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AbstractArticle Info

Importance of the work: A Luffa cylindrica (sponge gourd) germplasm collection  
based in Thailand is vital for breeding programs to improve fruit quality and enhance  
the biotic and abiotic adaptive traits or commercial traits. 
Objectives: To explore the population structure and diversity in the germplasm collection. 
Materials & Methods: Germplasm consisting of 254 accessions was evaluated using 
3,442 single nucleotide polymorphisms based on DArTSeq genotyping-by-sequencing 
technology. 
Results: The collection was divided into two (K = 2) genetic subpopulations based on 
STRUCTURE analysis. The genetic differentiation between these two clusters (F statistic 
[FST] 0.076) and variance based on the analysis of molecular variance analysis (7.6%) revealed  
a low differentiation between the two subpopulations. These results corresponded with 
principal coordinates analysis and neighbor-joining analysis in which the accessions were 
weakly clustered. The total collection displayed moderate diversity (expected heterozygosity 
= 0.310 and observed heterozygosity = 0.267) accompanied by low inbreeding (inbreeding 
coefficient = 0.138, and global inbreeding coefficient = 0.205). A range of simulated core 
collections was generated for practical field evaluation and to reduce the cost of seed 
maintenance in the gene bank, from which 20% of the total accessions were considered ideal. 
Main finding: The moderate-to-low diversity germplasm within the population will be 
useful for improving sponge gourd in Thailand. Increasing the diversity of sponge gourd 
germplasm in Thailand should be considered. 
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Introduction

	 Luffa cylindrica (L.) Roem (sponge gourd) is an important 
cucurbit plant in tropical and subtropical regions with its  
center of origin and diversification in India (Filipowicz et al.,  
2014). Young fruits are edible for fresh consumption and  
are rich in nutrients, phenolic compounds, flavonoids 
and ascorbic acid or they can be used for their medicinal  
aspects (Azeez et al., 2013). Smooth luffa is well known in 
products made from matured, dried fruits having strong fibers 
and high porosity that are ideal for industrial commodities, 
such as insulation, filters and packing materials (Vianna et al.,  
2012). Given the importance of smooth luffa in Asia, this can be  
a crucial economic crop in Thailand for various applications.
	 Sponge gourd is one of the well-known agricultural products 
in Thailand (National Bureau of Agricultural Commodity and 
Food Standards, 2019) and can be an important economic 
agricultural product as an exported food or other products. 
For this reason, plant germplasm collections are essential to 
guarantee food security through plant breeding programs by 
preserving genetic resources. However, the increasing size 
of germplasm collections leads to high maintenance costs 
and management problems because of the need for proper 
conservation, regeneration, duplication and evaluation of the 
germplasm.
	 Establishing a core collection provides efficiency in 
germplasm management and better access to plant germplasm 
resources by selecting subsets that best represent the genetic 
diversity level of the larger collection. Core collections 
have been established using various methods such as 
simple-sequence repeat (SSR) markers in lima bean and 
chili (Gomes et al., 2020; Mongkolporn et al., 2015) and 
for phenotyping and geographical origin in sponge gourd  
(Mavi et al., 2018). Geographical passport data and 
phenotypic data can be informative but are also susceptible 
to environmental effects from both biotic and abiotic factors. 
Therefore, molecular markers provide rapid and reliable data 
unaffected by environmental factors or the growth stage of  
the plant and provide a stable source of information for 
assessing genetic diversity (Kordrostami and Rahimi, 2015). 
A major disadvantage of SSR markers is the laborious input 
required and low genome coverage.
	 Genotyping by sequencing (GBS) is a powerful tool for 
plant improvement. Advances in next-generation sequencing 
have provided rapid DNA sequencing at a lower cost while 
generating large numbers of single nucleotide polymorphism 

(SNP) markers. Such is the case with the Diversity Arrays 
Technology Pty Ltd. methodology (DArT) markers generated 
through a complex reduction method based on polymerase chain 
reaction (PCR) fragmentation by PstI-MseI and SNP detection 
using GBS technology (Valdisser et al., 2017). The advantages 
of a large dataset of SNPs include more comprehensive 
genome profiling for studying genetic diversity due to 
their broader genome coverage, genetic linkage, molecular  
marker discovery and genotyping (Beissinger et al., 2013).
	 The present study aimed to assess the genetic diversity 
of L. cylindrica germplasm using DArTseq-derived SNPs as 
the basis for L. cylindrica crop improvement and to develop 
core collections for practical seed stock maintenance and 
morphological trait evaluation under field conditions.

