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ABSTRACT 

Background and objective: The genetic structuring of populations could be explained by several parameters such as geographical 
distance and anthropogenic activities. The Niger date palm population is genetically structured into biogeographical distribution 
of subpopulations; however, it is important to find out the main causes of this structuring. Therefore, this study aims to assess 
whether this genetic structure is mainly attributable to the constraints related to the distribution of date palm in Niger.  

Materials and methods: The matrix of genetic distances (Fst), the matrix of geographic distances, and the anthropic activities matrix 
(Euclidean distance), between subpopulations were estimated. Mantel's test was used to determine the relationships between these 
matrices. Indeed, the Mantel test allowed to evaluate the influence of geographic distance matrices and that of the implementation 
of cultural practices on the matrix of genetic differentiation between subpopulations. The observed variation was compared to the 
theoretical at 100,000 repetitions for better accuracy.  

Results: This study showed a significant correlation between the genetic differentiation of subpopulations and the geographical 
distance between subpopulations (rm=0.280 and P-value=0.000) as well as with that of the implementation of cultural practices 
related to the date palm (rm=0.534 and P-value=0.000). The genetic variability between date palm subpopulations can be predicted 
according to the implementation of the cultural practices adopted by the producers and according to the geographical dispersion 
of the subpopulations. But the cause-and-effect analysis between genetic distances and geographic distances showed that this 
relationship is not directly causal, so it’s a spatial autocorrelation.  

Conclusion: This study is a reference that provides knowledge on the genetic variation between Phoenix dactylifera subpopulations 
according to anthropic and geographical factors. This serves as information for the sustainable conservation of date palm wealth 
in Niger.  
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INTRODUCTION 

Genetic variation between populations could be explained by 
processes like adaptation to local activities and environmental 
conditions (Aberlenc-Bertossi F, Castillo K, Tranchant-Dubreuil 
C, et al., 2014). The geographic distance limits genetic exchange 
between subpopulations, because the rate of migration is higher 
between the closest populations, lower between those that are 
further away (Balkenhol N., Waits L and Dezzani R, et al., 2009). 
The combination of local environmental conditions and genetic 
migration limited by the distance between subpopulations could act 
more on the local differentiation of allele frequencies which can 
considerably impact the genetic structure of populations. In the date 
palm areas of Niger, some palm groves are very far from each other 
and even though cultivation practices vary from one area to another 
and from one palm grove to another (Billotte N., Marseillac N., 
Brottier P., et al., 2004). The palm groves of Niger are distributed 
in the Saharan and Sahelian zones and that there is a relationship 
between the geographical distribution and the cultivation practices 
(Frankham R, et al., 1996). Furthermore, the history of palm groves 
in Niger shows that the two subpopulations have a different origin. 
The palm groves of the Sahara are old (1570 years) and therefore 
more sophisticated cultivation practices have been developed. 
Conversely, those of the Sahel are recent (100 years) and few 
cultural practices are applied. The same information was reported 
by the study carried out in Chad by Oumar, et al. The 
implementation of certain cultural practices such as modes of 
multiplication and modes of reproduction, leads to the appearance 
of new phenotypes and therefore a genotypic variation which can 
be interesting but also has several disadvantages [5].  
Genetic differentiation between subpopulations induced by 
geographic distance has been observed in many species [6], with a 
large literature devoted to identifying other environmental factors 
influencing diversity and genetic structuring of populations, but not 

yet on the date palm (Phoenix dactylifera). Thus, questions about 
the relationship between the genetic structure of populations and 
the environment are multiple. Can the understanding of the causes 
of genetic structure be improved by using geographical and cultural 
information’s? How to detect environmental and/or anthropic 
factors having a strong link with the genetic structure? Therefore, 
this study aims to: 

• Determine the effect of geographical distance on genetic
differentiation between date palm subpopulations,

• Evaluate the effect of cultural practices variation on
genetic differentiation between subpopulations of date
palm, and

• Determine the strength of the cultural practices factor in
relation to that of the geographical distance one.

