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Abstract
The nematode Metaparasitylenchus hypothenemi (Poinar) (Tylenchida: Allantonematidae) is a parasite of the 

coffee berry borer (Hypothenemus hampei), one of the most significant pests affecting coffee crops. This study 
aimed to analyze the genetic variation of M. hypothenemi using the mitochondrial cytochrome oxidase subunit 
I (COI) gene. Reproductive females of M. hypothenemi were extracted from parasitized wild coffee berry borers 
for DNA extraction, amplification, and sequencing. Phylogenetic analyses revealed 2 well-differentiated lineages 
and 6 haplotypes distributed across 18 populations along a 100 km transect. Global genetic diversity was moderate 
(Hd  =  0.52 ± 0.06), with a dominant haplotype present in 16 populations and others being representative or 
geographically isolated. Populations showed high genetic differentiation and restricted gene flow. These findings 
confirm the utility of the COI gene for analyzing the genetic variation of M. hypothenemi and provide a molecular 
basis for future studies on its biology and management.
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Introduction

The nematode, Metaparasitylenchus hypothenemi 
(Poinar) (Tylenchida: Allantonematidae), is an obligate 
endoparasite of the coffee berry borer (CBB), Hypo- 
thenemus hampei (Ferrari) (Coleoptera: Curculionidae, 
Scolytinae), the most important insect pest of coffee 
worldwide (Le Pelley, 1968). Metaparasitylenchus 
hypothenemi was discovered in a commercial coffee 
plantation in southeastern Mexico attacking H. hampei 
adults (Castillo et al., 2002). M. hypothenemi reduce the 
fecundity and longevity of the females H. hampei (Castillo 
et  al., 2019). This parasite-host relationship highlights 
the importance of studying its genetic variability and 
understanding its ecological role. The study of genetic 
variability in parasitic nematodes like M. hypothenemi 
requires molecular tools that enable precise population 
characterization. Among these, the mitochondrial gene 
cytochrome oxidase subunit I (COI) has proven to be 
an efficient marker for identifying specimens, clarifying 
evolutionary relationships among species, and analyzing 
population divergence (Hebert et  al., 2003; Marsjan & 
Oldenbroek, 2007). This marker has been successfully 
used to analyze population structure and infer phylogenetic 
relationships in related nematodes, including parasites and 
entomopathogens such as Heterorhabditis marelatus and 
Deladenus proximus (Blouin et al., 1999; Fitza et al., 2019; 
Hartshorn et  al., 2017; Saeb & David, 2014). However, 
there are few nematode sequences in both the BOLD 
Systems database and GenBank, and those corresponding 
to insect-parasitic nematodes are even scarcer, with M. 
hypothenemi being a species without previous genetic 
studies. The objective of this study was to analyze the 
genetic variability, in terms of the phylogeny, frequency 
of haplotypes and genetic differentiation between popula- 
tions of the nematode Metaparasitylenchus hypothenemi 

collected from Soconusco, the only region in the world 
where this nematode has been systematically recorded.

Materials and methods

Five reproductive females of M. hypothenemi were 
collected in each of 18 localities from the Soconusco 
region, Chiapas, Mexico (Table 1, Fig. 1). Reproductive 
females of M. hypothenemi were extracted from the 
abdominal cavity of H. hampei, which were obtained from 
100 coffee berries collected from coffee plants per locality. 
Reproductive females were selected for sampling due to 
their larger size compared to males, which facilitated 
DNA extraction and ensured the viability of the samples. 
Moreover, their genetic material plays a key role in 
transmitting genetic diversity to subsequent generations 
(Stewart & Larsson, 2014). The nematodes were stored in 
2.5 ml microtubes containing 96% alcohol at -20 °C, until 
molecular analysis. The samples obtained in each sampled 
locality were considered as a population.

