(0.302961) 

0.181 
(0.513814) 

2.278 
(1.78E-14) 

1.286 
(0.00184) 

1.118 
(0.015329) 

1.09 
(0.000414) 

mP33_2430 
1.235 

(0.001060) 

1.432 

(0.000593) 

0.215 

(0.648597) 

0.496 

(0.125994)   0.852 

(0.013240) 

0.851 

(0.019260) 

0.485 

(0.235352)   0.974 

(0.005524) 

0.191 

(0.507844) 

0.741 

(0.017624) 

3.168 

(2.70E-27) 

0.883 

(0.054312) 

0.746 

(0.142638) 

1.635 

(5.44E-08) 

mP33_2554 
0.207 
(0.641296) 

1.411 
(0.000742) 

0.305 
(0.48428) 

0.601 
(0.049923)   0.411 

(0.302391) 
0.739 
(0.049599) 

0.549 
(0.167890)   0.503 

(0.221209) 
0.134 
(0.582259) 

0.081 
(0.599682) 

2.152 
(5.00E-13) 

1.48 
(0.000289) 

0.317 
(0.567712) 

1.143 
(0.0002001) 

mP33_2636 
0.285 

(0.565782) 

1.666 (5.50E-

05) 

0.767 

(0.025651) 

0.397 

(0.250254)   0.54 

(0.158335) 

1.627 (1.15E-

06) 

0.054 

(0.700158)   0.508 

(0.215447) 

0.013 

(0.702419) 

0.417 

(0.216663) 

2.229 

(6.53E-14) 

1.326 

(0.001360) 

0.603 

(0.256620) 

1.143 

(0.0002001) 

mP33_2664 
0.224 
(0.633467) 

3.132 (5.51E-
15) 

1.205 
(0.000170) 

0.397 
(0.250254)   0.343 

(0.395571) 
1.227 
(0.000436) 

0.26 
(0.5187620)   1.745 (1.04E-

07) 
0.211 
(0.476324) 

1.813 (2.08E-
10) 

1.931 
(1.16E-10) 

1.218 
(0.003559) 

3.117 
(5.67E-14) 

1.557 
(2.45E-07) 

mP33_3176 
0.234 

(0.619420) 

0.937 

(0.029981) 

0.165 

(0.718562) 

0.47 

(0.151921)   0.182 

(0.59864) 

1.419 (3.34E-

05) 

0.746 

(0.044239)   0.85 

(0.0193759) 

0.679 

(0.008738) 

0.232 

(0.46323) 

2.812 

(9.59E-22) 

1.3 

(0.00166414) 

0.07 

(0.7122039) 

1.539 

(3.33E-07) 

mP36_1659 
1.247 
(0.000936) 

1.352 
(0.001276) 

2.126 (2.28E-
12) 

2.015 (6.19E-
15)   0.506 

(0.192242) 
0.529 
(0.188701) 

0.507 
(0.211247)   0.11 

(0.724498) 
1.379 (1.02E-
08) 

1.906 (2.27E-
11) 

0.333 
(0.475333) 

2.202 
(1.40E-08) 

2.215 
(2.13E-07) 

0.277 
(0.432455) 



mP36_3597 
1.515 (3.77E-

05) 

2.028 (7.65E-

07) 

0.089 

(0.78555) 

0.097 

(0.721750)   1.024 

(0.002307) 

0.109 

(0.589661) 

0.397 

(0.328434)   1.356 (5.75E-

05) 

0.175 

(0.537803) 

0.684 

(0.030451) 

3.256 

(1.18E-28) 

1.106 

(0.009501) 

1.307 

(0.003811) 

1.258 

(3.77E-05) 

mP36_3759 
1.754 (1.20E-

06) 

1.527 

(0.000232) 

1.243 (9.92E-

05) 

2.807 (3.34E-

28)   0.549 

(0.150647) 

0.514 

(0.198448) 

1.029 

(0.002724)   1.324 (8.96E-

05) 

0.122 

(0.594311) 

1.82 (1.91E-

10) 

0.363 

(0.410304) 

2.001 

(3.14E-07) 

0.881 

(0.072731) 

0.262 

(0.444264) 

MSAP-u                                 

                                  

uP01_1645 
0.816 
(0.107557) 

1.275 (1.64E-
07) 

0.101 
(0.743412) 