MATERIALS AND METHODS 

Study area and data collection 

Study area and vegetal material: The study area is Saharan and 
Sahelian zones, two main bio geographical regions in which date 
palm growns in Niger (Figure 1). The saharan zone is generaly 
divided in Grand Nord and Air region while the Sahelian zone is 
divided in Manga and Damagaram regions. The plant material used 
consists of date palm leaf samples collected from Iférouane, Timia, 
Ingall, Bilma, Dirkou, Aguer, Aney, Achenouma, Siguidine and 
Djado (ten villages of Sahara in Agadez region) and from 
Guidimouni, Dan Kalou, Riria Loloji, Wacha, Lakiré, Jambirji, 
Kilboa, Anassaboul, Broumwadi and Madkwari (ten village of 
Sahel in Zinder and Damagaram regions). The samples were 
collected according to the geographical distribution of the species 
in order to cover the greatest possible genetic diversity, mainly in 
the Saharan and Sahelian zone. 

Figure 1. The study area: Sahara=cercle in full line and Sahel=cercle in none full line. 

Data collection: DNA was extracted from the young date palm leaves using the DNeasy Plant mini kit (Qiagen S.A., Courtaboeuf, 



France). DNA purification was performed with the PureLink 
purification kit (Invitrogen). After purification, the DNA 
concentrations were determined using the GeneQuant spectrometer 
(Amersham Pharmacia Biotech, France).  

Eighteen (18) microsatellite markers Simple Sequence Repeats 
SSRs, Billotte et al., and one minisatellite chloroplastic marker 
Henderson et al., were used to collect information from 140 date 
palm samples of twenty (20) palm groves (one per village) in four 
(04) sub-regions and of two (02) main areas.

Data analysis 

To compare the spatial relationship between subpopulations, we 
used the Principal Component Analysis (PCA) to assess the spatial 
genetic distribution of population units considered along spatial 
gradients. Principal Coordinates Analysis (PCoA) Peakall and 
Smouse based on the projection of genetic matrix distances 
constructed from the allelic frequencies based on molecular 
markers SSRs were performed. Genetic variation between 
subpopulations was evaluated using genetic differentiation index 
[7]. In order to analyze the relationship between date palm 
cultivation activities in palm groves, the geographical distribution 
and the genetic structure of date palm subpopulations, the Mantel 
test Peakall, Smouse was performed. Thus, the correlation between 
genetic distances and geographical distances matrices, and the one 
between genetic distances and the fidelity on cultural practices 
matrices was establish. 

The matrix of genetic distances as proportion of genetic 
differentiation between subpopulations Fst Meirmans was 
determined by: 

The Euclidean distance matrices from the implementation of date 
palm cultural practices and geographical distances were estimated 
by:  

With xi and xj are respectively the values of the ith and jth individual 
at locus x; yi and yj are respectively the values of the ith and jth 
individual at locus y; 𝐻𝐻𝑇𝑇 = 1 − ∑ 𝑃𝑃�𝑖𝑖

2𝐾𝐾
𝑖𝑖=1  the total expected 

heterozygosity in Hardy Weinberg equilibrium population; 𝐻𝐻𝑆𝑆 =
1 −∑𝑃𝑃𝑖𝑖2  the average intra-population heterozygosity; K the 
number of subpopulations and Pix and Piy the frequency of the ith 

allelic in subpopulation x or y. 

The correlation between genetic distances, geographical distances 
and fidelity to cultural practices matrices is carried out using the 
simple and partial Mantel test [8]. 

With N the number of elements of the upper or lower triangular 
part of the matrix, A and B are two distance matrices, A� and B� are 
respective averages of matrices A and B; SA and SB are of 
respective standard deviation matrices of A and B, and 𝑟𝑟𝑚𝑚  𝐴𝐴𝐴𝐴  the 
Mantel correlation coefficient. The value of an association 
parameter or a correlation coefficient, between the two matrices is 
calculated from the real data, then compared to the series of 
pseudo-values get from random permutation. This permutation test 
was carried out assuming that the considered matrices A and B 
have the same size (n × n), the rows and columns correspond to the 
same objects. 

Permutation design: The following steps were used: 
• Calculate the correlation coefficient rAB between the two

matrices using equation (3),
• Randomly permute the corresponding rows and columns

of one of the matrices to create a new matrix A’,
• Then calculate a new correlation coefficient rmA' B between

the permuted matrix and the non-permuted by using
equation (3),

• Repeat the steps 2 and 3 100,000 times for better precision 
of the test.

The tests and analysis of this study are carried out in the R version 
3.6.0 environment R Development Core Team. 

