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Abstract 

This study evaluated the phylogenetic relationship between black skinned and white skinned snails 

(Archachatina marginata) in the rainforest zone of Nigeria. Fourty eight (48) 

Archachatinamarginata snails were assigned to two treatments using completely randomized 

design. The two treatmentsconsisted of twenty four (24) white skinned ecotypes and twenty 

four(24) black skinned ecotypes with 12 replicates each. These snails were taken to laboratory to 

conduct DNA analysis to evaluate the phylogenic relationship between the two snail ectotypes. 

The quality of DNA was assessed using gel electrophoresis. Data collected was subjected to 

statistical analysis using Mega 7.0, DNAsp version 5 and GENPOP software packages. The 

phylogenetic analysis revealed a 0.2 genetic variation and 0.8 similarities between the snail that 

is black and the white. From the dendogram, it was also observed that the white snails are the 

original ancestors of the black since the top of the tree was dominated by the white snails with the 

black occupying the bottom of the tree. 
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I. INTRODUCTION 

In recent decades, Nigerian snail farming has drawn a lot of interest (Akinnusi, 2002). Other than 

arthropods, the most significant group of animals that are molluscs is comprised of snails (Wosu, 

2003). Snail meat is consumed by both affluent and poor people, regardless of their income level 

(Murphy, 2001; Ebenso, 2003). Snail flesh is tasty, healthy, and high in protein. It has a low fat, 

cholesterol, and salt content and a high mineral content, including calcium, phosphorus, and iron. 

It has linoleic and linolenic acids, which are important fatty acids (Danladi et al., 2020). 

In many coastal communities and countries, the meat from snails, is a preferred meal and an 

essential source of animal protein, even though they are not direct protein sources (Omole et al., 

2017; Fatai 2018). The reduced ability of the traditional protein sources—goats, sheep, cattle, and 

chickens—to satisfy demand and address the issue of protein shortage is the reason for the rising 

usage of this non-conventional protein. In some parts of Africa, snails are used extensively in 
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traditional medicine to prepare cures for conditions like whooping cough, diabetes, asthma, and 

other conditions (Offiong et al., 2013). Because of their comparatively low cholesterol levels, 

snails have also been suggested as a treatment for anemia, asthma, and asymptomatic conditions 

(Wosu, 2003). Snail slime is a thick substance that is secreted by snails and travels along their 

journey. The slime helps the body move smoothly, repairs broken shells and skin, stops moisture 

from evaporating, and protect the entire body from harm (Jeff et al., 2017; Nyoagbe et al., 

2016).According to Nyoagbeet al. (2016), snail slime's animal protein content is expected with a 

significant result in traditional medicine. While the shell is used to make jewelry and ornaments, 

it is also employed in the manufacturing of drugs by pharmaceutical and cosmetic industries 

(Nyoagbeet al., 2016). 

According to Ejidike (2002) and Smith and Fowler (2003), Achatina achatina, Achatina fulica, 

and Archachatina marginata are the prevalent snail in many countries in Africa. Archachatina 

marginata, is the most and predominant specie of snail commonly reared in Nigeria (Okon et al., 

2012b;Venette and Larson, 2004;). This common specie matures within two to four months after 

A. fulica and forms a peristome with a mirrored lip (Ibom et al., 2016b). A. marginata has either a 

red or white parietal callus and columella (Venette and Larson, 2004). Despite the many 

advantages of A. marginata snails, they are nevertheless harvested excessively and 

indiscriminately from farm, together with deforestation, which has significantly decreased the 

number of this African giant land snails (AGLS), putting it in danger of extinction as a result of 

these activities (Etukudo 2017;Ojating and Ogar 2002; Okon and Ibom 2012; Okon et al., 2008).  

 More so than other parameters, the physiological adaptation to the environment, genetic linkages, 

and diversity between and within breeds significantly affect the productivity and performance of 

snails (Okon et al., 2012a). Different populations of snails have arisen as a result of natural 

selection, individual free mating, and variation in the gene pool. Genetic characteristics like 

heritability and genetic correlations are estimated using relatedness or variation knowledge in 

genetic analysis (Falconer and Mackay, 1996). 