Materials and Methods

Plant materials

	 In total, 254 L. cylindrica (L.) Rox were used, comprised 
of accessions from Bangladesh (1), Cambodia (1), China (3), 
Japan (1), Laos (46), the Philippines (5), Thailand (174) and 
Vietnam (23), conserved by the Tropical Vegetable Research 
Center (TVRC), Kasetsart University, Kamphaeng Saen 
Campus, Thailand and the World Vegetable Center (AVRDC), 
Taiwan (Table S1).

DNA extraction

	 Genomic DNA was extracted from 100 mg of pooled  
young leaves of seedlings age 2 wk from 20 plants per 
accession using a modified cetyltrimethylammonium bromide  
method (Doyle and Doyle, 1987). Precipitated DNA 
was resuspended in TE buffer (10 mM Tris-HCl; 1 mM 
ethylenediaminetetraacetate pH 8.0) containing 2 μg/mL 
RNase. DNA quality was evaluated using electrophoresis with 
a 1% agarose gel run in Tris-borate EDTA buffer at 100 V and 
was quantified using a NanoDrop 2000c spectrophotometer V 
1.6.0. The DNA concentration was adjusted to 50 ng/μL for 
GBS analysis.

Genotyping of L. cylindrica accessions using DArTseq

	 The genomic DNA samples were sent to Diversity 
Arrays Technology Pty Ltd. (Canberra, ACT, Australia)  
for whole-genome profiling using DArTseq genotype- 
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based sequencing (Von Mark et al., 2013). Briefly, DNA  
was digested using PstI-MseI restriction enzymes (Kilian  
et al., 2012). Then, the digested fragments were ligated to  
adapters and amplified using PCR (Raman et al., 2014),  
followed by sequencing using an Illumina Hiseq2000  
sequencing system. The single-read sequencing was run  
for several predetermined cycles; the sequences generated  
were handled by DArT privately-owned pipelines at 
Diversity Arrays Technology Pty Ltd. (Canberra, ACT, 
Australia). Poor-quality sequences were filtered from the 
files in FASTQ format in the primary pipeline by applying 
rigorous selection criteria to the barcode region (Barilli 
et al., 2018). Identified sequences per barcode sample 
were used for marker calling. Then, these files were  
used in the second pipeline with DArT P/L’s proprietary  
SNP calling algorithms (DArTsoftseq). The secondary  
pipeline generated various quality parameters, such as  
call rate, polymorphic information content and reproducibility.

Population structure and data analysis

	 The DArTseq-based SNPs were filtered using a call 
rate of 80% and a minor allele frequency greater than 5%.  
The population structure of the 254 L. cylindrica accessions 
was determined using the STRUCTURE version 2.3.4 software 
(Pritchard et al., 2000). Ten repeats were performed for  
each number of hypothetical clusters (K) ranging from  
1 to 10. Accessions were assigned to subpopulations based  
on an admixture model, a burning period of 50,000 steps  
and 100,000 Markov Chain Monte Carlo chains. The 
STRUCTURE results were analyzed and visualized using  
the R package, pophelper version 2.3.0 (Francis, 2017).  
The ideal number of K was calculated using the Evanno  
method (Evanno et al., 2005). The phylogenetic dendrogram  
was constructed using the weighted neighbor-joining method 
(Bruno et al., 2000) with the DARwin software version 6.0.021 
(Perrier and Jacquemoud-Collet, 2006), and it was visualized  
using FigTree version 1.4.4 (http://tree.bio.ed.ac.uk/software/
figtree/). Principal coordinates analysis (PCoA), expected 
heterozygosity (HE), observed heterozygosity (HO), pairwise  
FST, Nei’s coefficient of gene differentiation (GST), gene flow  
(Nm), the inbreeding coefficient (FIS) and global inbreeding 
coefficient (FIT) were calculated using ADEGENET version 
2.1.3 (Jombart and Ahmed, 2011) and HIERFSTAT version 
0.5-7 (Goudet, 2005) in the R statistical environment (R Core 
Team, 2020). Analysis of molecular variance (AMOVA)  
and the Shannon-Weiner diversity index (H) were calculated 

using the POPPR version 2.9.1 package (Kamvar et al., 2014). 
Jaccard’s genetic similarity coefficient (GS) was calculated 
using the ADE4 version 1.7-16 package in R (Dray and Dufour, 
2007).