DNA extraction, amplification, and sequencing. A 
total of 90 nematodes of M. hypothenemi were used 
for DNA extraction. Total DNA from each specimen 
was extracted from the body complete of the nematode 
using a standard glass fiber method (Ivanova et  al., 
2006). A barcode region of approximately 658 base 
pairs (bp) of the mitochondrial COI gene was amplified 
using the primers ZplankF1_t1 (5’-TGTAAAACGACG
GCCAGTTCTASWAATCATAARGATATTGG-3’) and 
ZplankR1_t1 (5’-CAGGAAACAGCTATGACTTCAGG
RTGRCCRAARAATCA-3’) (Prosser et  al., 2013). The 
final volume of the PCR mix was 12.5 µl, containing 
0.12 µl of each primer (0.01 µM), 0.6 µl of MgCl2 (50 
mM), 2 µl of ultrapure water, 0.06 µl of each dNTP (0.05 
mM), 1.25 µl of 10X PCR buffer, 6.25 µl of trehalose 
10%, 0.06 µl of Taq DNA polymerase (5U/µl) (Platinum® 
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Taq, Invitrogen), and 3.5 µl of DNA template (Hajibabaei 
et  al., 2005). The PCR amplification was carried out 
using the following conditions: 1 min at 94°C, followed 
by 5 cycles of 94˚C for 40 sec, 45˚C for 40 sec and 
72˚C for 1 min, followed by 35 cycles of 94˚C for 40 
sec, 51˚C for 40 sec and 72˚C for 1 min, with a final 
extension of 72˚C for 5 minutes. PCR products were 
checked for quality and length using electrophoresis 
on ethidium bromide stained, 2% agarose gels (E-Gel 

96 Invitrogen, Carlsbad, CA) and were bidirectionally 
sequenced by Eurofins Genomics (USA). The sequences 
were edited using Codon Code Aligner v. 8.0.1 (Codon 
Code Corporation) and uploaded to both the Barcode 
of Life Data System (BOLD, www.boldsystems.org) 
and GenBank. In BOLD, they were labeled as Parasitic 
Nematode of coffee berry borer (PNBC), and in 
GenBank, they were assigned the accession numbers 
MT520707 to MT520790. 

Figure 1. Geographic location of coffee plantations sampled to determine the presence of coffee berry borers infected with the 
nematode M. hypothenemi.
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Genetic diversity and population structure. The 
sequences were aligned using the ClustalW algorithm in 
the MEGA X v. 7.0.26 (Kumar et  al., 2018) software, 
optimizing global similarity to ensure accuracy in 
phylogenetic inferences. Genetic diversity was estimated 
by calculating the number of segregation sites (S), 
number of haplotypes (h), haplotype diversity (Hd), 
nucleotide diversity (Π) and average number of nucleotide 
differences (K) using the software DnaSP v. 6.12.03 
(Rozas & Librado, 2009). To test the hypothesis of neutral 
evolution and to understand potential demographic 
events, such as expansion trends, Tajima’s D (Tajima, 
1989) and Fu and Li’s D and F indices were estimated (Fu 
& Li, 1993). Genetic differentiation among populations 
was analyzed using the pairwise fixation index (FST). 
An analysis of molecular variance (AMOVA) was also 
performed to assess the statistical significance of FST 
values (Excoffier & Lischer, 2010). Two separate AMOVA 
analyses were conducted to determine whether genetic 
differentiation between these lineages was statistically 

significant: i) considering the populations as a panmictic 
group and ii) the populations were grouped based on 
the 2 phylogenetic lineages identified in the maximum 
likelihood tree. Furthermore, the number of migrants 
per generation (Nm), an indirect measure of gene flow 
between populations, was estimated. All analyses were 
performed using Arlequin v. 3.5 (Excoffier & Lischer, 
2010). The relationship between genetic differences (FST) 
and geographic distances among populations was analyzed 
using the Mantel test (Mantel, 1967). Two matrices were 
compared: genetic differences between population pairs 
and geographic distances (in kilometers). Geographic 
distances were calculated using QGIS v3.10.3 software 
(https://qgis.org). These distances were used to perform 
a Mantel test to assess the potential relationship between 
genetic differentiation and geographic separation in the 
context of an isolation-by-distance pattern. The statistical 
analysis was conducted in R (R Core Team, 2020) using 
the Vegan package (Oksanen et  al., 2010), with 1,000 
permutations to assess significance.

Table 1
Geographical locations where CBB samples infected with M. hypothenemi were collected in Mexico and Guatemala.