The relationships that indicate the evolutionary distance between two species' common ancestor 

are known as phylogenetic relationships. Sampling every species throughout a clade, confirming 

that they are biologically distinct entities, and knowing their geographic distributions are all ideal 

prerequisites for a phylogenetic strategy for investigating the origin and continued existence of 

species diversity (Williams and Reid, 2004).  Small and isolated populations may be more 

vulnerable to extinction due to threats that come with their small size (Puurtinen et al., 2004). This 

has caused a need for swift study to obtain phylogenetic information on GALS (A. marginata) 

species (white and black skinned). 

II. Materials and Methods 

Forty eight (48) grower snails obtained from Edo, Bayelsa and Akwa-Ibom state was randomly 

selected two per replicate in the two treatments and taken to the laboratory to conduct the DNA 

analysis. The snails were slaughtered by breaking the shell and separating the fleshy edible part 

from the shell and fluid and then cutting off some portion of the muscular foot to use for the DNA 

extraction. To extract DNA, tissue was crushed into a smooth, blended form per the manufacturer's 

instructions, then mixed with the Zymo Research DNA Extraction kit. DNA extractions were kept 

at -120C in the University of Port Harcourt's Department of Animal Science's Genomic 
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Laboratory. In order to attain optimal outcomes, 500 µl of beta-mercaptoethanol supplied by the 

user was incorporated into the Genomic Lysis Buffer at an end-user dissolution of 0.5% (v/v), per 

100 ml.  

1. Specimen(s) were put into a 2.0 mm ZR Bashing BeadTM Lysis Tube. After adding 750µl of 

Bashing BeadTM Buffer to the tube, it was securely sealed. (In general, only 50 mg of tissue 

was sampled because bigger samples will go beyond the spin column's capacity to bind DNA). 

It is also possible to sample up to 8.5 x 106 cells trapped in 200 µl PBS or up to 400 µl of 

entire blood.  

2. After that, samples were subjected in a bead with a 2 ml container assembly (GenieTM) and 

processed for 10 minutes at maximum speed. Processing time is dependent on the bead beater 

and sample input. The use of fast connectivity cell disrupters (FastPrep® -24) can be completed 

in as little as five minutes.  

3. A micro centrifuge was used to centrifuge the ZR Bashing BeadTM Lysis Tube (2.0 mm) for 

one minute at a force of ≥10,000 x g.  

4. The supernatant (about 400µl) allowed to centrifuged at 8,000 x g within60s, and place to a 

Zymo-SpinTM III-F Filter in a receiving Tube. 

5. The filtrate from Step 4 introduced to 1,200µl of Lysis Buffer for Genomicand thoroughly 

mixed.  

6. After transferring 800µl of the mixture from Step 5 into a TM IICR Column1Zymo-Spin in a 

receiving Tube, it was properly mixed in a centrifuge at 10,000 x g for 60s.  

7. After discarding mixture from the Collection Tube, Step 6 was carried out once more.  

8. 200µl of the DNA Pre-Wash Buffer was introduced to the Zymo-SpinTM IICR Column in a 

fresh Collection Tube, at 10,000 x g centrifugation for 60s.  

9. the 500µl of g-DNA Wash Buffer was introduced into theTM IICR Column Zymo-Spin, at 

10,000 x g centrifugation for 60s.  

10. 100 µl of elution DNA buffer (a minimum of 35 µl can be used), immediately was introduced 

to the column matrix of the TM IICR Column in a sterile 1.5 ml microcentrifuge tube, and. 

After which the the DNA was extracted by centrifuging at 10,000 x g in 60s.  

Using a DNA monogram, the amount and quality of DNA were evaluated; samples containing less 

than 5 µml were discarded. The quantified DNA was further examined by gel electrophoresis using 

a 1.5% agarose gel at a constant voltage and 1X TBE for about an hour, utilizing a portable gel 

hood with a built-in Blue LED (470nm) by Royal Biotech/Biolympics (www.royalbiotech.com). 

They were photographed in the ultraviolet light and made visible using Ethidium bromide staining. 

The ladder that is being used is a thermo scientific 100 base pair ladder.  

