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Abstract

Cassava (Manihot sp.) is a staple crop of major economic and ethnomedicinal importance. Understanding the
phylogenetic relationships within the genus Manihot is essential for clarifying its taxonomy and supporting genetic
improvement programs. This study aimed to reconstruct the phylogeny of several Manihot species using two
chloroplast DNA markers, matK and rbcL. Sequence data were retrieved from the GenBank database, and Ricinus
communis was designated as the outgroup. Phylogenetic analyses were performed using the Neighbor-Joining (NJ) and
Maximum Likelihood (ML) methods, each with 1,000 bootstrap replications to assess branch support. The resulting
trees consistently clustered Manihot esculenta within a well-supported monophyletic group, indicating a close genetic
relationship with other congeners. Distinct clades corresponding to genetic similarity were also observed among the
analyzed species. These findings enhance current knowledge of Manihot systematics, providing molecular evidence that
supports its taxonomic classification. Furthermore, the results contribute valuable insights for cassava breeding and

conservation efforts through improved understanding of its evolutionary relationships.
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Introduction

Cassava (Manihot sp.) is a vital food crop that
serves as a staple source of carbohydrates for
millions of people, particularly in tropical and
subtropical regions. It thrives in a wide range of
environments, including arid and nutrient-poor soils,
making it one of the most resilient and adaptable
crops worldwide (Nurdjanah et al., 2020). Beyond
its role as a dietary staple and rice substitute,
cassava is also a significant agricultural commodity
contributing to global trade. Major cassava-
producing countries include Indonesia, Nigeria, the
Democratic Republic of the Congo, Brazil, and
Thailand, where it plays an important
socioeconomic role in both rural livelihoods and
food security (Reskhi Firdaus et al., 2016).

In addition to its nutritional value, cassava has long
been recognized for its medicinal properties. In
several traditional medicine systems, such as those
practiced in Nigeria, the leaves and roots are used
to treat abscesses, tumors, conjunctivitis, and
wounds. Phytochemical studies have shown that
cassava leaves contain various Dbioactive
compounds, including alkaloids, tannins, saponins,
flavonoids, glycosides, and phenolic compounds
(Akmalia et al, 2020). Cassava’s ease of
cultivation, pest resistance, and tolerance to drought
make it superior to many other staple crops such as
rice. Because it is an indigenous and underutilized
food resource, comprehensive characterization of
cassava’s genetic diversity is essential for both

conservation and crop improvement (Sikteubun et
al., 2022).

Molecular phylogenetic analysis provides a reliable
framework  for understanding  evolutionary
relationships within plant taxa. Among the most
widely used genetic markers for plant systematics
are the chloroplast genes marK and rbcL. These
markers, recommended by the Consortium for the
Barcode of Life (CBOL) Plant Working Group
(2009), have demonstrated high universality and
discriminatory power for plant DNA barcoding.
The matK gene, located within the chloroplast
genome, has high substitution rates and is useful for
resolving relationships across diverse taxonomic
levels (Su’udi et al., 2023). Similarly, the »bcL gene,
which encodes ribulose-1,5-bisphosphate
carboxylase/oxygenase, is a conserved locus with
high amplification success and phylogenetic
informativeness (Afifah et al., 2025).

Using publicly available sequence data from NCBI,
this study aims to elucidate the phylogenetic
relationships among species within the genus
Manihot based on matK and rbcL markers. The
findings are expected to enhance understanding of
Manihot taxonomy and evolutionary history while
providing a molecular foundation to support
cassava breeding programs aimed at improving
productivity, resilience, and genetic conservation.

27



Rosida et al.- Phylogenetic Analysis of

Materials and Methods
Nucleotide Data Collection

This study utilized publicly available nucleotide
sequence data retrieved from the GenBank database
of the National Center for Biotechnology
Information (NCBI). Searches were conducted
using the keywords “Manihot” combined with
either “marK” or “rbcL.” The dataset included
accessions representing various Manihot species
distributed globally, with particular focus on
Manihot esculenta. All retrieved sequences were
downloaded in FASTA format.

To provide an evolutionary reference, Ricinus
communis (Euphorbiaceae) was selected as the
outgroup taxon, as it belongs to the same family as
Manihot. The compiled sequence files were
subsequently processed for multiple alignment and
phylogenetic analysis using MEGA version 11
(Tamura et al., 2021).