Municipality Locality Country Code Geographic coordinates

Latitude Longitude

Tapachula Santa Lucía Mexico SL 15°04’42.5’’ 92°13’42.5
Finca Brasil Mexico BR 15°05’50.3’’ 92°18’43.1’’

Cacahoatán Salvador Urbina Mexico SU 15°02’26.9’’ 92°12’03.9
La Alianza Mexico LA 15°02’40.8’’ 92°11’03.2’’
El Zapote Mexico EZ 15°02’08.4’’ 92°10’18.7’’
La Unidad Mexico LU 15°00’31.4’’ 92°09’53.2
Dos de Mayo Mexico DM 15°02’55.0’’ 92°09’14.5’’
Faja de Oro Mexico FO 15°02’56.4’’ 92°09’14.4’’
Rosario Ixtal Mexico RI 15°00’37.2’’ 92°09’28.0’’
San Antonio Mexico SA 15°00’24.2’’ 92°09’04.7’’

Unión Juárez Santo Domingo Mexico SD 15°01’37.5’’ 92°06’06.9’’
San Rafael Mexico SR 15°02’29.8’’ 92°07’10.3’’
San Jerónimo Mexico SJ 15°02’26.9’’ 92°08’08.9’’
Monte Perla Mexico MP 15°02’42.1’’ 92°05’17.8’’
Río Suchiate Mexico RS 15°03’26.1’’ 92°04’13.2’’
Once de Abril Mexico OA 15°03’14.8’ 92°08’30.9’’

Acacoyagua Los Cacaos Mexico LC 15°23’23’’ 92°39’13.0’’
San Pablo BuenaVista Guatemala BV 14°57’53.1 91°59’48.7’’
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The phylogeny of M. hypothenemi was inferred 
using RAxML v. 2.0. (Stamatakis, 2006). The General 
Time Reversible model with a proportion of invariant 
sites (GTR+I) was selected as the best approximation 
to the (TIM3+I) (-ln L 1,588.857; Delta-AIC  =  0.0; 
AIC  =  3,573.631) model obtained from the Akaike 
information criterion (AIC) (Akaike, 1974) analysis 
performed in JModelTest v. 0.1.1 (Posada, 2008). The 
analysis included 10,000 bootstrap replicates to ensure 
robust nodal support. Sequences of the nematode 
Howardula aoronymphium (Welch) (Tylenchida: 
Allantonematidae, GenBank: AY589466) was used as 
external group. The relationship between the identified 
haplotypes was analysed using a haplotype network 
generated in the PopART software v. 1.7 (Leigh & Bryant, 
2015), applying the Median-Joining criterion.

Results

A total of 76 sequences of 560 bp from M. hypothenemi 
were analysed revealing 93 polymorphic sites (16.6%), 
whose A-T content (67.6%) was higher than the G-C 
content (32.4%). Global genetic diversity was moderate 
(Hd  =  0.52 ± 0.06) (± SD) (Table 2). Ten populations 
presented zero diversity, while the SU and LC populations 
presented the highest genetic diversity from 18 populations 
(Table 2). The global neutrality tests were statistically 
significant according to Tajima values (D  =  -2.062, p 
< 0.05) and Fu and Li (D  =  2.167, p < 0.02) (Table 2). 
Tajima and Fu and Li values were not significant inside of 
each population. A total of 6 haplotypes were identified, 
including one dominant haplotype (H1 = 50) and 4 unique 
ones (H3 = 2, H4 = 1, H5 = 5, and H6 = 1). The dominant 
haplotype was present in 16 from 18 populations sampled, 
while the second most common haplotype (H2 = 17) was 
recorded in 8 populations (Table 3). 

High genetic differentiation was observed in M. 
hypothenemi, with a global value FST of 0.66 (p < 0.05) 
and a low number of migrants per generation (Nm = 0.50). 
The EZ, BR, and LC populations showed greater genetic 
differentiation than the rest of the populations, with an 
average distance between these and the other populations 
of 1.7-66.5 km, 9.5-50 km, and 50.5-87.5 km, respectively 
(Table 4). The smallest geographical distance was 
between the FO and DM populations (0.04 km), with 
no genetic differentiation between them. The AMOVA 
analysis conducted under panmictic indicate that genetic 
variation was greater between populations (66.61%) 
than within populations (33.39%). A second AMOVA, 
grouping populations according to the 2 phylogenetic 
lineages identified in the maximum likelihood tree, 
revealed a higher level of genetic differentiation between 

the lineages, with an FST of 0.99 (p < 0.01), indicating that 
the differentiation between the 2 lineages was statistically 
significant. In this second AMOVA, genetic variation was 
mainly distributed between lineages (99.42%) rather than 
within them (0.58%). The Mantel test revealed a significant 
correlation between the genetic pairwise distances and 
the geographic distances (km) among M. hypothenemi 
populations (r  =  0.4728, p < 0.0001), consistent with a 
pattern of isolation by distance. 

