
 

Abstract— The reniform nematode, Rotylenchulus reniformis is an 

important nematode pest of agricultural crops. A Nigerian population 

of R. reniformis associated with cassava (manihot esculenta) was 

characterized using a combination of morphological and molecular 

tools. Molecular features of the nematode were similar to the type 

population of R. reniformis. Life stages of the nematode were isolated 

from soil and DNA was extracted from single young female nematodes 

for molecular identification and phylogenetic studies. Analysis of the 

partial sequences of the 28S rRNA segment of the obtained sequence 

revealed a strong affinity of 98.87% similarity to previously published 

sequences of R. reniformis from China. Phylogenetic analyses with 

Maximum Parsimony and Neighbour Joining methods indicated that 

the Nigerian isolate of R. reniformis corresponded to the previously 

described species. The molecular phylogeny by using the 28S 

expansion region confirms the presence of R. reniformis in Nigeria 

soils. 
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I. INTRODUCTION 

The reniforn nematode, Rotylenchulus reniformis (Linford & 

Oliveira 1940) has emerged as an important pest of many plants 

in the subtropical, tropical and warm-temperate regions of the 

world [1]. They are frequently encountered and abundant in the 

soil as sedentary semi-endoparasites and are serious pests of 

crops such as soybean, cowpea, cotton, pineapple, sweet potato, 

cassava and some vegetable crops. [2] – [3]. An estimated yield 

loss of about $90 million [4] was reported on cotton in the 

United States due to damage by the reniform nematodes.  

The life cycle of R. reniformis is one of the adaptive features 

that make them exhibit great damaging potential on agricultural 

crops and enable them to survive under adverse environmental 

conditions, even in the absence of a host [1]. It consists of a 

juvenile stage, which is enclosed within the egg and undergoes a 
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moult to produce the second stage juvenile (J2), emerging from 

the egg with strong mobility and conspicuous stylet. The J2 

eventually becomes less active and moults to the non-feeding 

3rd stage juvenile (J3) which assumes a crescent shape, and is 

often characterized by the presence of the J2 cuticle, lack of 

movement and the absence of a stylet [3]. Further 

morphological changes and moulting leads to the development 

of the fourth stage juvenile (J4) and then emerges the male and 

female actively feeding infective stage that is usually commonly 

found in the soil. The vermiform infective female R. reniformis 

infects the host root tissue, feeds with the formation of 

syncytium, becomes sedentary and eventually attains a 

characteristic kidney shape. The vermiform males do not feed 

but are abundant in the soil fertilizing the females. 

About 11 valid species of nematodes belonging to the genus 

Rotylenchulus have been identified [5] but the most common of 

this group is R. reniformis. In Nigeria, reports of the association 

of R. reniformis with economic crops such as cashew 

(Anacardium occidentale L), pineapple (Ananas comosus 

Meer), sugarcane (Saccharum officinarum L.), sweet potato 

(Ipomoea batatas L. Lam) and cassava (Manihot esculenta 

Crantz) have been documented [6] – [8]. These studies suggest 

that the reniform nematode is common and abundant in many 

agricultural soils in Nigeria, however, molecular identification 

of the nematode species is yet to be done and to the best of our 

knowledge, no reference molecular data of this important 

nematode specie is available in Nigeria. 

In this study, R. reniformis was isolated from an arable 

farmland in Nigeria and was identified using molecular tools 

based on the analysis of the 28S ribosomal gene.  The first 

molecular data of the Nigerian population of the reniform 

nematode is thus, provided in this study. 

II. METHODOLOGY 

A. Nematode Isolation and Morphological Identification  

Soil samples were collected from the rhizosphere of cassava 

from the teaching and research farm of Landmark University in 

Nigeria, located at 8.1248630 NE, 5.0764680 SW and 143 m 

a.s.l. Nematodes were isolated from soil samples and life stages 

were of the reniform nematode were collected using a modified 
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method [3]. Nematodes were observed under a compound 

microscope and identified to the genus using the diagnostic 

features in “A pictorial key to genera of plant-parasitic 

nematodes” [9], as a guide.  Photomicrographs of life stages 

were taken with the aid of a Zeiss Axioskop 40 compound 

microscope.  

B. DNA Extraction and PCR Based Molecular Identification 

DNA was extracted from the young female life stage, a 

procedure that was carried out under a stereo-microscope. 

Single females were aseptically picked, cut into about 2-3 parts 

using sterile needles and placed in Eppendorf tubes containing 

10 µl of lysis buffer. The tubes were placed in a -80
o
 freezer for 

a minimum of 15min and then incubated at 65
0
C for 60 min and 

95
0
C for 15 min [10].  

Polymerase chain reaction for the amplification of the D2D3 

expansion segment of the 28S fragment of the ribonucleic DNA 

was done in a thermocycler using KAPA2G™ Robust Hotstart 

ReadyMix (KAPA Biosystems) and the primer set of a forward 

primer D2A (ACA AGT ACC GTG AGG GAA AGT TG) and 

reverse primer D3B (TCG GAA GGA ACC AGC TAC TA). 

The cycling condition was 94°C for 2 min, followed by 35 

cycles of denaturation at 94°C for 30 sec, annealing at 57°C for 

45 sec and extension at 72°C for 3 min with a final extension at 

72°C for 10 min. The DNA fragments were separated on 1.5% 

agarose gel, which was stained with ethidium bromide. The 

PCR products were visualised under UV light with a 

transilluminator imaging system. 