Cytochrome B Primers 

Cytb F 5'- CCATCCAACATCTCAGCATGATGAAA -3'  

Cytb R 5'- CCCCTCAGAATGATATTTGTCCTCA-3' 

The following cocktail mix was applied to the DNA in order to prepare it for PCR. 

Table 1. Polymerase Chain Reaction Cocktail Mix 

Materials Proportion 

PCR buffer (10×) 2.5 

MgCl2 (25mM) 1.0 
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forward primer (5pMol) 1.0 

reverse primer (5pMol) 1.0 

DMSO 1.0 

DNTPs (2.5Mm) 2.0 

Taq (5u/µl) 0.1 

DNA (10ng/µl) 3.0 

H2O 13.4 

Total volume 25µL 

 

Touch Down PCR Condition  

Table 2 Conditions for Touch Down PCR 

 9 Cycle 35 Cycles   

Initial 

den. 

Den. Ann. 

Tempt 

Extension Den. Ann. 

Tempt 

Extension Final 

extension 

Hold 

tempt 

94˚C 94˚C 65˚C 72˚C 94˚C 55˚C 72˚C 72˚C 10˚c 

5min 15sec 20sec 30sec 15sec 20sec 30sec 7min ∞ 

Den = Denaturation; Ann = Annealing; Tempt = Temperature 

For about an hour, the amplicons from the aforementioned reaction were loaded onto 1.5% 

agarosegel at a steady voltage and 1X TBE. They were photographed in the ultraviolet light and 

made visible using Ethidium bromide staining. The ladder that is being used is a thermo scientific 

50 base pair ladder. Using the following primers, the Mitochondria DNA (Cytochrome B) gene 

was amplified: 

Cytb F 5'- CCATCCAACATCTCAGCATGATGAAA -3'  

Cytb R 5'- CCCCTCAGAATGATATTTGTCCTCA-3' 

Five microliters of nuclease-free water, ten milliliters of PCR premix (Quick-Load 2x Master mix 

with standard bufferone Taq*), eight microliters of genomic DNA, and one milliliter MC4R each 

for both primers were added to each 25 microliter Polymerase Chain Reaction (PCR) microtube. 

A touch-down PCR condition was applied, comprising of initial denaturation at 94˚C for five 

minutes, nine denaturation at 94˚C cyclesfor fifteen seconds each, of annealing at 62˚C for 20s-, 

and thirty-seconds extension (72˚C). The next 35 cycles were: 15s at 94˚Cof denaturation, 

annealing at 58˚C, for 20 seconds of, extension at 72˚C for 30s, and final extension at 72˚C for 

7min.The results of the Polymerase Chain Reaction (PCR) were electrophoresed for 40 minutes 

on a 1% agarose gel with IX TBE and a constant voltage. They were photographed in the ultraviolet 

light and made visible using Ethidium bromide staining. The qualitative Polymerase Chain 

Reaction (PCR) products for sequencing was carried out at the institute for tropical Agriculture. 

Mega 6.0 was used to align DNA sequences (Tamura et al., 2013). DNAsp version 5, Mega 7.0, 

and the GENEPOP software package were used to determine single nucleotide polymorphism and 

other sequence variation parameters (Rousset, 2008).Finch TV 1.4.0 and Mega 7.0 software were 

used to perform the statistical analysis of the aligned sequences. 

III. Results and Discussion 

Figure 1 represents the dendrogram showing genetic distance between white and black snail while 

plate 1 shows the gel of cytochrome B bands for 48 snail samples. A. marginata snails in the 
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rainforest zone of Nigeria is highly related as the two were connected closely in the tree, except for 

only one of the white snails that was not closely linked to the others.  The phylogenetic analysis 

revealed only one cluster with one end having only white skinned A. marginata and the other end 

of the cluster having both white and black skinned A. marginata. phylogenetic analysis at the top 

of the phylogenic tree revealed that both white and blacked skinned A. marginata share a most 

recent common ancestor. The bottom of the tree indicates that the ancestry of both species started 

with the white skinned A. marginata. Additionally, a 0.2 (20%) variation between A. marginata 

with black and white skin is shown in the above figure. The outcome also demonstrates that there 

is a stronger genetic connection than variation between A. marginata with black and white skin. 