Establishment of L. cylindrica core collection

	 Simulations for core collection sizes ranging from 20% 
to 100% in 5% increments were performed using the 3,442 
DArTseq-based SNPs in the COREHUNTER version 3.2.1 
package in R (De Beukelaer et al., 2018). The average 
accession-to-nearest-entry distance was used to generate 
diverse cores in which selected accessions expressed maximum 
dissimilarity. The modified Roger’s distance was used to 
measure the relative distance between the chosen accessions 
of each core collection. The Shannon-Weiner diversity index, 
HE, HO, SNPs and percentage of accessions retained in Cluster 
1 and Cluster 2 were used to evaluate the competency of each 
core collection.

Results and Discussion

Genetic structure of germplasm

	 The 254 L. cylindrica accessions could be divided into 
subpopulations based on STRUCTURE analysis using 
the 3,442 SNPs, as indicated by the highest value of ΔK, 
which indicated grouping into two clusters (K), as shown in  
Fig. 1A. Cluster 1 was composed of 162 (64%) accessions 
and Cluster 2 of 92 accessions (36%), as shown in Fig. 1B. 

Fig. 1	 Population structure of 254 Luffa cylindrica accessions: (A) K 
indicated by the highest ΔK; (B) proportion of individuals corresponding 
to each cluster
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Table 1	 Pairwise genetic differentiation between clusters identified based 
on STRUCTURE analysis

FST Neis GST Nm GS

STRUCTURE clustering Cluster 2 Cluster 2 Cluster 2 Cluster 2

Cluster 1 0.076 0.037 3.039 65%

FST = fixation index; Neis GST = Nei’s coefficient of gene differentiation; 
Nm = gene flow; GS = Jaccard’s genetic similarity coefficient

Fig. 2	 Principal coordinate analysis of 254 Luffa cylindrica accessions 
based on DArTseq single nucleotide polymorphisms, where colors 
correspond to STRUCTURE clustering

Table 2	 Analysis of molecular variance of 254 Luffa cylindrica accessions based on STRUCTURE clustering

ΔK = 2 Df Mean Sq Variance % Phi statistic (ϕ) p-value

Between populations 1 17870.11 72.14 7.6 0.08 0.001

Between samples within populations 252 938.70 63.57 6.7 0.07 0.001

Within samples 254 811.55 811.55 85.7 0.14 0.001

Total 507 908.39 947.26 100

ΔK = a method used for identification of the most probable number of populations; Df = degrees of freedom; Mean Sq = mean square

PCoA showed the relationship pattern between the two clusters 
(Fig. 2). The phylogenetic dendrograms displayed accessions 
almost evenly dispersed from each other, which added to the 
evenness in similarity across accessions in the L. cylindrica 
germplasm (Fig. 3). However, the dendrogram did not show  
a definite pattern with geographical origin except for accessions 
from Vietnam that were clustered together. The structure 
observed in a population reflects genetic variance amongst 
subpopulations that arises from collaborative events such as 
gene flow, genetic drift, and natural selection (Mitton, 2013). 
In terms of genetic differentiation, FST or GST values below 0.05 
are defined as low, values in the range 0.05–0.15 as moderate, 
above 0.15 to 0.25 as high and greater than 0.25 as very high  
(Xu et al., 2019). The moderate FST (0.076) and low  
Nei’s GST (0.037) values indicated that the differentiation  
between the two subpopulations was not high (Table 1).  
The substantial genetic similarity (GS = 65%) between Cluster 
1 and Cluster 2 supported the low genetic differentiation in  
the 254 L. cylindrica germplasm accessions that was also 
supported by the low population differentiation statistics  
(ϕ = 0.08) between the two clusters (Table 2). AMOVA 
supported highly significant (p = 0.001) STRUCTURE 
clustering with a low variance between the two clusters 
(7.6%), as shown in Table 2. The AMOVA analysis indicated  
highly significant differences at all levels based on 
STRUCTURE clustering. The total population of 254  
L. cylindrica accessions could be described as a panmictic 
population because most of the observed variance occurred 
within individuals (85.7%).