1.069 
(0.002695)   1.41 

(0.002149) 
1.241 
(0.001386) 

1.231 
(0.003156)   0.05 

(0.658654) 
0.578 
(0.313297) 

1.534 
(0.001080) 

3.746 
(2.49E-50) 

0.125 
(0.515055) 

0.751 
(0.007216) 

3.343 
(9.05E-30) 

uP01_3300 
0.527 

(0.300453) 

0.576 

(0.034089) 

0.233 

(0.555199) 

0.727 

(0.060821)   0.86 

(0.083701) 

1.022 

(0.011066) 

0.263 

(0.371485)   0.755 

(0.037481) 

0.733 

(0.181593) 

0.519 

(0.370245) 

1.342 

(4.87E-07) 

0.467 

(0.015748) 

0.018 

(0.664813) 

1.099 

(0.000764) 

uP04_1607 
0.211 
(0.507482) 

0.25 
(0.435156) 

1.91 (1.83E-
11) 

1.634 (1.17E-
06)   0.944 

(0.055377) 
0.74 
(0.0911960) 

0.913 
(0.031610)   4.826 (7.79E-

56) 
1.312 
(0.00539) 

0.547 
(0.338715) 

0.699 
(0.015657) 

0.431 
(0.026861) 

0.821 
(0.003042) 

1.744 
(1.14E-08) 

uP04_2005 
0.695 

(0.182039) 

0.245 

(0.444915) 

1.503 (2.51E-

07) 

0.444 

(0.300535)   0.72 

(0.161565) 

0.388 

(0.424388) 

0.141 

(0.424214)   0.747 

(0.039671) 

0.371 

(0.505559) 

0.167 

(0.764104) 

0.334 

(0.34515) 

0.103 

(0.571088) 

1.006 

(0.000230) 

0.317 

(0.550845) 

uP04_2220 
0.693 
(0.182252) 

0.564 
(0.037831) 

0.075 
(0.761081) 

0.342 
(0.427719)   1.933 (2.25E-

05) 
0.407 
(0.395822) 

0.22 
(0.3860340)   0.357 

(0.362329) 
1.19 
(0.013987) 

0.625 
(0.269601) 

0.894 
(0.00117) 

0.292 
(0.148261) 

0.908 
(0.000966) 

1.075 
(0.001020) 

uP04_2337 
0.769 

(0.131916) 

0.12 

(0.681338) 

0.595 

(0.085469) 

1.017 

(0.004322)   1.485 

(0.001187) 

0.739 

(0.091196) 

0.155 

(0.412947)   0.898 

(0.01163) 

2.012 (1.79E-

05) 

0.336 

(0.604975) 

1.554 

(3.34E-09) 

0.807 

(1.35E-05) 

1.748 

(2.04E-11) 

1.968 

(1.09E-10) 

uP06_2114 
1.334 
(0.005338) 

0.237 
(0.455584) 

1.064 
(0.000574) 

0.991 
(0.00578)   0.47 

(0.362918) 
0.083 
(0.717664) 

0.746 
(0.086780)   0.864 

(0.01559) 
0.294 
(0.570250) 

1.333 
(0.005398) 

0.163 
(0.681563) 

1.212 
(2.04E-11) 

1.555 
(2.89E-09) 

0.013 
(0.998502) 

uP06_2725 
1.74 

(0.0002123) 

0.211 

(0.510321) 

0.824 

(0.010793) 

1.029 

(0.003902)   1.116 

(0.019733) 

0.55 

(0.2385517) 

1.236 

(0.003110)   0.558 

(0.136339) 

0.629 

(0.262431) 

0.92 

(0.0745736) 

0.095 

(0.780301) 

1.139 

(3.60E-10) 

1.178 

(1.14E-05) 

0.654 

(0.080463) 

                                  

uP06_2955 
1.394 
(0.003492) 

0.274 
(0.372325) 

1.507 (2.44E-
07) 

3.205 (1.10E-
24)   0.618 

(0.228747) 
1.49 (7.56E-
05) 

1.709 (2.66E-
05)   0.759 

(0.036449) 
0.133 
(0.66990) 

0.591 
(0.300411) 

3.052 
(7.47E-34) 

0.285 
(0.161243) 

0.865 
(0.00173) 

1.801 
(3.75E-09) 

uP11_1518 
0.491 

(0.334604) 