The scale also shows that there is 3.2, or roughly 16 times the scale, separating the top-skinned A. 

marginata with black skin from the bottom-skinned A. marginata with white skin. According to 

Gonzalez, Aramendia, and Davison (2019), the primary explanation for this variation is believed to 

be due to selective forces like habitat, predation, climate, and selection. This suggests that compared 

to black snails, white snails absorb less heat. 

The present study's outcomes are consistent with those of Etukudo et al. (2018), who assess genetic 

diversity in Africa giant land snail by using the marker; Inter Simple Sequence Repeats (ISSR). He 

stated that—1 and 2—were two clusters majorly found through the phylogenetic assay, with the 

number 2-cluster being further subdivided into two smaller clusters. On the other hand, A. 

marginata and A. fulica were grouped together. This may help to explain why A. marginata and A. 

achatina have different genetic makeups despite having similar sizes. Fagbuaro, Mosuro, Bakare & 

Odaibo (2002) and Gu et al. (2015) also supported the genetic similarity between A. marginata and 

A. achatina. 54 chromosomes was associated with Achantina. fulica, 44 chromosomes with A. 

achatina, and 56 chromosomesfor A. marginata had, according to their report. According to analysis 

of cellular variability (AMOVA), 100% was recorded as molecular variance within a population, 

but variation between the populations was only 0.00%. In contrast to unbiased identity 

genetically0.992 (pop1 and pop2), 0.988 (pop1 and pop3), and 0.985 (pop2 and pop3), Nei unbiased 

genetic separation was 0.008 (pop1 and pop2), 0.012 (pop1 and pop3), and 0.015 (pop2 and pop3). 

The study's minor genetic variation may result from random mating, arbitrarily fertilization, 

mutation (which can produce completely new alleles in a populace), and amplification between 

chromosomes that are similar during meiosis (which reorganizes alleles throughout an organism's 

progeny). The results showed that there was a high level of genetic identity, which may have been 

caused by their close proximity.The Tajima Neutrality test results are shown in Table 3. The results 

show a significant (p ≤ 0.05) value (-0.431931) for the Tajima test statistic. This analysis involved 

20 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous 

positions were removed for each sequence pair (pairwise deletion option). There was a total of 329 

positions in the final dataset. Evolutionary analyses were conducted in MEGA11. The results 

showed low negative values for nucleotide diversity. This result is in variance with the findings of 

Dauda, Okon & Ibom (2018) who evaluated the genetic diversity of Giant African Land Snails 

(GALS) in Uyo, and observed a high nucleotide diversity and Tajima Test for Selection among the 

GALS breeds evaluated. The low negative value obtained in this study implied that the breeds may 

not adapt to various environmental conditions. This could also be the reason for the high mortality 
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experienced by the hatchlings because negative Tajima's D test signifies imbalance selection (Fu & 

Li, 1993). 

 
Figure 1.Dendrogram showing genetic distance between white and black snail 

Table 3 Results from Tajima's Neutrality Test for black and white skinned snails (A. 

marginata) 

M S PS Θ Π D 

20 292 0.887538 0.250170 0.224236 -0.431931 

 

Key.-- This analysis involved 20 nucleotide sequences. Codon positions included were 

1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair 

(pairwise deletion option). There was a total of 329 positions in the final dataset. Evolutionary 

analyses were conducted in MEGA11  

 

Abbreviations: m = number of sequences, n = total number of sites, S = Number of segregating 

sites, ps = S/n, Θ = ps/a1, π = nucleotide diversity, and D is the Tajima test statistic 
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Plate.1Showing gel picture of cytochrome B bands for 48 snail samples. M is 100bp DNA ladder. 

IV. CONCLUSION 

The study's findings unmistakably demonstrate that African giant land snail A. marginata, 

predominantly found in the rainforest zone of Nigeria, has a limited range of skin colors. Given 

that specification level of genetic resemblance among the investigated samples, this may suggest 

that both snails species descended from a similar or the same ancestor.  
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