Phylogenetic Trees Construction

Sequence alignments were performed using the
ClustalW algorithm (Thompson et al, 1994)
implemented in MEGA 11 with default parameters.
Phylogenetic trees were reconstructed using two

complementary approaches: the Neighbor-Joining
(NJ) and Maximum Likelihood (ML) methods. The
robustness of each node was evaluated by bootstrap
analysis with 1,000 replicates.

Pairwise genetic distances were calculated to
determine evolutionary divergence among taxa,
with  smaller distances indicating  closer
relationships. The NJ method was employed for its
computational efficiency and reliability in handling
large datasets (Kumar et al., 2018), while ML
analysis provided higher statistical accuracy in
model-based inference of phylogenetic
relationships. The resulting trees were visualized
and compared to assess topological consistency
between methods.

Results and Discussion

A total of 19 nucleotide sequences for the
chloroplast genes matK (700-800 bp) and rbcL
(500-1,500 bp), along with one outgroup species
(Ricinus communis), were retrieved from the NCBI
GenBank database (Tables 1 and 2). BLAST
searches confirmed that all selected accessions
belonged to the genus Manihot, representing
various cultivars and geographic origins, including
Asia, Africa, North America, and Europe.

Table 1. List of Manihot spp. matK gene sequences obtained from NCBI GenBank

No Name Accession Number Source

1 Manihot esculenta MK510204.1 Thailand

2 Manihot esculenta cultivar Pirunl MKS834340.1 Thailand

3 Manihot sp. MT832458.1 United Kingdom
4 Manihot esculenta cultivar Huaybong60 MKS834338.1 Thailand

5 Manihot esculenta cultivar Kasetsart50 MK834337.1 Thailand

6 Manihot esculenta cultivar Rayong90 MKS834336.1 Thailand

7 Manihot esculenta cultivar Rayong72 MK834335.1 Thailand

8 Manihot aesculifolia JQ587462.1 Canada

9 Manihot aesculifolia JQ587463.1 Canada

10 Manihot dichotoma MT370644.1 United Kingdom
11 Manihot esculenta cultivar Rayong9 MK834331.1 Thailand

12 Manihot esculenta cultivar Rayong7 MKS834330.1 Thailand

13 Manihot esculenta cultivar Rayong5 MKS834329.1 Thailand

14 Manihot caerulescens MT370643.1 United Kingdom
15 Manihot aesculifolia JQ587460.1 Canada

16  Manihot esculenta cultivar Rayongl MKS834326.1 Thailand

17 Manihot esculenta cultivar Hanatee MKS834342.1 Thailand

18  Manihot esculenta cultivar Pirun2 MK834341.1 Thailand

19  Manihot esculenta cultivar Huaybong80 MKS834339.1 Thailand

20  Ricinus communis MW843833.1 China

Among the matK accessions, the majority of
sequences were from Thailand, particularly
cultivars such as Rayong, Kasetsart, Huaybong,
Pirun, and Hanatee. The Rayong cultivar is
recognized as one of the earliest released varieties
from Kasetsart University, characterized by narrow
leaves and yellowish stems. Kasetsart, a hybrid
derived from Rayong 1 x Rayong 90, is known for

its light green foliage, light brown stems, and high
starch yield (Ha et al., 2016). The Huaybong
cultivar displays large tuberous roots and upright
growth, whereas Pirun exhibits moderate height,
grayish-brown stems, and strong drought tolerance
(Malik et al., 2020).
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For rbcL sequences, isolates were obtained from
Manihot species distributed across Asia, Affica,
and the Americas. This global representation
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relationships and geographic variation within the
genus.

enabled the assessment of interspecific

Table 2. List of Manihot spp. rbcL gene sequences obtained from NCBI GenBank

No Name Accession Number Source
1 Manihot carthagenensis isolate Mozambique MK430314.1 Brazil
2 Manihot esculenta isolate Mozambique MK430313.1 Brazil

3 Manihot esculenta isolate Kenya MK430304.1 Brazil
4 Manihot esculenta isolate Tanzania MK430292.1 Brazil
5 Manihot esculenta isolate MS2 MW960605.1 China
6 Manihot esculenta isolate DNAS MK475659.1 USA