The tree topology revealed 2 independent clades with 
high support (> 90%). Clade I formed by 3 monophyletic 
groups, which corresponds to 96% of the specimens 
distributed in the municipalities of Tapachula, Cacahoatán, 
Unión Juárez, and San Pablo (Guatemala). Inside clade 
I, 2 subgroups were observed. The first subgroup had 
a bootstrap support value of 82%, while the second 
subgroup showed a higher support, with a bootstrap value 
of 99%. Clade II formed by 3 specimens belonging to the 
LC (Acacoyagua) population. A phylogenetic separation 
(16.5%) was observed between clade I and clade II 
specimens (Fig. 2).

The most frequent haplotype was H1, followed by 
H2. Both haplotypes were found in most of the studied 
sites, being particularly frequent in the municipalities of 
Tapachula, Cacahoatán, Unión Juárez, Acacoyagua, and 
San Pablo. On the other hand, H6 was exclusively detected 
in SU, in the municipality of Cacahoatán. H3 and H4 
were restricted to LC, in Acacoyagua, while H5 was only 
found in BR, in Tapachula. The distribution of haplotypes 
by municipality and their frequencies are shown in Table 
3. The inferred haplotype network identified H1 as 
the central, while the other haplotypes appeared as its 
derivatives. H4 diverged from H1 by 90 mutational steps, 
whereas H2, H5, and H6 diverged from H1 by only 1 
mutational step (Fig. 3C).

Discussion

This study presents the first genetic description of 
M. hypothenemi populations, a nematode endoparasite 
of H. hampei, whose presence has only been naturally 
recorded in several coffee plantations in Mexico (Pérez 
et  al., 2014). The genetic variability of M. hypothenemi 
suggests significant differentiation among its populations. 
Although not all populations exhibit the same degree of 
differentiation, the results support the hypothesis that 
this parasite is endemic to southeastern Mexico (Poinar 
et al., 2004). The genetic complexity of the populations of 
this parasite is similar to that observed in populations of 
endemic species (Blouin et al., 1999; Stock 2009). 

This study also includes the first genetic sequences 
of M. hypothenemi in the BOLD System database. The 
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COI gene has not yet been widely adopted as a tool for 
identifying parasitic nematode species, a high genetic 
structure in M. hypothenemi, an obligate parasite of H. 
hampei. 

Identifying and detecting M. hypothenemi using 
classical taxonomy remains challenging due to its small 

size and the subtlety of its morphological characteristics, 
requiring a fast and reliable method such as DNA barcoding 
(Gonçalves et  al., 2021). For example, 11 new marine 
nematode species from the Mexican Caribbean have been 
identified using this technique (Martínez et  al., 2020). 
However, the COI gene has not yet been widely used to 

Table 2
Estimation of the genetic diversity in 18 populations of the nematode M. hypothenemi collected in the Soconusco region, Chiapas, 
Mexico.

Population N S H Su Hd
(± SD)

Π
(± SD)

K Tajima Fu and Li

D D F

SL 5 1 2 0 0.600 
(0.175)

0.0010
(0.0003)

0.600 1.224 1.224 1.157

BR 5 0 1 0 0 0 0 0 0 0
SU 4 2 3 2 0.833 

(0.222)
0.0017
(0.0006)

1.000 -0.709 -0.709 -0.604

LA 2 1 2 1 1
(0.500)

0.0017
(0.0008)

1 - - -

EZ 4 0 1 0 0 0 0 0 0 0
LU 4 1 2 1 0.500

(0.265)
0.0008
(0.0004)

0.500 -0.612 -0.612 -0.478

DM 5 1 2 1 0.400
(0.237)

0.0007
(0.0004)

0.400 -0.816 -0.816 -0.771

FO 3 1 2 1 0.666
(0.314)

0.0011
(0.0000)

0.666 - - -

RI 5 0 1 0 0 0 0 0 0 0
SA 5 1 2 1 0.400

(0.237)
0.0007
(0.0000)