1.024 (3.36E-

05) 

1.062 

(0.000575) 

0.492 

(0.238223)   0.207 

(0.583200) 

0.352 

(0.467760) 

0.499 

(0.238684)   0.663 

(0.071662) 

0.836 

(0.119821) 

0.698 

(0.203415) 

0.475 

(0.125736) 

1.495 

(8.91E-17) 

1.519 

(6.52E-09) 

0.561 

(0.151420) 

uP11_2397 
0.877 
(0.081260) 

0.19 
(0.565716) 

0.402 
(0.284064) 

0.567 
(0.16046)   1.766 

(0.000104) 
0.697 
(0.116579) 

0.444 
(0.266742)   0.716 

(0.048519) 
1.407 
(0.00269) 

0.561 
(0.325555) 

1.852 
(8.34E-13) 

0.242 
(0.251781) 

0.094 
(0.592846) 

1.383 
(1.10E-05) 

uP11_2731 
1.00 

(0.042375) 

0.33 

(0.28253) 

0.09 

(0.7528409) 

0.334 

(0.438089)   0.956 

(0.051614) 

0.543 

(0.240965) 

0.008 

(0.498109)   1.521 (5.35E-

06) 

1.642 

(0.000451) 

1.072 

(0.03548) 

0.397 

(0.230093) 

0.051 

(0.619869) 

0.348 

(0.253570) 

0.297 

(0.597633) 

uP13_1712 
0.80 
(0.115851) 

2.098 (3.41E-
19) 

0.632 
(0.060506) 

0.048 
(0.755978)   0.549 

(0.282357) 
1.045 
(0.008976) 

0.791 
(0.068699)   1.159 

(0.000711) 
0.981 
(0.055634) 

0.722 
(0.182955) 

0.05 
(0.804068) 

0.137 
(0.485557) 

0.341 
(0.264080) 

0.565 
(0.149949) 

uP13_2407 
3.077 (1.60E-

12) 

0.666 

(0.011764) 

1.838 (1.15E-

10) 

2.503 (3.92E-

15)   3.005 (2.11E-

12) 

3.815 (3.27E-

28) 

1.118 

(0.008192)   1.429 (1.98E-

05) 

1.454 

(0.001960) 

1.146 

(0.021357) 

0.748 

(0.008783) 

0.04 

(0.636391) 

0.988 

(0.000307) 

0.084 

(0.976227) 



uP13_2955 
1.045 

(0.035037) 

1.062 (1.63E-

05) 

0.158 

(0.714560) 

0.90 

(0.014357)   0.705 

(0.166000) 

0.597 

(0.197118) 

0.961 

(0.023323)   3.234 (3.46E-

25) 

2.488 (3.43E-

08) 

0.526 

(0.361989) 

1.26 

(2.71E-06) 

0.883 

(1.71E-06) 

0.401 

(0.181586) 

0.549 

(0.15998) 

uP22_2301 
2.175 (1.69E-

06) 

1.034 (2.77E-

05) 

0.373 

(0.318465) 

0.749 

(0.051457)   1.287 

(0.005659) 

2.326 (1.21E-

10) 

1.121 

(0.008102)   0.142 

(0.617756) 

1.433 

(0.002247) 

0.455 

(0.446790) 

1.642 

(3.32E-10) 

0.134 

(0.495220) 

0.487 

(0.099063) 

1.3 (3.94E-

05) 

uP23_1949 
0.881 

(0.08060) 

0.145 

(0.666839) 

1.085 

(0.000446) 

0.875 

(0.017711)   0.023 

(0.690156) 

0.424 

(0.375438) 

0.21 

(0.386034)   0.002 

(0.693590) 

0.212 

(0.625304) 

0.131 

(0.77933) 

0.908 

(0.000952) 

0.818 

(1.03E-05) 

0.29 

(0.349524) 

0.078 

(0.984870) 

uP23_2338 
0.535 

(0.295623) 

0.705 

(0.007244) 

0.481 

(0.183969) 

0.977 

(0.006662)   0.23 

(0.5571765) 

0.723 

(0.099709) 

1.845 (4.90E-

06)   0.039 

(0.666270) 

1.424 

(0.002362) 

0.464 

(0.43570) 

0.516 

(0.094835) 

0.226 

(0.282283) 

0.927 

(0.000742) 

0.075 

(0.986736) 