C. Sequence and Phylogenetic Analyses 

Purification of the PCR products was performed using the 

NucleoFast Purification Method (Macherey Nagel, Waltham, 

Massachusetts, USA). Sequencing of the DNA was performed 

in both directions with the Big Dye Terminator V1.3 sequencing 

kit, followed by the use of electrophoresis on the 3730 X 1DNA 

Analyser (Applied Biosystems) at the DNA Sequencing Unit 

(Central Analytical Facilities, Stellenbosch University). For 

manual sequence assembly and editing, the software for 

biological sequence alignment editor, Bioedit 7.2 [11] was used 

and the newly obtained DNA sequence was deposited at the 

National Centre for Biotechnology Information (NCBI) with the 

accession number MW130089. 

The newly acquired DNA sequence was compared with 

GenBank sequences by BLASTN. Available DNA sequences of 

Rotylenchulus reniformis on the NCBI were downloaded and 

aligned with the newly obtained sequence from Nigeria with the 

Multiple alignment program for amino acid or nucleotide 

sequences, MAFFT version 7 [12]. The evolutionary history 

was inferred using the Maximum Parsimony (MP) and 

Neighbour Joining (NJ) methods. Evolutionary analyses were 

conducted in MEGA X [13] and the confidence intervals for the 

various branching patterns in the trees was measured using 

bootstraps  with 1000 replicates.. 

III. RESULT 

A. Morpho-Molecular Identification  

The Nigerian population of Rotylenchus reniformis identified 

in this study is similar morphologically with the type 

population. The diagnostic characters and morphological 

features are characteristic of R. reniformis (Fig. 1). The habitus 

shape is C and the head region of the young female is not offset 

with prominent cephalic structure. The length of stylet is about 

17 to 20 µm long, with small rounded knobs. Dorsal 

oesophageal gland orifice is more than 1½ of the stylet length. 

The vulva is post-median, positioned at about 63% of the body 

length. The reproductive system is amphidelphic with two 

flexures in immature females and the tail is more than twice the 

length of the anal body diameter. Males have weak stylets and 

indistinct median bulb and valve. The caudal alae are adanal. 

The morphological features of a young female R. reniformis and 

the gel image of the PCR product obtained from the nematode is 

shown in Fig. 2.   

 

B. Phylogenetic Analysis 

From the DNA sequence analysis, alignments of the 28S 

rRNA sequence of the newly obtained sequences of R. 

reniformis showed high similarity to the sequences of the 

nematode that were available on the NCBI database from China, 

Colombia, Florida, Paragua and Brazil. The Nigerian isolate 

was close to that obtained from china with a similarity of 

98.87%. Phylogenetic relationships within the genus 

Rotylenchulus as inferred from maximum parsimony (MP) and 

Neighbour joining (NJ) is given in Fig. 3 and 4 respectively. 

The sequence alignment was 764 base pairs long and comprised 

of 25 nucleotide sequences of Rotylenchulus spp with 

Hoplolaimus seinhorsti as the outgroup.  

Both MP and ML phylogenetic trees show a congruence in 

the position of the Nigerian isolate, which clustered with 

sequences of R. reniformis from other countries [14].  

IV. DISCUSSION 

Rotylenchulus reniformis is one of the most important 

plant-parasitic nematodes of economic importance [15]. Heavy 

economic losses [3], [4] have been reported due to damage 

caused by the feeding activities of the reniform nematode on 

agricultural crops. About 11 species in the genus Rotylenchulus 

have been identified [5]. The known species include; R. 

borealis, R. clavicaudatus, R. eximius, R. leptus, R. 

macrodoratus, R. macrosoma, R. macrosomoides, R. parvus, R. 

reniformis, R. sacchari, and R. vitis. In the current study, the 

combination of molecular tools with the morphological 

characters confirmed the identity and prevalence of the R. 

reniformis from Nigerian soil.  

The result of the phylogenetic analysis corresponds and is 

consistent with previous studies [5], [14] and provides a 

baseline information on molecular data of the Nigerian 

population of R. reniformis. Although the reniform nematode 

have been frequently encountered in many agricultural soils in 

Nigeria [6] – [8], accurate identification of the specie causing 

damage is yet to be established, due to the limitations in 

resources for molecular characterization. Identification of most 

Nigerian nematode species are based on traditional 

morphological features, a practice which has been criticized in 

recent times as being time consuming, difficult and often require 
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skilled personnel [16]. Morphological identification is also 

limited in use, especially when differentiating between cryptic 

nematode species due to high intraspecific variability and 

overlapping of some diagnostic features. 

V. CONCLUSION 

Accurate and precise identification of important nematode 

species is a prerequisite for effective management options and is 

quintessential for designing good quarantine and phytosanitary 

programmes. Molecular based tools in combination with 

morphological identification is therefore, recommended in 

order to effectively discriminate between the cryptic species and 

ensure accurate diagnosis of nematode species of economic 

importance. 

 

 
 

Fig. 1. Photomicrograph of Rotylenchulus reniformis a. Head 

region b. female tail c. male tale. mb = median bulb,v = vulva, sp = 

spicule (Scale bar = 50µm). 

 

 
 

Fig. 2. Photomicrograph of a single young female Rotylenchulus 

reniformis and the PCR product obtained from molecular 

identification of the nematode. 

 
 

Fig. 3. Phylogenetic relationships within Rotylenchulus species, 

based on analysis of the D2D3 regions with Maximum Parsimony 

(MP) method, using Hoplolaimus seinhorsti as the outgroup. Newly 

obtained Nigerian isolate is highlighted. 

 

 
 

Fig. 4. Phylogenetic relationships within Rotylenchulus species, 

based on analysis of the D2D3 regions with Neighbour Joining (NJ) 

method, using Hoplolaimus seinhorsti as the outgroup. Newly 

obtained Nigerian isolate is highlighted. 
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