RESULTS 

Genetic distribution and spatial anthropic activities 

The Principal Component Analysis (PCA) carried on the 
subpopulation according to the implementation of cultural 
practices allows to see that the fidelity of cultural practices shows 
globally two groups mainly formed based on the multiplication 
mode which is seems a very important factor for genetic diversity 
(Figure 2). 



Figure 2. Distribution of subpopulations according to the fidelity of cultural practices. 

The Principal Coordinates Analysis (PCoA) on the matrix of 
genetic distances between subpopulations shows that the first two 
principal components subdivide the subpopulations into two main 
geographical groups (Figure 3). The first group is dominating by 
the Sahelian date palm and the second one is dominating by the 
Saharan date palm (Figure 4).  

But the PCoA by detailing a little the geographical origin in sub- 

 
regions (four sub-regions) including Damagaram and Manga 
(Sahel); the North (G_Nord) and Aïr (Sahara) shows a structure in 
three geographically distributed populations with a group of palm 
groves of Damagaram and Manga, another formed of the palm 
groves of the North and at the limit a third made up of Aïr palm 
groves (Figure 5). This grouping follows a more spatial 
organization [9]. 

Figure 3. Projection of the genetic distribution according to the main date palm areas: Sahara (Iférouane, Timia, Ingall, Bilma, Dirkou, 
Aguer, Aney, Achenouma, Siguidine and Djado); Sahel (Guidimouni, Dan Kalou, Riria Loloji, Wacha, Lakiré, Jambirji, Kilboa, 

Anassaboul, Broumwadi and Madkwari). 



Figure 4. Projection of the genetic distribution according to the date palm sub-regions: Air (Iferouane, Ingall and Timia); G_Nord 
(Bilma, Dirkou, Aguer, Aney, Achenouma, Siguidine and Djado); Damagaram (Guidimouni, Dan Kalou, Riria Loloji, Wacha, Lakiré, 

Jambirji) and Manga (Kilboa, Anassaboul, Broumwadi and Madkwari). 

Figure 5. Genetic structure of the different subpopulations based on the Fst matrix. 

Relationship between geographical distance and genetic 
variation 

The Mantel test shows, a positive and significant correlation 
between genetic and geographic distances with a correlation 
coefficient rm=0.280 (P-value=0.000). The genetic differentiation 
(Fst) increases with geographical distance. The theoretical genetic 
variation (0.0174) compared to the observed genetic variation 
(16.108) under Monte-Carlo permutation at 100000 by Mantel test 

(Figure 6), shows a considerable difference (P-value=0.000) with 
the Mantel correlation coefficient between the matrix of geographic 
distances and the matrix of genetic distances between the 
population units considered rm=0.28. The linear correlation 
between the matrix of genetic distances and geographic distances 
is not significant (P-value=0.391, [10]. This result shows that the 
relationship between genetic distance and geographic distance is 
not a causal relationship (Figure 7). 



Figure 6. Differentiation of the population into genetic groups explained by the geographical distance by the Monte-Carlo test with 
100,000 bootstraps. 

Figure 7. The genetic distance according to the geographical distance between subpopulations. The line corresponds to the regression 
line calculated. Fst=Genetic differentiation index, Geodist=Geographical distance. 

Relationship between cultural practices fidelity and genetic 
variation  

The results of studies on the Fst have already shown a decrease in 
the rate of heterozygosity in populations from North to South-East 
because in general the Fst grow from North to South-East (Figure 
5) [11]. In this part, the correlation between Fst values and the
index of the implementation of cultural practices within the
different subpopulations (palm groves) were estimate. From the
Mantel test, a positive and significant correlation was revealed
between genetic distances and the index of implementation of

cultural practices with a correlation coefficient rm=0.534 (P-
value=0.000). The Fst increases with the index of cultural practices 
fidelity. The theoretical genetic variation (0.078) compared to that 
observed variation (6.801) under the Monte-Carlo permutation at 
100000, the Mantel test (Figure 8) shows a considerable difference 
between them (P-value=0.000) and a significant mantel correlation 
coefficient (rm=0.534) between the two matrices. Figure 9 shows 
the linear correlation between the matrix of genetic distances Fst 
and the matrix of cultural practices distances is significant (P-
value=0.000) [12]. 



Figure 8. Differentiation of the population into genetic groups explained by the implementation of cultural practices by the Monte-Carlo 
test with 100,000 bootstraps. 