7 Manihot grahamii isolate PECB125 MG718146.1 Brazil

8 Manihot aesculifolia JQ591493.1 Canada
9 Manihot esculenta isolate Kenya MK430302.1 Brazil
10  Manihot esculenta LT576833.1 United Kingdom
11 Manihot esculenta MK510193.1 Thailand
12 Manihot esculenta MW164974.1 Nigeria
13 Manihot aesculifolia JQ591492.1 Canada
14 Manihot esculenta MW164975.1 Nigeria
15 Manihot grahamii AY794875.1 USA
16  Manihot esculenta isolate Mozambique MK430306.1 Brazil
17 Manihot esculenta isolate Tanzania MK430289.1 Brazil
18  Manihot aesculifolia JQ591492.1 Canada
19  Manihot esculenta JQ591497.1 Canada
20  Ricinus communis OL537090.1 USA

Phylogenetic Reconstruction Using mafK and
rbeL

Phylogenetic trees were constructed using both the
Neighbor-Joining (NJ) and Maximum Likelihood
(ML) methods with 1,000 bootstrap replicates to
assess the robustness of nodes. Bootstrap values
were categorized as high (>85%), moderate (70—
85%), weak (50-69%), or very weak (<50%)
following Lestari et al. (2018).

The NI tree based on mafK sequences (Figure 1A)
revealed that Manihot esculenta cultivars Pirun,
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Huaybong, Kasetsart, Rayong, and Hanatee formed
a well-supported monophyletic clade with a
bootstrap value of 100%, indicating strong
evolutionary relatedness. Moreover, Manihot sp.
grouped closely with M. aesculifolia, supported by
a moderate bootstrap value of 74%, suggesting a
probable shared ancestor. These findings support
the concept of monophyly, where species exhibiting
similar genetic and biochemical characteristics
descend from a common lineage (Hidayat et al.,
2008).

(B) :‘ Manihot esculenta isolate MS2 MW960605.1
4’ Manihot esculenta MK510193.1
! Maninot esculenta isolate DNAS MK475659.1
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Figure 1. Phylogenetic trees of Manihot spp. constructed using the Neighbor-Joining (NJ) method based on (A) matK
and (B) rbcL gene sequences.
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In contrast, the NJ phylogeny constructed from
rbcL  sequences (Figure 1B) showed that M.
grahamii clustered with its conspecific accessions,
supported by a bootstrap value of 75%, whereas M.
esculenta sequences were grouped together but
with relatively lower bootstrap values (15-42%),
indicating weaker resolution at the species level.
These results demonstrate that the mafK marker
provides higher discriminatory power than rbcL for
resolving intra-generic relationships in Manihot.
The superior resolution of marK may be attributed
to its higher substitution rate and greater
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phylogenetic  informativeness in angiosperms
(Su’udi et al., 2023).
Comparative Phylogenetic Inference Using

Maximum Likelihood

Phylogenetic reconstruction using the Maximum
Likelihood (ML) method (Figure 2) revealed
overall topological patterns consistent with the NJ
analysis, though with variations in bootstrap
support. The ML approach, known for its higher
statistical accuracy and model-based inference,
provided improved confidence estimates for most
clades (Tamura et al., 2021).

5| Manihot esculenta MK510193.1

| Manihot esculenta isolate DNAS MK475659.1
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Figure 2. Phylogenetic trees of Manihot spp. constructed using the Maximum Likelihood (ML) method based on (A)
matK and (B) rbcL gene sequences.

The evolutionary distances among species were
visualized through branch length variation: longer
branches indicated greater genetic divergence,
while shorter branches reflected closer evolutionary
proximity (Anafarida & Badruzsaufari, 2020). The
ML tree revealed that M. esculenta accessions from
Thailand clustered tightly with a bootstrap value of
100%, confirming their close genetic affinity.
Similarly, M. grahamii accessions from Brazil and
the United States formed a moderately supported
clade (bootstrap = 74%). Bootstrap values between
70-100% suggest stable clades, whereas values
below 70% indicate potential topological
uncertainty.

The ML-based topology successfully separated
Manihot species into distinct clades corresponding
to their genetic and geographic relationships. The
high confidence observed for marK-based
groupings compared to rbcL supports its superior
utility for species-level resolution in cassava
phylogenetics. Previous research has shown that

matK often outperforms rbcL due to its higher
substitution rate and alignment variability, enabling
clearer delineation of closely related taxa (Simon et
al., 2022).

In  summary, both markers successfully
reconstructed the phylogeny of Manihot species,
but mafK demonstrated greater discriminatory
power, while the ML method provided higher
accuracy and better clade support compared to NJ.
These findings confirm that the integration of marK
and rbcl markers, analyzed under robust
phylogenetic  frameworks, provides valuable
insights into the evolutionary relationships and
genetic diversity within the genus Manihot.
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