Genetic diversity in L. cylindrica

	 The L. cylindrica germplasm had a high degree of gene 
flow between populations. The low genetic differentiation  
(FST =0.076) between Cluster 1 and Cluster 2 indicated that  
the populations were less isolated, with an increased probability 
of crossing between the populations. The FST of the L. cylindrica 
germplasm was lower when compared to the FST of high 
subpopulation numbers of L. acutangula (Perez et al., 2021). 
It revealed more admixture between the two subpopulations 
of L. cylindrica than those subpopulations in ridge gourd. The 
present results indicated low inbreeding coefficients in Cluster 
1 (FIS = 0.064) and Cluster 2 (FIS = 0.185) and low global 
inbreeding (FIT = 0.205) in the whole germplasm, indicating 
that a low degree of inbreeding had occurred in the sponge 
gourd germplasm collection (Table 3). An overall lower 
global inbreeding (FIT = 0.057) and inbreeding coefficient 
(FIS = -0.092) have been reported in the high number of 
subpopulations in ridge gourd by Perez et al. (2021), indicating 
a lower degree of inbreeding occurred in ridge gourd.
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Fig. 3	 Radial weighted neighbor-joining phylogenetic dendrogram of 254 Luffa cylindrica accessions showing colors of accessions according to country 
of origin

Table 3	 Genetic diversity indices of 254 Luffa cylindrica accessions based on STRUCTURE clustering

N H HE HO FIS FIT

Cluster 1 162 5.088 0.311 0.291 0.064 -

Cluster 2 92 4.522 0.275 0.224 0.185 -

Total 254 5.537 0.310 0.267 0.138 0.205

N = number of accessions; H = Shannon-Weiner diversity index; HE = expected heterozygosity, HO = observed heterozygosity; FIS = inbreeding coefficient; 
FIT = global inbreeding coefficient

	 All alleles contributed evenly to the diversity in the entire 
population (H = 5.537), as shown in Table 3. The total HE 
(0.310) and HO (0.267) showed there was moderate genetic 
diversity in the whole population and corresponded with the 
low total FIS and FIT values (Table 3). The value of HE was 
greater than for HO, indicating that germplasm accessions  
were likely inbreeding subpopulations. However, the low 
inbreeding coefficients of Cluster 1 (FIS =0.064) and Cluster 2  
(FIS = 0.185) may indicate a random mating system in the 
commonly outcrossing L. cylindrica (Misra et al., 2017).

	 The moderately low diversity may likely stem from  
a bottleneck in the sponge gourd germplasm collection that is 
mainly made up of accessions from Southeast Asia, especially 
from Thailand. A recent study in sponge gourd using ISSR 
and start codon targeted markers reported moderate genetic 
variation partially attributed to a sole place of domestication 
and the use of a few landraces for hybridization (Tyagi  
et al., 2020). Similar results were observed in a collection of 
Ethiopian cowpea landraces, which also showed considerable 
diversity compared to the collection used worldwide (Ketema 
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et al., 2020). Another possibility may be the outcrossing nature 
of L. cylindrica, which would ensure gene flow throughout 
the whole population. The gene flow value (Nm = 3.039)  
was greater than 1 in the entire L. cylindrica collection, 
indicating substantial geneflow (Wright, 1984). Such may be 
the case in the L. cylindrica germplasm, where there is more 
gene flow than artificial selection. Therefore, the exchange 
of genotypes across Thailand may occur moderately without 
selective agricultural pressure, in contrast to the highly 
structured commercial ridge gourd germplasm (Perez et al., 
2021). Perhaps L. cylindrica has not been a major source of 
income for farmers. Therefore, widespread preservation of 
genotypes has occurred throughout Asia.

Establishment of core collections for practical use

	 A suitable core collection for taxonomist, geneticist and 
gene bank curators retains a uniform representation of the 
whole collection, minimizing the redundancy of the individuals 
selected and providing the smallest possible size to allow 
practical use. The simulated core collection at 20% of the total 
accessions represents adequate genetic diversity and marker 