Figure 9. Representation of the genetic distance according to the implementation of cultural practices between subpopulations. The line 
corresponds to the regression line calculated on the data set. Fst=Index of genetic differentiation, ICP=Index of cultural practices 

implementation. 

DISCUSSION 

The date palm is of great socio-economic importance in Niger [13]. 
The date palm also appears essential in oasis agrosystems by 
creating cooler and humid local climatic conditions. Thus, it allows 
the cultivation of fruit trees, cereals or legumes Riou and its 
ecosystem services also allow the development of various forms of 
animal species, essential for the populations of the Saharan zone 
[14]. Indeed, it is therefore important to know not only the genetic 
structure, but also the anthropic and environmental parameters that 
influence its genetic structure for better conservation of this 
biological resource. Therefore, we are interested in this work on 
problems of spatial scale and we are interested in the diversity 
within the Phoenix dactylifera, for the effective conservation of the 
phoenicicole ressources in Niger (West Africa). One of the main 

objectives of this work is to evaluate the genetic status of date palm 
in Niger. Any genetically homogeneous species is threatened, so 
it’s important, for biodiversity conservation and for genetic 
diversity prediction, to understand its structuring into 
subpopulations and the parameters that influence it. Another 
objective of conservation biology is to ensure that environmental 
changes and human activities don’t affect the ecosystem balance, 
however, the study of the relationship between environment and 
genetic structure is essential. 

The genetic structure of date palm population in Niger can be firstly 
explained by cultural practices and secondly by the geographical 
distance which separates the population units. Knowledge of this 
population genetic structure will contribute to the search of date 
palm origin, which still remains a unknow in the world. One of the 



genetics aims is to understand how environmental heterogeneity 
can influence genetic structure and diversity. According to this 
study, the date palm population is spatially structured into genetic 
groups according to the biogeographical zones of Niger. This 
biogeographic structuring is significantly linked to geographical 
distance and the exercise of certain anthropic activities related to 
date palm management. According to the regression coefficients, 
the relationship between genetic and geographic distance does not 
constitute a cause-and-effect relationship, so this significant test 
indicates that the genetic variability is structured in geographic 
areas, as a spatial autocorrelation. But, the relationship between 
genetic distribution and cultural practices could be a causal 
relationship [15]. 

Maintaining genetic variability is one of the major objectives of 
biodiversity conservation [16]. Knowledge of inter- and intra-
population genetic variation provides essential information for the 
formulation of good direct management strategies for the 
conservation of biological resources Milligan et al. both in situ and 
ex situ. Given that the genetic structure of this species exhibits 
genetic diversity and gene exchange in the population suggest that 
genetic drift is currently not of great concern for this species. The 
discovery of pollen flow and the effects of population structure of 
this species, population fragmentation is associated with 
population size, decreases and increases the geographic separation 
of populations, reducing its success rate of breeding [17]. However, 
assessing the risk of population extinction is a central problem in 
conservation biology. As we saw in the introduction part, 
geographically isolated populations are subject to environmental 
variations, and can suffer of demographic and genetic problems 
that can increase their risk of extinction. Genetic problems are 
linked to the phenomena of drift leading to a loss of genetic 
diversity. The level of genetic diversity is often measured in natural 
populations by the level of individual heterozygosity and by the 
number of alleles observed at neutral nuclear loci. It is shown that 
data on genetic variability at nuclear markers can provide 
indications of extinction risks [18]. Moreover, these patterns of 
genetic variability, resulting from past and present characteristics 
of demographic events, can provide information on the risks of 
extinction that are difficult to obtain with purely ecological or 
demographic analyses, although this link between the level of 
genetic variability and extinction risk is not clearly established, 
some studies have shown negative correlations between 
heterozygosity and species extinction risk [19]. The Fst values are 
variable between date palm subpopulations in Niger, which 
suggests that the risk of extinction also varies between these 
population units. Therefore, from one biogeographical zone to 
another and according to the model of cultural practices carried out 
in the palm groves, we can predict the genetic diversity and the 
origin of the sub-population [20].  