0.400 -0.816 -0.816 -0.771

SD 2 0 1 0 0 0 0 - - -
SR 5 0 1 0 0 0 0 0 0 0
SJ 4 0 1 0 0 0 0 0 0 0
MP 5 0 1 0 0 0 0 0 0 0
RS 5 0 1 0 0 0 0 0 0 0
OA 4 0 1 0 0 0 0 0 0 0
LC 4 92 3 91 0.833

(0.222)
0.0824
(0.0431)

46.166 -0.836 -0.836 -0.895

BV 5 0 1 0 0 0 0 0 0 0
Total 76 93 6 0 0.519

(0.056)
0.0134 
(0.0067)

7.6291 -2.0622* 2.1674** 0.5539

N, Number of sequences; S, number of segregating sites; H, number of haplotypes; Su, number of unique sites; Hd, haplotype 
diversity; Π, nucleotide diversity; K, average number of nucleotide differences. ±SD: Standard deviation. The D Tajima index 
(Tajima, 1989), D and F of Fu and Li (Fu & Li, 1993). The hyphen represents an estimate not performed due to a limited number 
of sequences used. * p < 0.05 ** p < 0.02.
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identify parasitic nematode species. To date, only 2 species 
have been reported naturally parasitizing adult coffee 
berry borers: Panagrolaimus sp. in India (Varaprasad, 
1994) and M. hypothenemi in Mexico (Castillo et  al., 
2002). Nevertheless, the presence of M. hypothenemi has 
only been detected in this region of the world, and its 
identification through DNA barcoding could expand our 
understanding of this species’ geographic range.

Molecular analyses using the COI gene identified 6 
haplotypes distributed among the sampled populations, 
with moderate global genetic diversity (Hd = 0.52) (Wang, 
2020). This level of genetic diversity, although lower than 
that reported for other nematodes such as Heterorhabditis 
bacteriophora (Hd = 0.8; Saeb & David, 2014), is notable 
considering the limited geographic distribution of M. 
hypothenemi and the environmental pressures it faces 
in Soconusco coffee plantations (Simota et  al., 2024). 
However, this genetic diversity was higher compared to 
other studies that used 40-120 specimens per population 

(Klimpel et  al., 2007; Powers et  al., 2018), possibly due 
to the number of samples used per population or the high 
evolutionary rate of mitochondrial DNA (Avise et  al., 
1987; Brown et al., 1979). Therefore, our sample size may 
have influenced the estimation of population parameters, 
and a larger number of specimens per population is 
recommended in future studies. The observed genetic 
diversity reflects the adaptive capacity of populations 
to environmental changes or selective pressure (Clarke, 
1979), key aspects for the survival of M. hypothenemi in 
a fragmented environment. In this sense, understanding 
the genetic variation of this nematode is essential for 
designing management and conservation strategies aimed 
at preserving its role as a potential biological regulator of 
H. hampei.

Selective neutrality analyses showed significant 
negative values at a global level, which commonly 
occur in populations undergoing demographic expansion 
(Schmidt, 2002), a process that likely began when this pest 
invaded Mexico in 1978 (Baker, 1984). Selective neutrality 
analyses revealed negative values for the DM, SA, and LC 
populations, while the SL population presented a positive 
value. Neutrality values within populations were not 
significant, indicating that the studied populations are 
not under the effects of natural selection (Schmidt, 2002). 
Therefore, it is feasible that the parasitism of H. hampei by 
M. hypothenemi represents a novel ecological interaction, 
as often occurs when a parasite is introduced into a new 
environment (Bush et al., 2001).

The determination of the origin of the parasite and 
the age of a parasite-host interaction is complex, due 
to the variety of mechanisms involved in the historical 
evolution of parasitism, including the possibility of an 
initial accidental association (Rico, 2011). The diversity 
of scolytines associated with coffee plantations in the 
Soconusco region is very high (Equihua, 1992), and H. 
hampei is endemic to Africa (Le Pelley, 1968), where 
populations can reach up to 11 million adults per hectare 
in mixed plantations of Robusta and Arabica coffee 
(Baker & Barrera, 1993). Under these conditions, it is 
likely that an endemic parasitic nematode from this region 
formed one or more new host-parasite associations with 
H. hampei (Bickford et  al., 2007). Indeed, Poinar et  al. 
(2004) hypothesized that M. hypothenemi first infected 
the insect in the New World.