                                  

uP23_2377 
0.429 

(0.385178) 

1.088 (1.01E-

05) 

0.519 

(0.149772) 

1.199 

(0.000703)   0.403 

(0.433252) 

0.443 

(0.345440) 

1.015 

(0.016177)   0.509 

(0.173866) 

0.644 

(0.251163) 

0.65 

(0.246587) 

0.836 

(0.00278) 

0.96 (1.55E-

07) 

2.663 

(7.46E-26) 

0.228 

(0.738651) 

uP32_2177 
0.647 

(0.222962) 

0.148 

(0.661193) 

0.293 

(0.472371) 

0.285 

(0.528862)   0.708 

(0.165385) 

0.443 

(0.345440) 

0.574 

(0.197040)   0.172 

(0.612497) 

0.263 

(0.590695) 

0.979 

(0.058992) 

0.18 

(0.6665547) 

0.01 

(0.668043) 

1.743 

(2.17E-11) 

1.084 

(0.000914) 

uP32_2569 
1.3 

(0.00701519) 

1.164 (2.44E-

06) 

0.655 

(0.052418) 

0.635 

(0.107391)   1.317 

(0.004673) 

1.675 (7.58E-

06) 

1.451 

(0.000380)   0.034 

(0.666270) 

0.329 

(0.542905) 

0.762 

(0.163618) 

3.552 

(1.20E-45) 

0.292 

(0.148261) 

0.614 

(0.031321) 

2.173 

(8.93E-13) 

uP33_1802 
0.332 

(0.473742) 

0.775 

(0.002564) 

0.539 

(0.133996) 

1.214 

(0.000592)   0.329 

(0.516078) 

0.075 

(0.719790) 

1.347 

(0.001120)   0.731 

(0.043231) 

0.56 

(0.3321737) 

0.221 

(0.743861) 

0.108 

(0.767668) 

0.365 

(0.065707) 

1.554 

(2.89E-09) 

0.341 

(0.508692) 

uP33_1861 
0.065 

(0.605631) 

1.156 (2.61E-

06) 

0.701 

(0.035186) 

0.546 

(0.179458)   0.446 

(0.387909) 

0.081 

(0.717664) 

1.074 

(0.01166)   0.008 

(0.689256) 

0.918 

(0.078457) 

0.735 

(0.178039) 

1.243 

(3.50E-06) 

0.334 

(0.095416) 

3.074 

(2.29E-34) 

0.528 

(0.184151) 

uP36_1659 
0.129 

(0.557277) 

0.999 (5.39E-

05) 

1.104 

(0.000352) 

2.382 (7.78E-

14)   0.537 

(0.289015) 

0.384 

(0.428411) 

1.649 (4.61E-

05)   0.648 

(0.078906) 

1.363 

(0.003746) 

0.001 

(0.837985) 

0.225 

(0.57492) 

1.085 

(2.42E-09) 

5.246 

(1.13E-99) 

0.108 

(0.969872) 

uP36_1889 
0.818 

(0.107556) 

0.576 

(0.034089) 

0.888 

(0.005556) 

1.503 (9.24E-

06)   1.734 

(0.000132) 

0.693 

(0.116579) 

0.986 

(0.019646)   0.122 

(0.628824) 

0.053 

(0.731046) 

1.577 

(0.000801) 

0.192 

(0.652418) 

1.813 

(4.03E-24) 

0.172 

(0.519597) 

0.433 

(0.342412) 

uP36_3759 
0.571 

(0.269435) 

1.352 (2.64E-

08) 

0.702 

(0.035186) 

1.322 

(0.00014)   0.197 

(0.591440) 

0.694 

(0.116579) 

1.955 (1.03E-

06)   0.382 

(0.335680) 

1.177 

(0.015010) 

0.319 

(0.625703) 

0.298 

(0.422053) 

0.645 

(0.000645) 

3.489 

(3.75E-44) 

0.423 

(0.364847) 

 

 

 



 
Supplementary Table S5. Summary of the analysis of molecular variance (AMOVA) among 

population clusters and among populations based on total and outlier genetic and epigenetic variations 

 

Source of variation Data df Sum of 

squares 

Percent of 

variation 

Φ Statistics P value 

AFLP       

Between north and south of the 

HMR 

Total 

Outlier 

1 370.182 

164.380 

9.67 

21.07 

ΦST = 0.0967 

ΦST = 0.2107 

< 0.001 

< 0.001 

Within north and south of the HMR Total 

Outlier 

241 7322.197 

1371.629 

90.33 

78.93 

   