quantities suitable for seed management and field evaluation in 
this germplasm (Table 4). The selected accessions in the 20% 
core collection is appropriate based on their evenness across 
the PCoA (Fig. S1). The core collection of 20% retained a high 
Shannon-Weiner diversity index value of 3.93, included 90% of 
total SNPs and maintained a corresponding ratio of accessions 
in Cluster 1 (64.7%) and Cluster 2 (35.4%) as observed in 
the whole collection (Table 4). A core collection capturing as 
much diversity and markers as possible is key for choosing 
appropriate collections for resource management or practical 
uses. Keeping 97% or more SNPs may be adequate but greatly 
depends on the purpose of the core collection (Ndjiondjop 
et al., 2017). A higher modified Roger’s distance indicates  
a higher distance between selected individuals (Wright, 1984). 
The 20% core collection had a moderate modified Roger’s 
distance value of 0.267. The HE and HO values of the 20%  
core collection captured substantial heterozygosity  
when compared to the whole germplasm collection (Table 4). 
Core collections lower than 35% exhibit a higher modified 
Roger’s distance which inversely correlates with a the number 
of selected accessions (Wright, 1984). However, the addition 
of accessions offers a more representative core collection. 

Table 4	 Genetic parameters for sampled cores ranging from 5% to 100%

% Core N MR SNPs % SNPs H HE HO % Cluster 1 % Cluster 2

5 13 0.347 2,696 78.3 2.56 0.350 0.336 46.2 53.8

10 25 0.318 2,901 84.3 3.22 0.331 0.264 52.0 48.0

15 38 0.291 3,093 89.9 3.64 0.320 0.256 60.5 39.5

20 51 0.267 3,101 90.1 3.93 0.316 0.218 64.7 35.3

25 64 0.245 3,035 88.2 4.16 0.318 0.211 65.6 34.4

30 76 0.225 3,107 90.3 4.33 0.314 0.199 64.5 35.5

35 89 0.204 3,129 90.9 4.49 0.314 0.205 62.9 37.1

40 102 0.184 3,181 92.4 4.62 0.313 0.210 62.7 37.3

45 114 0.166 3,189 92.6 4.74 0.313 0.218 64.0 36.0

50 127 0.147 3,193 92.8 4.84 0.311 0.220 64.6 35.4

55 140 0.129 3,207 93.2 4.94 0.310 0.224 63.6 36.4

60 152 0.113 3,265 94.9 5.02 0.310 0.233 63.8 36.2

65 165 0.096 3,268 94.9 5.11 0.310 0.242 62.4 37.6

70 178 0.079 3,287 95.5 5.18 0.311 0.248 64.0 36.0

75 190 0.065 3,308 96.1 5.25 0.311 0.255 64.7 35.3

80 203 0.050 3,342 97.1 5.31 0.312 0.263 64.5 35.5

85 216 0.036 3,369 97.9 5.38 0.312 0.267 63.9 36.1

90 229 0.022 3,383 98.3 5.43 0.312 0.270 63.8 36.2

95 241 0.011 3,426 99.5 5.48 0.311 0.270 63.5 36.5

100 254 0.002 3442 100.0 5.54 0.310 0.267 63.8 36.2

N = number of accessions; MR = Modified Roger's Distance; SNPs = single nucleotide polymorphisms; H = Shannon-Weiner diversity index;  
HE = expected heterozygosity, HO = observed heterozygosity

https://li01.tci-thaijo.org/index.php/anres/article/view/255701/174597
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Such an observation of a more representative core is supported 
by the Shannon-Weiner diversity index, HE and HO values of 
the different cores (Table 4). The HE value remained relatively 
similar in the simulated cores, while the Shannon-Weiner 
diversity index increased as the number of accessions increased 
in the core collections (Gomes et al., 2020). Another important 
consideration for developing a core collection is capturing as 
many high-quality SNPs from the whole germplasm (Pereira et 
al., 2020). The number of SNPs decreased from 3,442 to 3,101 
for the whole collection and 20% core collection, respectively. 
Therefore, keeping more than 90% of the SNPs is critical to 
increasing the chance of having markers spread throughout the 
L. cylindrica genome for subsequent work.
	 A sample taken from a whole collection can vary depending 
on the purpose, size of the collection, quality of phenotype or 
genotype characterization, evaluation of possible population 
structure from the whole collection and the sampling method 
used. In the present study, core collections of 20% and above 
30% of the total accessions retained more than 90% of the total 
SNPs. These simulated core collections would be useful in 
other experimental designs requiring a different population size.

Conclusion

	 There was a moderate-to-low genetic diversity in the 254 
sponge gourd germplasm accessions that could be divided 
into two subpopulations. This study also established a suitable 
core collection consisting of 20% of the whole germplasm 
for practical usage. The investigation should facilitate future 
work involving trait evaluation and selection for sponge gourd 
improvement in Thailand.
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