Genetic differentiation analyses (FST) revealed 
high genetic differentiation among M. hypothenemi 
populations (FST = 0.66, p < 0.05), with gene flow that, 
in general, is very limited (Nm = 0.50), possibly due to 
the nematode’s dependence on host movement and the 
physical barriers imposed by a fragmented landscape (Ali 
et al., 2016; Fonseca & Netto, 2006; McGaughran et al., 

Table 3
Frequency of female haplotypes for 18 populations of the 
nematode Metaparasitylenchus hypothenemi collected in the 
Soconusco region, Chiapas, Mexico and San Pablo, Guatemala.

Municipality Population *N Haplotipe frequency

Tapachula SL 5 H1(2), H2(3)
BR 5 H5(5)

Cacahoatán SU 4 H1(1), H2(2), H6(1)
LA 2 H1(1), H2(1)
EZ 4 H2(4)
LU 4 H1(3), H2(1)
DM 5 H1(4), H2(1)
FO 3 H1(2), H2(1)
RI 5 H1(5)
SA 5 H1(1), H2(4)

Unión Juárez SD 2 H1(2)
SR 5 H1(5)
SJ 4 H1(4)
MP 5 H1(5)
RS 5 H1(5)
OA 4 H1(4)

Acacoyagua LC 4 H1(1), H3(2), H4(1)
San Pablo BV 5 H1(5)

* Number of sequences used in the analysis; the number in 
parenthesis is the female specimens observed for each haplotype.
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2014). AMOVA confirmed that most genetic variation 
is found between populations (66.61%), indicating 
significant genetic structure and rejecting the hypothesis 
of panmixia. The observed level of genetic differentiation 
(FST  =  0.66) suggests significant population structure, 
making panmixia unlikely. Additionally, the grouping of 
populations according to the 2 identified phylogenetic 
lineages revealed even greater genetic differentiation 
(FST = 0.99, p < 0.01). This high level of differentiation 
suggests strong genetic structuring, further reinforcing 
the rejection of panmixia. These findings highlight the 
need for further biological studies on M. hypothenemi 
to explore the existence of 2 lineages or even  
distinct species.

Pairwise FST values showed that some populations, 
such as EZ, BR, and LC, exhibit high genetic 
differentiation compared to other populations, despite 
moderate geographic distances (average of 1.7-87.5 km). 
This suggests that these geographic distances might be 
sufficient to induce isolation by distance, although the 
presence of specific environmental characteristics or 

geographic barriers could also play a role. However, 
the presence of one common haplotype alongside 3 
highly divergent ones could indicate the existence of 
cryptic lineages, migration from other populations, or 
the persistence of ancestral genetic diversity (Blouin 
et  al., 1995; Chávez-González et  al., 2022; Nieberding 
et  al., 2005). Further studies with a larger sample size 
and broader geographic coverage are needed to clarify 
these patterns. On the other hand, the FO and DM 
populations, separated by only 0.04 km, showed no 
genetic differentiation, suggesting a high degree of gene 
flow between them, likely facilitated by their geographic 
proximity and a more homogeneous landscape.

The high genetic differentiation detected in this study 
could have important implications for the conservation 
of M. hypothenemi. On one hand, it suggests that 
populations are undergoing local adaptation processes, 
which could result in genetically distinct lineages that 
might be lost if their specific habitats are not protected. 
The significant correlation between genetic and 
geographic distances (r  =  0.4728, p < 0.0001) obtained 

Table 4
Genetic (FST) and geographic distances (km, above the diagonal in bold) calculated for 18 populations of the nematode M. 
hypothenemi collected in the Soconusco region, Chiapas, Mexico and San Pablo, Guatemala. 