Total Total 

Outlier 

242 7692.379 

1356.008 

100   

       

Among clusters 

 

Total 

Outlier 

2 730.656 

368.222 

10.91 

29.44 

ΦCT = 0.1091 

ΦCT = 0.2944 

< 0.001 

< 0.001 

Among populations within cluster  

 

Total 

Outlier 

9 562.716 

117.341 

5.56 

6.35 

ΦSC = 0.0624 

ΦSC = 0.0900 

< 0.001 

< 0.001 

Within populations Total 

Outlier 

231 6399.005 

1050.445 

83.53 

64.21 

ΦST = 0.1647 

ΦST = 0.3579 

< 0.001 

< 0.001 

Total Total 

Outlier 

242 7692.279 

1536.008 

100   

       

       

MSAP-m       

Between north and south of the 

HMR 

Total 

Outlier 

1 446.752 

218.568 

5.82 

18.72 

ΦST = 0.0582 

ΦST = 0.1872 

< 0.001 

< 0.001 

Within north and south of the HMR Total 

Outlier 

241 14441.887 

2101.868 

94.18 

81.28 

   

Total Total 

Outlier 

242 14888.642 

2320.436 

100   

       

Among clusters Total 

Outlier 

2 970.636 

476.203 

6.52 

24.94 

ΦCT = 0.0652 

ΦCT = 0.2494 

< 0.001 

< 0.001 

Among populations within cluster Total 

Outlier 

9 1168.162 

193.824 

6.25 

7.24 

ΦSC = 0.0668 

ΦSC = 0.0964 

< 0.001 

< 0.001 

Within populations Total 

Outlier 

231 12750.839 

1650.410 

87.24 

67.83 

ΦST = 0.1276 

ΦST = 0.3217 

< 0.001 

< 0.001 

Total Total 

Outlier 

242 14889.638 

2320.436 

100   

       

MSAP-u       

Between north and south of the 

HMR 

Total 

Outlier 

1 181.667 

95.463 

6.75 

16.85 

 

ΦST = 0.0675 

ΦST = 0.1685 

< 0.001 

Within north and south of the HMR Total 

Outlier 

241 5111.675 

1037.887 

93.25 

83.15 

   

Total Total 

Outlier 

242 5293.342 

1133.350 

100   

       

Among clusters Total 

Outlier 

2 421.576 

235.898 

8.26 

24.96 

ΦCT = 0.0826 

ΦCT = 0.2496 

< 0.001 

< 0.001 

Among populations within cluster Total 

Outlier 

9 452.099 

104.353 

7.27 

8.39 

ΦSC = 0.0793 

ΦSC = 0.1118 

< 0.001 

< 0.001 

Within populations Total 

Outlier 

231 4419.666 

793.099 

84.46 

66.65 

ΦST = 0.1554 

ΦST = 0.3335 

< 0.001 

< 0.001 

Total Total 

Outlier 

242 5293.342 

1133.350 

100   

       



 

 

Supplementary Table S6. Pairwise FST (below diagonal) and P values (above diagonal) between populations of Calocedrus formosana using 

ARLEQUIN with 10,000 permutations. 
 

 BSS CL FCH HS KW SKL SLS SML SS TC WL ZL 

AFLP             

BSS  0 0 0.00257 0 0 0 0 0 0 0 0 

CL 0.17251  0 0 0.34937 0.0096 0.0002 0 0.00762 0 0.0002 0 

FCH 0.18121 0.26235  0 0 0 0 0.0003 0 0 0 0 

HS 0.02502 0.17878 0.18479  0 0 0 0 0 0.0001 0 0 

KW 0.20647 0.00318 0.27072 0.2024  0 0 0 0.0003 0 0 0 

SKL 0.15247 0.04007 0.23614 0.16877 0.07033  0 0 0.02594 0 0.0004 0 

SLS 0.19622 0.10203 0.27647 0.19197 0.13505 0.07723  0 0.03267 0 0.0003 0 

SML 0.14301 0.18492 0.03734 0.14662 0.19447 0.17447 0.2148  0 0 0 0 

SS 0.13524 0.09012 0.26441 0.14918 0.11851 0.03443 0.03552 0.19386  0 0.4949 0.0001 

TC 0.03973 0.13914 0.16063 0.0382 0.1682 0.12837 0.12716 0.11381 0.09579  0 0 

WL 0.13897 0.074 0.22896 0.1575 0.11965 0.03983 0.06372 0.16169 -0.00229 0.1049  0 

ZL 0.1496 0.17349 0.11922 0.14447 0.19721 0.16594 0.19739 0.05289 0.16141 0.11605 0.14545  

             