CONCLUSION 

Date palm subpopulations in Niger are structured into 
biogeographically distributed groups. The geographical distances 
between the palm groves and those of implementation of certain 
cultural practices like, modes of multiplication, types of pollination 
can explain the genetic differentiation between these population 

units. Thus, the distance of the implementation of cultural practices 
influences more considerably the genetic structuring of the date 
palm in Niger. This study shows that the anthropic activity related 
to the date palm management carried out in the palm groves and 
the geographical distribution of the palm groves are the best 
predictors of the genetic distance between the population units of 
the date palm in Niger. Date palm genetic resources are part of the 
national heritage of several countries in the world, its use and 
conservation must therefore be the subject of explicit national 
policies. Hence, it’s very interesting to consider at the national, 
regional and international global level of conservation for genetic 
diversity and biological resources concerning species whose range 
extends over several countries such as the date palm and especially 
of great socio-economic and ecological importance, and also very 
adapted to very precarious climatic conditions.  

ACKNOWLEDGEMENTS 

This research was financed by Sud Expert Plantes Development 
Durable (SEP2D) program from the Institute of Research for 
Development (IRD/France) under the Project AAP2-146 “Date 
Palm Agro-Biodiversity in Sahel”. Thanks to farmers and village 
leaders who have agreed to work with us. Authors would like also 
to thank ONG GASSAR, Oasis Development Support Association 
in Niger for the facilities. 

CONFLICT OF INTEREST 

The authors declare that they have no conflict of interest. 

REFERENCES 

Aberlenc-Bertossi F, Castillo K, Tranchant-Dubreuil C (2014). In 
silico mining of microsatellites in coding sequences of the date 
palm (Arecaceae) genome, characterization, and transferability. 
Appli. Plant. Sci 2: 1300058.   

Balkenhol N, Waits L, Dezzani R (2009). Statistical approaches in 
landscape genetics: an evaluation of methods for linking 
landscape and genetic data. Ecography. 32: 818-830.  

Billotte N, Marseillac N, Brottier P (2004). Nuclear microsatellite 
markers for the date palm (Phoenix dactylifera L.): 
characterization and utility across the genus Phoenix and in 
other palm genera. Mol. Ecol. Notes. 4: 256-258.  

Frankham R. (1996). Relationship of genetic variation to 
population size in wildlife. Consevation. Biology 10: 1500-
1508.  

Frankham R. Ralls K (1998). Conservation biology-Inbreeding 
leads to extinction. Nature. 392: 441-442. 

Gideon SB, Peter LR, Graham MC (2013). Disentangling the 
effects of geographic and ecological isolation on genetic 
differentiation. Evolution. 67: 3258-3273.  

Grenade R (2013). Date Palm as a Keystone Species in Baja 
California Peninsula Mexico Oases. J. Arid. Environ. 94: 59-
67.  

Henderson SA, Billotte N, Pintaud JC (2006). Genetic isolation of 
Cape Verde Island Phoenix atlantica (Arecaceae) revealed by 
microsatellite markers. Conserv. Genet 7: 213-223.  

https://bsapubs.onlinelibrary.wiley.com/doi/10.3732/apps.1300058
https://bsapubs.onlinelibrary.wiley.com/doi/10.3732/apps.1300058
https://bsapubs.onlinelibrary.wiley.com/doi/10.3732/apps.1300058
https://nsojournals.onlinelibrary.wiley.com/doi/epdf/10.1111/j.1600-0587.2009.05807.x
https://nsojournals.onlinelibrary.wiley.com/doi/epdf/10.1111/j.1600-0587.2009.05807.x
https://nsojournals.onlinelibrary.wiley.com/doi/epdf/10.1111/j.1600-0587.2009.05807.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00634.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00634.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00634.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00634.x
https://conbio.onlinelibrary.wiley.com/doi/10.1046/j.1523-1739.1996.10061500.x
https://conbio.onlinelibrary.wiley.com/doi/10.1046/j.1523-1739.1996.10061500.x
https://academic.oup.com/evolut/article/67/11/3258/6851428?login=false
https://academic.oup.com/evolut/article/67/11/3258/6851428?login=false
https://academic.oup.com/evolut/article/67/11/3258/6851428?login=false
https://www.sciencedirect.com/science/article/abs/pii/S0140196313000323?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0140196313000323?via%3Dihub
https://link.springer.com/article/10.1007/s10592-006-9128-7
https://link.springer.com/article/10.1007/s10592-006-9128-7
https://link.springer.com/article/10.1007/s10592-006-9128-7


Ibrahim AML, Zango O, Inoussa MM, Rafiou A, Abba Mahmoud 
OH, Chabrillange N, Bakasso Y (2020). Impact of Cultural 
Practice, Socio-economic Level and Environment on the 
Profitability of the Date Palm (Phoenix dactylifera L.) in Niger 
(West Africa). Asian J. Res. Agric. Forest. 5: 42-52.  