LA SD EZ LU DM FO SR SJ MP RI RS OA SL *BV LC BR SU SA

LA 0 9.36 1.70 4.54 3.38 3.39 7.20 5.40 10.68 4.82 12.75 4.82 6.19 22.67 64.85 15.38 1.92 5.59
SD 0 0 7.84 7.29 6.27 6.29 2.54 4.07 2.50 6.49 4.86 5.37 15.20 13.59 73.49 24.65 11.14 5.94
EZ 0.38 1 0 3.10 2.45 2.48 5.86 4.05 9.36 3.22 11.55 3.91 7.90 21.01 66.55 17.03 3.30 3.95
LU 0 0 0.66 0 4.59 4.64 6.2 4.81 9.42 0.79 11.82 5.65 10.51 19.32 68.99 19.12 5.39 1.51
DM 0 0 0.72 0 0 0.04 3.91 2.20 7.33 4.28 9.36 1.48 8.92 19.83 67.34 18.39 5.30 4.67
FO 0 0 0.57 0 0 0 3.92 2.22 7.32 4.32 9.35 1.46 8.91 19.84 67.31 18.38 5.32 4.71
SR 0.47 0 1 0.06 0 0.18 0 1.81 3.49 5.50 5.74 2.85 12.80 16.11 70.96 22.30 9.07 5.25
SJ 0.38 0 1 0 0 0.11 0 0 5.31 4.18 7.51 1.62 11.13 17.63 69.50 20.59 7.26 4.16
MP 0.47 0 1 0.06 0 0.18 0 0 0 8.64 2.41 6.05 16.04 13.54 73.70 25.57 12.56 8.21
RI 0.47 0 1 0.06 0 0.18 0 0 0 0 11.04 5.18 10.93 18.61 69.50 19.70 5.89 0.82
RS 0.47 0 1 0.06 0 0.18 0 0 0 0 0 7.97 17.76 13.15 74.73 27.26 14.66 10.62
OA 0.38 0 1 0 0 0.11 0 0 0 0 0 0 10.00 18.96 68.12 19.53 6.75 5.37
SL 0 0.28 0.19 0 0.10 0 0.5 0.45 0.5 0.5 0.5 0.45 0 28.72 58.65 9.52 5.18 11.72
*BV 0.47 0 1 0.06 0 0.18 0 0 0 0 0 0 0.5 0 87.08 38.05 24.25 17.81
LC 0.52 0.52 0.66 0.66 0.70 0.60 0.70 0.66 0.70 0.70 0.70 0.66 0.70 0.70 0 50.05 63.61 70.31
BR 0.85 1 1 0.82 0.83 0.82 1 1 1 1 1 1 0.81 1 0.70 0 13.85 20.53
SU 0 0.31 0 0.14 0.24 0 0.55 0.5 0.55 0.55 0.55 0.5 0 0.55 0.66 0.78 0 6.71
SA 0 0.62 0 0.31 0.41 0.15 0.75 0.72 0.75 0.75 0.75 0.72 0 0.75 0.70 0.88 0 0

* Site located in San Pablo, Guatemala.
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through the Mantel test supports the hypothesis of a 
pattern of isolation by distance. However, the moderate 
correlation value suggests that, in addition to geographic 
distance, other factors such as local environmental 

conditions, coffee plantation management practices, 
or landscape fragmentation may also contribute to 
the observed genetic differentiation (Diniz-Filho  
et al., 2013).

Figure 2. Phylogenetic relationships of Metaparasitylenchus hypothenemi (76 sequences) using maximum likelihood. A sequence 
of the parasitic nematode Howardula aoronymphium (Tylenchidae: Allantonematidae) was used as outgroup (GenBank AY589466). 
The scale bar represents the number of expected nucleotide substitutions per site. Municipalities: TAP, Tapachula; UJA, Unión 
Juárez; CAC, Cacahoatán; ACA, Acacoyagua y SPG, San Pablo Guatemala. The numbers between the nodes in the tree correspond 
to bootstrap values. 
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The presence of 2 well-differentiated clades with 
high phylogenetic support (> 90%) suggests complex 
evolutionary processes. Clade I, which includes 96% of 
specimens distributed in the municipalities of Tapachula, 
Cacahoatán, Unión Juárez, and San Pablo, also showed 
internal substructures, indicating genetic differentiation 
within these populations. The formation of these subgroups 
could be interpreted as a possible response to geographic 
isolation or ecological barriers that have favored genetic 
divergence among populations (Wright, 1943). On the other 
hand, Clade II, composed only of 3 specimens from the 
LC population, showed a 16.4% phylogenetic separation 
from Clade I. This differentiation is considerably high and 
exceeds the intraspecific threshold generally accepted for 
genetic barcoding (1-2%; Lanteri, 2007). However, studies 
on nematodes have reported higher genetic divergences 
between species, as observed in Rhabdochona spp., 
where genetic differentiation range from 11% to 15% 
(Caspeta-Mandujano et al., 2021; Santacruz et al., 2020). 
This suggests that further comparisons with closely 
related taxa are needed to determine whether this 