             

MSAP-m             

BSS  0 0 0.00495 0 0 0 0 0 0 0 0 

CL 0.13667  0 0 0.29225 0.00168 0 0 0.00059 0 0 0 



FCH 0.13114 0.14854  0 0 0 0 0 0 0 0 0 

HS 0.02368 0.10218 0.11181  0 0 0 0 0 0.00069 0 0 

KW 0.14433 0.00384 0.15498 0.11265  0.0002 0 0 0.0003 0 0 0 

SKL 0.11399 0.04717 0.12802 0.1033 0.04876  0 0 0.01059 0 0.0002 0 

SLS 0.24374 0.14941 0.24454 0.22678 0.16179 0.11112  0 0 0 0 0 

SML 0.13386 0.12564 0.09032 0.11624 0.13999 0.109 0.16655  0 0 0 0 

SS 0.14282 0.08238 0.15212 0.13105 0.10378 0.04214 0.11431 0.10184  0 0.35897 0 

TC 0.04491 0.13382 0.11538 0.03835 0.13791 0.10173 0.18179 0.08972 0.11429  0 0 

WL 0.1361 0.08044 0.14238 0.12164 0.10338 0.04611 0.105 0.1033 0.00373 0.10672  0 

ZL 0.11312 0.14189 0.09133 0.10212 0.15716 0.12135 0.19924 0.04692 0.11616 0.10153 0.1152  

             

MSAP-u             

BSS  0 0 0 0 0 0 0 0 0 0 0 

CL 0.15958  0 0 0.05801 0 0.001 0 0.00109 0 0 0 

FCH 0.20155 0.23635  0 0 0 0 0 0 0 0 0 

HS 0.05129 0.12726 0.17535  0 0 0 0 0 0.0005 0 0 

KW 0.13284 0.02498 0.1896 0.10775  0.0001 0 0 0.00277 0 0 0 

SKL 0.13683 0.11274 0.17987 0.14048 0.06612  0 0 0.01148 0 0 0 

SLS 0.20959 0.17625 0.19479 0.18225 0.13087 0.09631  0 0.0002 0 0 0 

SML 0.1995 0.18805 0.11177 0.16186 0.18212 0.18219 0.16011  0 0 0 0 

SS 0.16777 0.11054 0.14248 0.13867 0.07619 0.04897 0.07279 0.14364  0.0003 0.81586 0 

TC 0.05762 0.1289 0.15117 0.04506 0.11903 0.11923 0.12562 0.12242 0.09744  0 0 

WL 0.17526 0.14238 0.1748 0.16765 0.11458 0.07186 0.06746 0.1745 -0.01649 0.11465  0 

ZL 0.1403 0.19428 0.11476 0.14121 0.17438 0.15158 0.17426 0.07104 0.15376 0.12967 0.17732  



 

 
Supplementary Table S7. P values of pairwise population comparisons of the eight environmental variables using PERMANOVA. 

 
 BSS CL FCH HS KW SKL SLS SML SS TC WL 

CL 0.0021           

FCH 0.0021 0.0021          

HS 1 0.0021 0.0021         

KW 0.0021 0.0021 0.0021 1        

SKL 1 1 0.0021 1 0.0021       

SLS 0.0021 1 1 1 1 0.0021      

SML 1 0.0021 1 0.0021 0.0021 0.0021 1     

SS 1 1 1 1 0.0021 0.0021 1 1    

TC 1 0.0021 0.0021 1 1 0.0021 0.0021 0.0021 0.0021   

WL 1 1 1 1 0.0021 1 0.0021 0.0021 1 1  

ZL 0.0021 0.0021 0.0021 1 1 0.0021 0.0021 1 1 1 1 

Significance determined by 999 permutations and a false discovery rate of 5%. 
 

 

 

 

 

 

 

 



 

Fig. S1 
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