Ludena B, Chabrillange N, Aberlenc-Bertossi F, Adam H, Tregear 
JW, Pintaud JC (2011). Phylogenetic utility of the nuclear genes 
Agamous 1 and phytochrome B in palms (Arecaceae): an 
example within Bactridinae. Ann. Bot. 108:  1433-1444.  

Meirmans PG, Hedrick PW (2011). Assessing population structure: 
Fst and related measures. Mol. Ecol. Resour. 11: 5-18.  

Milligan BG, Leebens-Mack J, Strand AE (1994). Conservation 
genetics: Beyond the maintenance of marker diversity. Mol 
Ecol 3: 423-435.  

Oumar HAM, Oumarou Z, Naoura G, Maman Laouali AI, Joseph 
MB (2022). Agrobiodiversity and Sustainability of Oasis 
Agrosystems in Palm Groves of Sahara and Sahel in Chad. J. 
Agric. Sci. 14. 

Peakall R, Smouse PE (2006). GENALEX 6: genetic analysis in 
Excel; population genetic software for teaching and research. 
Molecular Ecology. Notes. 6: 288-295.  

Saccheri I, Kuussaari M, kankare M, Vikman P, Forteluis W, 
Hanski I (1998). Ingreeding and extinction of butterfly 
metapopulation. Nature. 392: 491-494.  

Setsuko S, Nagamitsu T, Tomaru N (2013). Pollen flow and effects 
of population structure on selfing rates and female and male 
reproductive success in fragmented Magnolia stellata 
populations. BMC. Col. 13:10-22.   

Wright S (1943). Isolation by distance. Genetics. 28: 114-138.  
Wright S (1951). The genetical structure of populations. Ann. 

Eugenics. 15: 323-354.  
Zango O, Rey H, Bakasso Y, Lecoustre R, Aberlenc F, Pintaud JC 

(2016). Local Practices and Knowledge Associated with Date 
Palm Cultivation in Southeastern Niger. Agric. Sci. 7: 586-603. 

Zehdi-Azouzi S, Cherif E, Moussouni S, Gros-Balthazard M 
(2015). Genetic structure of the date palm (Phoenix dactylifera 
L.) in the Old World reveals a strong differentiation between 
eastern and western populations. Ann. Bot. 116: 101-112.  

(MRPFT)

https://journalajraf.com/index.php/AJRAF/article/view/90
https://journalajraf.com/index.php/AJRAF/article/view/90
https://journalajraf.com/index.php/AJRAF/article/view/90
https://journalajraf.com/index.php/AJRAF/article/view/90
https://academic.oup.com/aob/article/108/8/1433/160422?login=false
https://academic.oup.com/aob/article/108/8/1433/160422?login=false
https://academic.oup.com/aob/article/108/8/1433/160422?login=false
https://onlinelibrary.wiley.com/doi/10.1111/j.1755-0998.2010.02927.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1755-0998.2010.02927.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-294X.1994.tb00082.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-294X.1994.tb00082.x
https://academic.oup.com/bioinformatics/article/28/19/2537/288671?login=false
https://academic.oup.com/bioinformatics/article/28/19/2537/288671?login=false
https://academic.oup.com/bioinformatics/article/28/19/2537/288671?login=false
https://www.nature.com/articles/33136
https://www.nature.com/articles/33136
https://bmcecol.biomedcentral.com/articles/10.1186/1472-6785-13-10
https://bmcecol.biomedcentral.com/articles/10.1186/1472-6785-13-10
https://bmcecol.biomedcentral.com/articles/10.1186/1472-6785-13-10
https://bmcecol.biomedcentral.com/articles/10.1186/1472-6785-13-10
https://academic.oup.com/genetics/article/28/2/114/6033172?login=false
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-1809.1949.tb02451.x
https://www.scirp.org/journal/paperinformation?paperid=70580
https://www.scirp.org/journal/paperinformation?paperid=70580
https://academic.oup.com/aob/article/116/1/101/150473?login=false
https://academic.oup.com/aob/article/116/1/101/150473?login=false
https://academic.oup.com/aob/article/116/1/101/150473?login=false