divergence corresponds to an ongoing speciation process 
or represents intraspecific variation. The existence of 
2 well-differentiated clades raises interesting questions 
about the evolutionary and ecological processes shaping 
M. hypothenemi populations. One possibility is that 
these differences reflect a conserved ancestral lineage 
in certain geographically isolated populations, such as 
LC. Another possibility is that the exclusive haplotypes 
are the result of recent local adaptation events or genetic 
drift in response to landscape fragmentation (Cheptou 
et  al., 2017; Safran & Nosil, 2012). It is also plausible 
that these differences reflect the presence of a different 
species or a cryptic species with conserved morphology 
but genetic divergence. To confirm the occurrence of this 
genetic divergence process, further genetic studies with 
greater representation of the isolated population, as well 
as additional morphological studies, would be necessary. 
The use of nuclear markers would be particularly useful 
to determine whether the observed genetic differentiation 
is restricted to mitochondrial DNA or also occurs at the 
genome-wide level.

Figure 3. a-b, Distribution of the Metaparasitylenchus hypothenemi haplotypes in the 5 municipalities from the Soconusco region, 
Chiapas, Mexico and the municipality of San Pablo, Guatemala; c, haplotype network development using PopART v. 1.7. Wefts of 
the circles represent each haplotype. The size of the circles is proportional to the frequency of the haplotype inside the populations. 
The numbers on the lines connecting the haplotypes represent the mutational steps. The white rhombus (mv1) represents an extinct 
haplotype or an unsampled point. LC, Ejido Los Cacaos; LA, La Alianza; EZ, El Zapote; LU, La Unidad; DM, Dos de Mayo; FO, 
Faja de Oro; RI, Rosario Ixtal, SA, San Antonio: BV, Buena Vista; SU, Salvador Urbina; SL, Santa Lucía; BR, Brasil; SD, Santo 
Domingo; SR, San Rafael; SJ, San Jerónimo; MP, Monte Perla; RS, Río Suchiate; OA, Once de Abril.
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The haplotype analysis supports the hypothesis of 
genetic differentiation among populations. The high 
frequency and wide distribution of haplotype H1 found 
in most of the studied sites, suggest that it may represent 
the ancestral haplotype and the origin of other derived 
haplotypes. Nevertheless, the high divergence observed 
between haplogroups, particularly the separation of H4 by 
90 mutational steps, indicates significant genetic structuring 
and highlights the complexity of inferring ancestral states 
(Avise, 2000). Therefore, it is not possible to confirm H1 
as the ancestral haplotype without additional phylogenetic 
or coalescent analyses. In contrast, the exclusivity of H3 
and H4 in the LC population, as well as H6 in SU and 
H5 in BR, reflects possible geographic isolation, local 
adaptation, and genetic drift processes (Forster, 2004).

These patterns are consistent with the theory that M. 
hypothenemi populations are influenced by geographic 
barriers that restrict gene flow and promote differentiation 
among localities. The search for this parasitism in the 
entire study region is required to determine the possibility 
of a greater number of M. hypothenemi haplotypes. The 
greater genetic difference of M. hypothenemi was observed 
in the population with greater geographical isolation (100 
km), suggesting that more haplotypes could be located as 
more sites with the presence of the parasite are detected. 
Consequently, a complete genetic description of the M. 
hypothenemi populations require of the location of new 
sites with presence of this parasitism, whether in the study 
region or other coffee-growing regions of Chiapas and 
Central America. 

This study added 6 new geographic records for M. 
hypothenemi, in addition to those previously known (Pérez 
et al., 2015). However, we believe that the identification 
of new sites might be influenced by the result of random 
interactions caused by the transport of infested fruits with 
the pest and the adaptation of the parasite to local climatic 
conditions.

This study provides the first evidence of the American 
origin of this nematode. Our study also opens possibilities 
for future research on the genetic and geographic diversity of 
this species, its relationship with environmental variables. 
These aspects are essential for designing conservation 
strategies for this species and its management for the 
control of H. hampei, an important global pest.
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